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27Annex D – ASN.1 encoding of the MAC and PHY.MIB


1 
Definitions

Insert the following new definitions in alphabetical order, renumbering as necessary:
Aggregated MSDU (A-MSDU): An MPDU that encapsulates two or more MSDUs to be transmitted to the same RA.

Downlink transmission: period of time described by a PSMP frame and which is intended to be used for the reception of frames by PSMP receivers.
Initiator: a STA that owns the current TXOP.

Power Save Multi-Poll: MAC control frame that provides time schedule to be used by the PSMP transmitter and PSMP receivers. The scheduled time begin immediately subsequent to the transmission of the PSMP frame.

Responder: a STA allowed to transmit a response PPDU in response to a transmission from an initiator.
Uplink transmission: Period of time described by a PSMP frame and which is intended to be used for the transmission of frames by a PSMP receiver.
2 Abbreviations and acronyms

Insert the following acronyms alphabetically in the list in Clause 4:
A-MSDU
Aggregated MSDU
DLT
Down Link Transmission
MTBA
Multiple TID Block Ack
PSMP
Power Save Multi-Poll
RD
Reverse Direction

RDG
Reverse Direction Grant

ULT
Up Link Transmission
3 General description
3.1 MAC service definition General description of MAC enhancements

The new or modified features supported by this proposal are as follows:
	#
	MAC enhancements
	Comments

	1. 
	Power Save Multiple Poll
	Support of PSMP is optional; however use of PSMP by QAP is mandatory for Multiple RAs packet transmission with RIFS or SIFS to support PSMP capable STA. (See Figure 1.)

	2. 
	Multiple TID Block ACK
	MTBA is only BA mechanism that shall be used during the PSMP reserved time. Only MTBA acknowledgement shall be used under PSMP

	3. 
	Reverse Direction Grant
	Description TBD

	4. 
	A-MSDU Aggregation
	Description TBD
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Figure 1 Multiple RA packet transmission with RIFS or SIFS 

3.1.1 6.1.4 Data service architecture (informative)
Change the paragraph in 6.1.4 (.11e) as shown: 

The MAC data plane architecture (i.e., processes that involve transport of all or part of an MSDU) is shown in Figure 11g. During transmission, an MSDU goes through some or all of the following processes: frame delivery deferral during power save mode, aggregation, sequence number assignment, fragmentation, encryption, integrity protection, and frame formatting. IEEE 802.1X may block the MSDU at the Controlled Port. At some point the Data frames that contain all or part of the MSDU are queued per access category/TS. This queuing may be at any of the three points indicated in Figure 11g. During reception, a received data frame goes through processes of MPDU header + cyclic redundancy codecheck (CRC) validation, duplicate removal, possible reordering if the Block Ack mechanism is used, decryption, defragmentation, integrity checking, de-aggregation, and replay detection. After replay detection (or defragmentation if security is used), the MSDU is delivered to the MAC_SAP or to the DS. The IEEE 802.1X Controlled/ Uncontrolled Ports discards the MSDU if the Controlled Port is not enabled or if the MSDU does not represent an IEEE 802.1X frame. TKIP and CCMP MPDU frame order enforcement occurs after decryption, but prior to MSDU defragmentation; therefore, defragmentation will fail if MPDUs arrive out of order.
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Figure 11g – MAC data plane architecture

6.2.1.1.2 Semantics of the service primitive

No Change on the max MSDU size:

The data parameter specifies the MSDU to be transmitted by the MAC sublayer entity. For IEEE 802.11, the length of the MSDU must be less than or equal to 2304 octets.

4 Frame Formats
4.1 Control frames

Multiple TID Block Ack is modification of the BA subtype MPDU.
4.1.1 Multiple TID Block Acknowledgement Request

MTBAR is a control frame of the BAR type. The MTID field is used by PSMP devices to detect MTBAR. This field is reserved = 0 in the HT BA thus this change will not affect the HT devices that are not PSMP enabled
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Figure 2 MTBAR Frame Format
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Figure 3 BAR Control filed in MTBAR Frame
The Per TID info subfield in Figure 6 is shown in detail below
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Figure 4 PER TID Info Field

4.1.2 Multiple TID Block Acknowledgement

MTBA is a control frame of the BA type. The MTID field is used by PSMP devices to detect MTBA. This field is reserved = 0 in the HT BA thus this change will not affect the HT devices that are not PSMP enabled.
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Figure 5 – Multiple TID Block Acknowledgement (BA_MTID) frame format 

	
	B0
	B1
	B2
	B3-B12
	B13-B15

	
	ACK policy
	MTID
	Compressed BA
	reserved
	Number of TIDs

	# of bits
	1
	1
	1
	10
	3

	Value
	0
	1
	1
	0
	0-7


Figure 6 - BA Control field
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Figure 7  BA control per TID
4.2 Data Frame Formats

