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Introduction

Interpretation of a Motion to Adopt

A motion to approve this submission means that the editing instructions and any changed or added material are actioned in the TGac Draft.  This introduction is not part of the adopted material.

Editing instructions formatted like this are intended to be copied into the TGac Draft (i.e. they are instructions to the 802.11 editor on how to merge the text with the baseline documents).

TGac Editor:  Editing instructions preceded by “TGac Editor” are instructions to the TGac editor to modify existing material in the TGac draft.   As a result of adopting the changes, the TGac editor will execute the instructions rather than copy them to the TGac Draft.

Submission Note: Notes to the reader of this submission are not part of the motion to adopt.  These notes are there to clarify or provide context.
	CID
	Commenter
Name
	Subclause
	Page
	Line
	Comment
Type
	Comment
	SuggestedRemedy

	1260
	Stephens, Adrian
	7.3.2.63
	34
	44
	TR
	Has anybody put forward a compelling case for the need for this information?   We currently have unspecified information having an unspecified effect.
	Remove VHT BSS Load element,  or make it useful.

	1443
	Kang, Byeongwoo
	7.3.2.63
	34
	44
	TR
	BW utilization' and 'SS utilization' are not finalized. 11ac supports up to 8 SS and up to 160MHz as well as 80+80MHz Transmission. VHT BSS load element format (Figure 7-12) needs some modification.
	Add definition of 'BW field' and 'SS utilization'

	1444
	Kang, Byeongwoo
	7.3.2.63
	34
	44
	TR
	The performance of MU-MIMO can be enhanced if MU-MIMO capable STAs can choose their associatiation with BSS with more MU-MIMO capable advanced STAs. However, VHT BSS load element does not support this.
	Add a field for 'the number of MU-MIMO capable stations' in VHT BSS load element format (Figure 7-12).

	1529
	SOHN, ILLSOO
	7.3.2.63
	34
	44
	TR
	bandwidth utilization" and "spatial stream utilization" have not defined yet, which are important information indicating the load of network serving VHT STAs.
	Define "bandwidth utilization field" and "spatial stream utilization".

	1530
	SOHN, ILLSOO
	7.3.2.63
	34
	44
	TR
	In legacy BSS Load element, there exists a field that indicates the number of associated STAs. This information gives critical indication for the loading of BSS. For the same reason, VHT BSS also requires STA count but in this case MU-MIMO capable STA count. This information together with ''bandwidth utilization" and "spatial stream utilization" provides a method to provide an exact status of BSS load.
	Define a field 'MU-MIMO capable STA count' in VHT BSS load element format.

	1259
	Stephens, Adrian
	7.3.2.63
	34
	46
	ER
	"additional".   I suppose this is in the same vein as "persil washes whiter".
	Remove "additional"

	1042
	Seok, Yongho
	7.3.2.63
	34
	52
	TR
	No details on Bandwidth Utilization and Spatial Stream Underutilization field.
	Define the field.

	1458
	Lee, Daewon
	7.3.2.63
	34
	53
	TR
	fill in TBD of bss load element
	finalize section

	707
	Kneckt, Jarkko
	7.3.2.63
	34
	57
	ER
	TBD should not exists in the standard
	Define appropriate value for TBD fields. 

	1771
	Lee, Jae Seung
	7.3.2.63
	34
	58
	ER
	Duplicated Figure number. Figure number 7-12 is already used in the 802.11 baseline document
	Change figure number 7-12 to other non duplicated number 

	771
	Liu, Yong
	7.3.2.63
	34
	63
	TR
	complete the TBD fields
	as comment

	1152
	Stacey, Robert
	7.3.2.63
	34
	63
	TR
	Remove editor's note
	


Discussion:

In the past November meeting TGac agreed to support BSS load element for VHT, where the load element address some of the deficiencies of load element did not cover. The proposal is cover not only the time resource, which was the only resource the legacy system had control over, but also cover frequency and spatial resources the AP has control over.
In order to effectively give information over spatial and frequency utilization, the proposal to define a utility metric for spatial domain (which can be allocated to each user in case of MU-MIMO), and bandwidth metric for each of the bandwidth the BSS supports.
The VHT BSS load element should in general keep existing BSS load indication for legacy load balancing, and also support extra BSS load element to benefit 11ac devices. The desired characteristics of the element would be;
· Non duplicate information from legacy BSS load element

· Information on (under)utilized level of AP’s potential MU-MIMO capacity
· Information on bandwidth utilization
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Figure  1. Example of resource utilization in a BSS
An example of under-utilized spatial streams is depicted in figure above. In order to define a spatial stream utility metric we need to define 3 states of medium {Idle, Busy : STA-to-AP, AP-to-legacy STA, non-self AP-to-STA, Partially Busy : self AP-to-11ac STA }. The new BSS load element can  indicate level of idleness (under-utilization) during partial busy durations.
Proposed Resolution:

Agree in principle to finalize the TBD fields as described in Draft P802.11ac_D0.1 comments 1260, 1443, 1444, 1529, 1530, 1259, 1042, 1458, 707, 1771, 771, and 1152.

Also agree to following editing instructions to complete the section.
Editing instructions:

7.2.3.1 Beacon frame format
TGac editor: Insert the Extended BSS load element in Table 7-8 Beacon frame body after order 41 and before order Last:

Table 7-8—Beacon frame body
	Order
	Information
	Notes

	<ANA>
	Extended BSS load element
	The Extended BSS Load element is present if dot11QosOptionImplemented and dot11QBSSLoadImplemented and dot11VHTOptionImplemented are true.