4.2.1 A-MSDU Signaling

4.2.1.1 A-MSDU field

The position of A-MSDU field is TBD. The A-MSDU field is set to 1 if the QoS data frame contains aggregation of two or more MSDUs. The A-MSDU field is set to 0 in all other frames. 
Insert the following text at the end of the subclause7.2.2.
4.2.1.2 A-MSDU frames

A-MSDU frame resides in the Frame body of an MPDU frame. To form an A-MSDU, two or more MSDUs are aggregated together, separated by a sub-frame header.  The resulting A-MSDU is therefore the combination of all MSDUs in the A-MSDU along with a sub-frame header for each constituent MSDU. The possible type of QoS Data frames that may contain A-MSDU as a frame body are shown in Table A-1.

Table A-1 

	Frame Subtype of type QoS Data
 that may contain A-MSDU

	QoS Data

	QoS Data+CF-Ack

	QoS Data+CF-Poll

	QoS Data+CF-Ack+CF-Poll


The destination address of the MPDU containing A-MSDU is the address of the STA that is the next immediate intended receiver of the aggregated frame.  The source address of the A-MSDU is the MAC address of the STA that created the A-MSDU. The encoding of the four address fields in the MAC header of the MPDU is defined in Table A-2.

The frame body of the A-MSDU frame is shown in Figure A-2.  The sub-frame header is 14 octets in length and consists of a 6-octet Destination Address of the constituent MSDU, a 6-octet Source Address of the constituent MSDU and 2-octet MSDU length field.  The MSDU length field indicates the length, in octets, of the constituent MSDU. Each sub-frame consists of a sub-frame header followed by an MSDU and 0-3 bytes of padding. A sub-frame (except the last) is padded so that its length is a multiple of 4 bytes.  The last sub-frame has no padding.
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Figure A-2 – Frame body of A-MSDU frame 
The MPDU containing the A-MSDU is one of the QoS data subtypes. This MPDU is treated as a regular MPDU and is encrypted as a single unit under CCMP. The presence of the A-MSDU is signaled by a bit in the QoS control field, whose contents are described in the table below:
Table A1.5 – QoS Control Field

	Applicable Frame

(sub) Types
	Bits 0-3
	Bit 4
	Bit 5-6
	Bit 7
	Bits 8-15

	QoS CF-Poll and QoS CF-Ack+CF-Poll frames sent by HC
	TID 
	EOSP 
	Ack Policy 
	Reserved
	TXOP limit

	QoS Data+CF-Poll and QoS Data+CF-Ack+CF-Poll frames sent by HC
	TID
	EOSP
	Ack Policy
	A-MSDU Present
	TXOP limit

	QoS Data and QoS Data+CF-Ack frames sent by HC
	TID 
	EOSP 
	Ack Policy 
	A-MSDU Present
	QAP PS Buffer State

	QoS Null and QoS CF-Ack frames sent by HC
	TID 
	EOSP 
	Ack Policy 
	Reserved
	QAP PS Buffer State

	QoS Data and QoS Data+CF-Ack frames sent by non-AP QSTAs
	TID 
	0 
	Ack Policy 
	A-MSDU Present
	TXOP duration requested

	
	TID 


	1 
	Ack Policy 
	A-MSDU Present 
	Queue size

	QoS Null and QoS CF-Ack frames sent by non-AP QSTAs
	TID
	0
	Ack Policy
	Reserved
	TXOP duration requested

	
	TID
	1
	Ack Policy
	Reserved
	Queue size


The DA and SA are passed between the MAC and its service client in the MAC service primitives. The mapping of DA, SA to the addresses in the MPDU header is defined in Table A-2. It is possible to have different DA and SA in the same A-MSDU as long as they all map to the same receiver address.

Table A-2 – Address field contents in the MAC Header and the Subframe headers
	
	
	
	
	
	
	Subframe Header Fields

	To DS
	From DS
	Address 1
	Address 2
	Address 3
	Address 4
	DA
	SA

	0
	0
	DA
	SA
	BSSID
	Not present
	Reserved
	Reserved

	0
	1
	DA
	BSSID
	BSSID
	Not present
	Reserved
	SA

	1
	0
	BSSID
	SA
	BSSID
	Not present
	DA
	Reserved

	1
	1
	RA
	TA
	BSSID
	 Reserved
	DA
	SA


4.2.2 Ack policy in QoS control field of QoS data frames

There is definition of the Ack policy field of .11e (7.1.3.5) that covers the MTBA/PSMP case

	Bits in QoS Control field
	Meaning

	Bit 5
	Bit 6
	

	0
	1
	Scheduled acknowledgement under MTBA/PSMP agreement


Figure 8 Ack policy field under PSMP agreement

4.2.3 Use of QoS Control Field to carry resource request

A STA may indicate the state of its transmit queues (either the number of bytes, or a requested TXOP duration) using the QoS control field.  If it receives an ULT that is not long enough to transmit data from its queues, it may transmit a QoS Null containing information about the state of its transmit queues.

The AP may use this information to schedule ULT in a subPSMP.

4.3 Management Frame Formats

4.3.1 HT Capabilities

Table xx – Capabilities
	Capability
	Location Size and Encoding
	Contents

	Receive Max A-MSDU Size
	B0 (1 bit)

Set to 1 to indicate max A-MSDU size 7935 bytes

Set to 0 to indicate the default max value A-MSDU size of 3839 bytes
	STA informs its capability to receive max A-MSDU size. The default value is 3800 bytes

	Transmit Max A-MSDU Size
	B1 (1 bit)

Set to 1 to indicate max A-MSDU size 7935 bytes

Set to 0 to indicate the default max value A-MSDU size of 3839 bytes
	STA informs its capability to transmit max A-MSDU size. The default value is 3800 bytes. 

	PSMP support
	TBD (1 bit)
	In beacon and probe response:

0 BSS does not support use of PSMP

1 BSS does support use of PSMP

In association request and reassociation request:
0 device will not use PSMP
1 device will use PSMP


4.3.2 Additional HT Information Elements

Table 2 – Additional HT Information Elements

	Name
	Description
	Use

	Controlled Access Only
	0 = not only PSMP

1= PSMP only
	Indicates whether an AP wants to associate PSMP enabled stations only

	Service Interval Granularity
	000 – 5ms

001 – 10ms

010 – 15ms

011 – 20ms

100 – 25ms

101 – 30ms

110 – 35ms

111 – 40 ms
	Size in us of the shortest Service Interval. Size of the actual  Service interval that Station is requesting shall be multiples of this value; used under scheduled PSMP only


Control Access Only field explanation. The QAP may support in BSS the PSMP access only. This approach may allow separation of multimedia and data oriented BSSs. If the QAP supports the PSMP access only it can assert the Controlled Access Only bit. The PSMP aware station may decide to associate or not with such BSS thus shorten the scanning time.
4.3.3 PSMP Frame
Power Save Multiple Poll is of type/subtype Management Action Frame. Address type – broadcast

The PSMP parameter set is used to describe the DLT and ULT which immediately follows the PSMP frame.  
	
	Reserved
	Descriptor End
	STA Info  

	Bits:
	7
	9
	64*m



Figure 9 PSMP Parameter Set format

	
	TIDs/TSIDs set
	STA ID
	DLT Start Offset
	DLT Duration
	ULT Start Offset
	ULT Duration

	Bits:
	8
	16
	10
	10
	10
	10


Figure 10 STA Info format

The STA ID field indicates the AID value.

The DLT Start Offset field indicates the start of the PPDU which has the DL data of the STA. The offset is specified relative to the end of the PSMP frame. It is given as an integer number of 4us. If no DLT is scheduled for a STA, but a ULT is scheduled for that STA, then the DLT Duration is set to null (0).

The DLT Duration field indicates the end of DL data of a STA relative from the start of the PSDU that has the first MPDU destined to the STA. It is given as a multiple of 4us. If no ULT is scheduled for a STA, but a DLT is scheduled for that STA, then the ULT Duration is set to null (0).

The ULT Start Offset field indicates the start of the ULT.  The first ULT is scheduled to begin after a SIFS interval from the end of the last DLT described in the PSMP. It is given as an integer number of 4us. If no ULT is scheduled for a STA, but a DLT is scheduled for that STA, then the ULT Start Offset is set to null (0). A STA starts transmitting with out performing the required CCA at the start of its ULT Offset. 

The ULT Duration field indicates the maximum length of a ULT for a STA. Even, if a STA has more data queued than the allocated time for its ULT, the STA shall release the medium at the end of the allocated duration. ULT duration is given as an integer number of  4 us. If no ULT is scheduled for a STA, but a DLT is scheduled for that STA, then the ULT duration is set to null (0). A STA cannot use the medium longer than the time allocated in PSMP frame.

The TIDs/TSIDs set field presents TSIDs for what the AP has been reserved time in the ULT. The Station can use the time reserved in ULT for any TSID it wants. The QAP can reset this field (all zeroes) indicating that there is no related information. The TSIDs set field may be used to simplify the Station decision in case there are frames of several TSIDs ready to be delivered. The STA is free to ignore the value of this field. 

Within all data or management type frames sent within a PSMP exchange, the Duration/ID field is set to the remaining duration of the TxOP.

The Descriptor End field indicates the duration of the current PSMP exchange which is described by the PSMP frame. The value of the Descriptor End field is an integer number of 8us.  Therefore, this field can describe a PSMP exchange of up to 4ms in duration.