7.2.3.9 Probe Response frame format
TGac editor: Insert the Extended BSS load element in Table 7-15 Probe Response frame body after order 39 and before order Last-l:

Table 7-15—Probe Response frame body
	Order
	Information
	Notes

	<ANA>
	Extended BSS load element
	The Extended BSS Load element is present if dot11QosOptionImplemented and dot11QBSSLoadImplemented and dot11VHTOptionImplemented are true.


7.3.2 Information elements
TGac editor: Insert the following row in table 8-50, and renumber the reserved values accordingly:
Table 7-16—Element IDs
	Element
	Element ID
	Length (in octets)
	Extensible

	Extended VHT BSS Load 
	< ANA >
	7
	Yes


TGac editor: Change the section title of 7.3.2.63 as shown below:

7.3.2.63 Extended VHT BSS Load element
TGac editor: Replace VHT BSS load element format figure in Figure7-12 as shown:

	Element ID
	Length

(5)
	MU-MIMO Capable STA count
	Spatial Stream Under-Utilization
	Forty MHz Utilization
	Eighty MHz Utilization
	Hundred Sixty MHz Utilization

	Octets: 1
	1
	1
	1
	1
	1
	1


Figure 7-12—Extended BSS Load element format
TGac editor: On page 34 line 32, remove the Editor’s Note and insert a new paragraph as follows:

The MU-MIMO capable STA Count field indicates the total number of STAs with MU Rx capability currently associated with this BSS.
The Spatial Stream Under-Utilization field is defined as the fraction of time, linearly scaled with 255, that the AP has underutilized spatial domain resources for given busy time of the medium. When more than one channel is in use for the BSS, the spatial stream under-utility value is calculated only for the primary channel. This percentage is computed using the formula,
Spatial Stream Under-Utility = floor( (max_supported_ss* channel_busy_time – utilized_ss_time)/(channel_busy_time* max_supported_Nss) ) × 255),
where

channel_busy_time is defined to be the number of microseconds during which the CS mechanism, as defined in 9.2.0b.2 (CS mechanism) has indicated that the channel is busy.
utilized_ss_time is defined to be 
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, where Ti is the time interval during which the CS mechanism has indicated channel busy indication due to transmission of MU-MIMO PPDU by the AP, NSTS,i is the number of spatial stream transmitted at the time interval Ti, N is the number of time intervals.

max_supported_Nss is defined to be the maximum number of spatial streams indicated by the Number of Sounding Dimensions subfield of the VHT Capabilities Info field of the AP.
The Forty MHz Utilization field is defined as the fraction of time, linearly scaled with 255, that the 40 MHz operating BSS Channel Width was busy. This percentage is computed using the formula,
Forty MHz Utilization = floor( (busy_bandwidth_40/channel_busy_time) × 255 ),


The Eighty MHz Utilization field is defined as the fraction of time, linearly scaled with 255, that the 80 MHz operating BSS Channel Width was busy. This percentage is computed using the formula,
Eighty MHz Utilization = floor( (busy_bandwidth_80/channel_busy_time) × 255 ),
The Hundred Sixty MHz Utilization field is defined as the fraction of time, linearly scaled with 255, that the 160 MHz or 80+80MHz operating BSS Channel Width was busy. This percentage is computed using the formula,
Hundred Sixty MHz Utilization = floor( (busy_bandwidth_160/channel_busy_time) × 255 ),
 where

channel_busy_time is defined to be the number of microseconds during which the CS mechanism, as defined in 9.2.0b.2 (CS mechanism) has indicated a channel busy indication.
busy_bandwidth_40, busy_bandwidth_80, and busy_bandwidth_160 are defined to be the number of microseconds during which the CS mechanism has indicated channel busy for the valid 40MHz, 80MHz, 160MHz channel respectively. 80+80MHz transmission shall be considered 160MHz during utility computation context. The 40MHz channel was detected to be busy by the CS mechanism when any of the primary or the secondary parameter of the channel-list indicates busy. The 80MHz channel was detected to be busy by the CS mechanism when any of the primary, the secondary, or the secondary40 parameter of the channel-list indicates busy. The 160MHz  channel was detected to be busy by the CS mechanism when any of the primary, the secondary, the secondary40, or secondary 80 parameter of the channel-list indicates busy.
The measurements in which Spatial Stream Under-Utilization field, Forty MHz Utilization field, Eighty MHz Utilization field, and Hundred Sixty MHz Utilization field are performed in dot11ChannelUtilizationBeaconIntervals, where dot11ChannelUtilizationBeaconIntervals represents the number of consecutive beacon intervals as described in 7.3.2.28 (BSS Load element).
If the AP indicates a channel width of 20 MHz, 40 MHz or 80 MHz in the Channel Width field in the VHT Operation element, then the Hundred Sixty MHz Utilization shall be reserved and set to 0. If the AP indicates a channel width of 20 MHz, or 40 MHz in the Channel Width field in the VHT Operation element, then the Eighty MHz Utilization field shall be reserved and set to 0. If the AP indicates a channel width of 20 MHz in the Channel Width field in the VHT Operation element, then the Forty MHz Utilization field shall be reserved and set to 0.



Abstract


Submission for Draft P802.11ac_D0.1 comment resolution. The document address various comments related to VHT BSS Load element, which in principle was agreed in TGac.





Submission addresses Draft P802.11ac_D0.1 comments 1260, 1443, 1444, 1529, 1530, 1259, 1042, 1458, 707, 1771, 771, and 1152.
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