4.3.4 ADDTS request and response

4.3.4.1 TSPEC
There are no changes in the TSPEC structure see the related figures from .11e. (7.3.2.15) The Access policy of the TS Info field is used to reflect the PSMP Access policy 
The reserved code of the Access Policy field in TS Info is used to encode PSMP access.
	Bit7
	Bit 8
	Usage

	0
	0
	PSMP


Figure 11 PSMP Access Policy

The Ack policy of the TS Info field shall be set to Block Acknowledgment. MTBA shall be used in the scheduled PSMP

The APSD (B10) and Schedule (B16) subfields of TSPEC TS info both shall be set to1 meaning Scheduled APSD

4.4 Frame Formats with TBD signaling
4.4.1 RD Signaling

It is TBD how the RDG field, the RDG Duration Field, the AC Constraint Field and the More PPDU field are signaled.

4.4.1.1 RDG  Field

	RDG Field Value
	Description

	0
	No reverse grant

	1
	A reverse grant is present, as defined by the RDG Duration field. 


The RDG field may only be set to one in MPDUs transmitted by an initiator.

4.4.1.2 RDG Duration Field

It is TBD how the RDG duration field is signaled.

The RDG duration field indicates the maximum duration of the response, in TBD units, of TBD range.

4.4.1.3 More PPDU Field
	More PPDU Field value
	Description

	0
	The PPDU carrying the MPDU is the last transmission by the responder.

	1
	The PPDU carrying the MPDU is followed by another PPDU.  


The More PPDU field may only be set to 1 in MPDUs transmitted by a responder.
The More PPDU field shall be set to the same value in all TBD MPDU types within the same response aggregate.
4.4.1.4 AC Constraint Field

It is TBD how the AC constraint Field is signaled.

	AC Constraint Field Value
	Description

	0-3
	The response shall only contain data of the specified AC

	4
	The response may contain data from any TID


5 Authentication and privacy

5.1 Security

Open or CCMP only.
6 MAC sublayer functional description
6.1 MSDU aggregation

Two or more MSDUs belonging to the same TID and being transmitted to the same receiver may be aggregated into a single A-MSDU.  Aggregation of more than one frame can improve system efficiency as seen at the MAC sub-layer due to the fact that the overheads associated with channel access (e.g. PLCP preamble, MAC header, IFS spacing, etc.) can be amortized over two or more MSDUs. Broadcast MSDUs can be aggregated together into a single A-MSDU frame but shall not be aggregated with any unicast or multicast MSDUs. Multicast MSDUs to be transmitted to the same group can be aggregated together into a single A-MSDU frame but shall not be aggregated with any unicast, broadcast, or other multicast MSDUs. Unicast MSDUs to be transmitted to a station can be aggregated together into a single A-MSDU frame but shall not be aggregated with any multicast, broadcast, or other unicast MSDUs.

 Aggregation process is considered a “sub-process” between MSDU queuing and sequence number assignment in Figure 11g of Clause 6.1.4.  A-MSDU has a single sequence number. MSDUs shall be aggregated and de-aggregated in the same order as they are received from the LLC.

A STA shall only use MSDU aggregation where it knows that the receiver supports MSDU aggregation.  A STA shall not aggregate MSDUs that have different values of priority as indicated by the MA-UNITDATA.request primitive.  A STA may aggregate MSDUs with different values of destination address as long as they would have the same value in the Address 1 field had they been sent as individual MPDUs.

After aggregation, the procedures for handling an A-MSDU are no different from an MSDU including sequence number assignment, optional MSDU integrity protection and encryption, and fragmentation. Once formed, A-MSDUs shall not be un-aggregated by the transmitter, as there are no facilities for individual sequencing or retransmission of the constituent MSDUs.

A method for determining when to engage MSDU aggregation is out of scope for this standard.

The STA shall not transmit A-MSDU frame of size more than the indicated recipient Receive Max A-MSDU size.

An aggregated MSDU constructed of two or more broadcast/multicast MSDU frames shall be sent to broadcast RA with maximum transmit A-MSDU size of 3800-byte only.

6.2 Aggregation Exchange Sequences and related rules

6.2.1 Aggregation Exchanges

A STA that owns the TXOP may start an exchange of PPDUs.  This STA is called the initiator.

The initiator STA may transmit PPDUs and obtain response PPDUs from one or more STA during the exchange.  These STA are called responders.

The reverse direction mechanism enables two types of response:  a single PPDU, or a response burst.

In the case of a singleton response PPDU, all relevant MPDUs in the PPDU shall have the "More PPDU" field set to 0. In the case of a response burst, the last response PPDU shall have the "More PPDU" field set to 0 in all MPDUs of TBD type. During a response burst, only the responder may transmit – i.e. there are no transmissions by other STA, including the initiator.  See the figure below for an example of this:
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A response may be transmitted as defined in Table 3.

Table 3 – Response Generation

	Transmission by initiator
	Response

	An aggregate or non-aggregate PPDU containing one or more unicast frames addressed to the receiver with the RDG field set to 1.
	A response burst consisting of one or more aggregated or non-aggregated PPDUs starting a SIFS after the end of the initiator's transmission, and lasting no longer than the RDG duration (less a SIFS).

The PPDUs of a response burst shall be separated by no more than SIFS.


The initiator shall ensure that its PPDU transmission and any expected/granted responses fit entirely within the current TXOP (this is implicit in 802.11e).
The responder shall ensure that its PPDU transmission(s) and any expected responses fit entirely within the RDG duration.
6.2.2 Bi-Directional Data Exchange Rules

Transmission of an MPDU by an initiator with the RDG flag set to 1 (either transmitted by itself, or as part of an aggregation) indicates that the period of time defined by the RDG Duration field is available for a response burst. The initiator is free to grant any RDG it wishes (compliant with the TXOP rules).  
When the initiator sets the RDG flag to 1, it shall set the AC Constraint field according to the AC of the current EDCA TXOP.  In the case of a HCCA TXOP, the initiator shall set the AC Constraint field to the value 4 (any TID).
The responder may only transmit Data MPDUs of the same AC as the AC Constraint Field (for values 0-3) or of any TID(for value 4). 
The responder  shall not transmit any MPDUs that are not addressed to the initiator.
Subject to TXOP constraints, after transmitting a PPDU containing a reverse direction grant, the initiator may transmit its next PPDU a minimum of a  SIFS after receiving a response PPDU with the "More PPDU" flag set to 0.   Subject to TXOP constraints, the initiator may transmit its next PPDU when the medium is sensed idle for PIFS (this is a continuation of the current TXOP).
If the initiator receives a PPDU that does not carry the "More PPDU" flag, it shall not transmit any earlier than a PIFS.

Note: after transmitting a PPDU containing a reverse direction grant, if the response is corrupted so that the "More PPDU" flag is unknown, the previous paragraph does not allow transmission after SIFS.  Transmission may occur a PIFS after deassertion of carrier sense, unless a later response PPDU is correctly received containing "More PPDU" set to 0.

Note: after transmitting a PPDU not containing a reverse direction grant, the state of the "More PPDU" flag does not affect the behavior of the initiator.  If the response is corrupted (i.e. PPDU length known, but MPDU CRC failure), the initiator continues transmissions after a SIFS (subject to TXOP constraints).

Note, the latter point is permitted by 802.11e.  It shows that error recovery of the RDG mechanism is the responsibility of the initiator.

6.2.3 Constraints regarding responses

The first PPDU of any response burst shall contain all response MPDUs (e.g. Ack, BA) as required to respond to the previous PPDU.   

Only the last PPDU of a response burst may contain an MPDU requiring an immediate response (e.g. Normal ack, BA with immediate response). 

The presence of any frame in a response PPDU requiring an immediate response is an implicit indication of "More PPDU==0".

If the transmission of a frame in a response PPDU requiring an immediate response fails, the responder has to wait until it has the next opportunity to transmit to the initiator before it can retry the transmission.  
6.3 Scheduled PSMP
6.3.1 PSMP sequence
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Figure 12 Different TPSECs servicing of the same Station  

PSMP frame is periodically broadcast by QAP and the repetition interval is indicated by Service Start Time field within TSPEC. The start time of a PSMP sequence should be aligned with the start time of S-APSD. Within any arbitrary single PSMP sequence duration, multiple number of additional sub-sequential PSMPs can be transmitted by QAP in order to allow more precise resource allocation and error recovery phase. It is termed Multi-phase PSMP.  
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Figure 13 PSMP sequence
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Figure 14 Different Service intervals of different stations

QAP can preempt the link in PIFS time after end of current TxOP to start transmission of PSMP sequence. CTS to self can be sent before each PSMP. The PSMP may follow the CTS to self after PIFS to allow sensing of the physical carrier.  The PSMP frame shall be sent by legacy basic rate.
The Minimal DLT2ULT delay is minimal time between DLT and ULT phases of the same station and shall be (TBD). This value indicates minimal time the Station is allowed to react to MTBA and data gotten during DLT with related data and MTBA in ULT. If there is not enough stations involved in the PSMP to guarantee this delay the QAP shall delay the start of the entire ULT phase. This time can be reserved using CTS to self sent several times between DLT and ULT.

6.3.1.1 Down Link Transmission

One or several A-MPDUs and/or MPDUs contain payload and MTBA directed to related station. One A-MPDU cannot contain MPDUs directed to different stations. PPDUs may be separated over RIFS or SIFS. The use of RIFS is limited as defined in Table 3 – Additional HT Information Elements. RIFS use will be allowed if there are no APSD legacy devices associated, otherwise its use is forbidden.

6.3.1.2 Up Link Transmission

ULT reserves time for each scheduled in PSMP station to send one or several A-MPDUs and/or MPDUs containing payload and MTBA directed to AP. The “TSID set” field in the PSMP tells the station what are the TSID the ULT time is reserved for. This information helps the station to decide whose MPDUs to aggregate for submission. It is only an indication to the STA what TSID can be possibly used but not limited to that set to use the ULT resources. All Zero TSID set field means that the AP does not submit any information about related TSIDs. 

PPDUs may be separated over RIFS or SIFS. The use of RIFS is limited as defined in Table 3 – Additional HT Information Elements RIFS use will be allowed if there are no APSD legacy devices associated, otherwise its use is forbidden. The minimal space between ULT periods of different stations Inter ULT Space (IUS) is 8us (>RIFS +Propagation Time) or SIFS. IUS of 8us is subject of the same limitation as RIFS above.

6.3.1.3 Multi-phase PSMP

ULT Duration delivered in a PSMP frame can be determined by QAP, based on TSPEC associated with each STA. For effective resource allocation, QAP should precisely estimate ULT duration for each STA using the information indicated in TSPEC, such as Minimum Data Rate, Mean Data Rate, Peak Data Rate, Burst Size, and Delay Bound fields. However, in the case where the traffic characteristic is quite bursty like real-time video application, precise estimation of ULT Duration is practically impossible without timely and frequent feedback of the current traffic statistics. 
In order that QAP may not waste the available bandwidth by overestimating the ULT Duration, QAP allocates the minimal amount of resource to each STA using ULT Duration field in PSMP, based on Minimum Data Rate in TSPEC. When the STA receives a PSMP frame, it decides if the allocated resource indicated by ULT Duration is sufficient for the queued data. If the allocated resource is sufficient, the STA can transmit all the queued data at the allocated time. If the allocated ULT Duration is not long enough for the queued data, the STA transmits only the part of queued data that can be fit within the allocated ULT Duration, with an additional Resource Request (RR) to QAP by properly setting either Queue Size field or TXOP Duration Request field of QoS Control Field which is piggybacked on QoS Data frame (Fig. PSMP-2). By transmitting an additional sub-sequential PSMP frame, the QAP may subsequently allocate the exact amount of ULT Duration based on the RR from the STA for whatever the remaining queued data that has not been transmitted during the initially allocated ULT duration for that particular STA.
Multi-phase PSMP can also be used for retransmission as well as additional resource allocation (Fig. PSMP-3). The frames transmitted in DLT are acknowledged by BA in ULT phase within the current PSMP phase. The frames transmitted in ULT can be acknowledged by BA in DLT phase within the following sub-sequential PSMP phase. Any failed transmissions during DLT and ULT can be respectively retransmitted in DLT and ULT period of the following sub-sequential PSMP phase.
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Figure 15 Multi-phase PSMP for additional resource allocation
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Figure 16 Multi-Phase PSMP for retransmission as well as additional resource allocation
6.3.2 Power management at non-AP Station

Power is managed per Service Interval. The Station will be awake at beginning of Service Interval related to this particular station. Once activated at the beginning of Service Interval this Station will stay active in presence of other not related to it TXOP till PSMP appears. Getting the PSMP Station checks the AID to retrieve the DLT and ULT offsets. The station downs the power and goes asleep till related offset appears. The Station is active during the DLT time and part of ULT that actually is used for transmission. The Station has to wake up at start of the next PSMP if the more PSMP bit is active in the current PSMP. QAP shall signalize the end of the Service Period by de-asserting of the more PSMP bit or by sending CF-END instead of the next PSMP. The EOSP bit set in the QoS Control field shall tell that there is no more data for this particular station in this particular Service Period.
6.4 MTBA rules in scheduled PSMP sequence

DL and UL data of multiple TSIDs are acknowledged using Multiple TSID BA mechanism when within a PSMP sequence. All BA agreements under PSMP shall be established using PSMP-Ack. Data sent and received by STA may be aggregated in A-MPDU that may contain MPDUs of different TSIDs.  Any frames related to different TSID can be transmitted in the same DLT or ULT phases respectively and are not subject of Access Category prioritization. Acknowledgement for submitted data is requested implicitly by normal ACK setting of the ACK policy bits in Data MPDUs or explicitly with MTBAR and responded with MTBA. Station shall use ULT of the same PSMP to submit MTBA of payload received in DLT. QAP shall use DLT of next PSMP to submit MTBA to stations. The next PSMP may be concatenated in the same Service Interval (subsequent PSMP). The number of PSMPs in PSMP sequence is locally limited by QAP. The QAP delivers the data as well the MTBA of related TSPEC in DLT and reserves the ULT only in the Service Intervals scheduled for this RA/TSPEC. 

6.4.1 DLT payload retransmission

QAP gets the related MTBA in ULT of the same PSMP. If the MTBA indicates lost frames the QAP schedules and retransmits these frames in the subsequent PSMP of the same Service Interval or in next PSMP of the next Service Interval. If the AP does not get the MTBA it can schedule and retransmit all not acked frames. Number of retries is limited per TSID.

6.4.2 ULT payload retransmission

Non QAP STA gets the related MTBA in DLT of the next PSMP after the actual data transfer. In the subsequent PSMP of the same Service Interval the QAP may reserve UL to allow STA retransmission of un-succeeded frames. Non AP STA shall resubmit lost frames in the subsequent PSMP of the same Service Interval if one delivered or in the next PSMP in the next Service interval otherwise. In case this STA cannot complete the retransmission in the last subsequent PSMP of the current Service Interval due to not enough time in the ULT it can resubmit the data out of PSMP. Frames submitted out of the scheduled period are subject of the Access Category prioritization. But also in this case the related MTBA will be delivered in the DLT of the related PSMP.

Number of retries is limited per TSID.
6.5 Unscheduled PSMP

The unscheduled SP begins when the QAP receives a trigger frame from a non-AP QSTA, which is a QoS Data or QoS Null frame associated with an AC the station has configured to be trigger-enabled. PS-Poll can be used as well. An unscheduled SP ends after the QAP has attempted to transmit at least one MSDU or MMPDU associated with a delivery-enabled AC and destined for the non-AP QSTA, but no more than the number indicated in the Max SP Length field if the field has a non-zero value. The SP of U-PSMP may contain a PSMP frame, Downlink phase and Uplink phase. The Downlink phase of this SP can contain Data related to different AC of different stations. The data directed to the same station and associated with delivery-enabled ACs may be aggregated in A-MPDU. QAP transmits these A-MPDUs to different stations by RIFS or SIFS interval. The RIFS is subject to the same limitation in DLT of scheduled PSMP. If a BA agreement is in force for frames transmitted within the DLT then MTBA method shall be used in that context. In this case the ULT is scheduled by QAP to allow stations responding with the related MTBA frames. The subsequent PSMP can be used for retransmission. 

Under the U-PSMP the station can transmit the data to AP out of the Service Period using one of the known methods: regular ACK, immediate BA and delayed BA. Under the regular Ack and immediate BA the QAP shall respond immediately outside of the SP. QAP can submit BA of a delayed BA agreement in the Downlink phase of SP. The data frame transmitted by Station is also used as trigger to start SP with PSMP. The QAP waits to get trigger frames from one or several Stations before issuing the PSMP. 

PSMP frame when transmitted either scheduled or unscheduled, preferably allocate STA’s DLT and ULT Start Offsets to allow minimum number of on/off transitions or to have maximum delay between their DLT and ULT periods. Broadcast and Multicast data can be transmitted using PSMP by setting STA_ID to a specific value (TBD). DL Broadcast and Multicast frames are transmitted right after PSMP frame before transmitting unicast frames. Any frames related to different TID/TSID can be transmitted in the same DLT or ULT phases of S-PSMP and DLT phase of U-PSMP respectively and are not subject of Access Category prioritization.
6.6 Scheduled PSMP operation

6.6.1 Introduction

Scheduled PSMP is created by QAP in response to first TSPEC request. The main purpose of the TSPEC is to reserve resources within the QAP and PSMP and modify the QAP's scheduling behavior. The TSPEC contains two groups of parameters: PSMP scheduling and PSMP reservation. The scheduling parameters are used by QAP to schedule Service Interval of PSMP sequences. The reservation parameters are used by QAP to reserve per station the ULT and DLT durations.

	PSMP scheduling parameters
	PSMP reservation parameters

	Minimum Service Interval
	Nominal MSDU size

	Maximum Service Interval
	Maximum MSDU size

	Inactivity Interval
	Minimum data rate

	Suspension Interval
	Mean Data rate

	Service Start time
	Peak Data rate

	Schedule subfield
	Burst Size

	
	Delay Bound

	
	Minimum PHY rate

	
	Surplus Bandwidth Allowance

	
	Medium Time

	
	TS Info subfields:

Traffic Type

TSID

Direction

Access Policy

Aggregation

APSD

User priority

Ack Policy


 Table 4 TSPEC contained PSMP parameters 

The Service Start time and Service Interval specifies the PSMP schedule in the response’s Scheduling Element. All other parameters are related to ULT/DLT reservation Rules of TSPEC request, response, and lifecycle are the same as in regular .11e case. 

Only TSPECs with the Aggregation subfield =0 and the APSD subfield =1 are eligible to support PSMP.
Unidirectional as well bidirectional TSPECs can be used for PSMP resources reservation. The bidirectional TSPEC can be used if the reservation parameters of the both directions are equal, voice or videoconferencing for example. If an application reserves separate TSPEC for each direction the TSID for both should be the same.

It is always the responsibility of the non-AP QSTA to initiate the creation of PSMP regardless of the TSPEC direction.
The lifecycle rules of PSMP are the rules of last TSPEC associated with this particular PSMP. 

Once created, the PSMP can be extended by another TSPEC. The same or other stations can issue more TSPEC requests to the already existent PSMP. Parameters of TSPEC already associated with PSMP can be changed but Service Interval and Start Time. 

TSPEC of the particular non-AP Station is identified at the QAP by the Station Address and TSID. Maximal number of TSPECs created by particular station is 8. 


6.6.2 Join PSMP 

Station joins PSMP out of the PSMP scheduled time. The non-AP QSTA SME decides that a PSMP needs to be joined. How it does this, and how it selects the related TSPEC parameters, is beyond the scope of this specification. The SME generates an MLMEADDTS.request containing a TSPEC. A TSPEC may also be generated autonomously by the MAC without any initiation by the SME. The non-AP QSTA MAC transmits the TSPEC in an ADDTS request frame to the QAP and waits for response. 

The QAP decides whether to admit the TSPEC as specified, or refuse the TSPEC, or not admit but suggest an alternative TSPEC and transmits an ADDTS response frame containing this TSPEC and status. The encoding of the ResultCode values to Status Code field values are defined in Table 26.6. If the ResultCode is "SUCCESS", the TS enters into an active state. Otherwise, the whole process can be repeated using the same TSID and Direction and a modified TSPEC until the non-AP QSTA decides that the granted TXOP is adequate or inadequate and cannot be improved. The QAP attaches the new approaching Station to the Start Service Interval of already established service. The Service Interval shall be multiples of the Service Interval Granularity.
[image: image15.emf]
The Station can resubmit TSPEC with suggested changes in case the ResultCode is “Rejected_with_suggested_changes”. The suggested changes are included in the responses Schedule element. The suggestion can be related to scheduling as well to reservation parameters. The suggested scheduling parameters cannot be negotiated. 

The station can add another TSPEC to the existent PSMP. In this case the. the QAP shall use the Start Service Interval of already established service  The Service Intervals of different TSPECs shall be multiples of the Service Interval Granularity. 
6.7 Unscheduled PSMP operation
Under the U-PSMP station does not use TSPEC for resources reservation. Each one of the two U-APSD methods can be used to make a particular AC trigger-enabled and/or delivery-enabled. All delivery enabled ACs can be transmitted to the station in the same SP. The ULT can be used by the stations for acknowledgement only. The ACK/MTBA is transmitted by legacy basic rate thus allowing QAP precise reservation of the ULT per station.
6.8 Multiple TID Block Ack operation under scheduled PSMP
Block Ack shall be set up at the MAC after the related TSPEC has been established. The Multiple TID Block Ack scheme and frame formats are used under the PSMP agreement. QAP as an Originator of DLT and Station as an Originator of ULT have to establish BA per each related TSID. The related ADDBA conversation performs out of the PSMP scheduling. There is no synchronization needed between Originators to order the ADDBA transmission. The overall Originator and Recipient BA setup procedures are the same as defined in the .11e. At the setup process the Originators and the Recipients use TSID from already established TSPEC. 

The BA timeout is not used; the TS Timeout is used for MTBA control also. At the TS deletion the related MTBA should be deleted as well (DELBA). 

6.9 Multiple TID Block Ack operation under unscheduled PSMP
If the BA is chosen to transmit the DLT payload the MTBA agreement shall be established by QAP. Under unscheduled PSMP only the QAP can use MTBA for data transfer in DLT phase. 
7 Layer Management

8 MAC sublayer management

9 Background information and Examples (Informative)
(Renumber as an Annex)

9.1 Example Aggregation Exchanges
(At this point, examples are TBD.)

Annex D – ASN.1 encoding of the MAC and PHY.MIB

In "SMT Station Config Table" of Annex D, add to Dot11StationConfigEntry at the end of sequence::

dot11AMSDUOptionImplemented TruthValue
Insert the following elements to the end of dot11StationConfigEntry element definitions behind

dot11RSNAPreauthenticationImplemented:
dot11AMSDUOptionImplemented OBJECT-TYPE

SYNTAX TruthValue

MAX-ACCESS read-only

STATUS current

DESCRIPTION

"This attribute, when TRUE, indicates that the station

implementation is capable of supporting A-MSDU. The capability

is disabled, otherwise. The default value of this attribute

is FALSE."

::= { dot11StationConfigEntry 41 }
TBD – add definitions for other options

A.4.3 IUT configuration

Insert the following at the end of A.4:

Item
IUT configuration

References
Status
Support

CF13
HTP supported

x.x

O
YesNo
A.4.x HTP Base Functionality

Item
Protocol capability
References
Status

Support
HB1
A-MSDU


x.x

CF13:M
Yes No
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