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Multi-BS Cooperation for DL Multi-BS Cooperative Transmission
Eunkyung Kim, Jaesun Cha, Jae-Joon Park, Hyun Lee, Kwangjae Lim, Sungcheol Chang
ETRI

Overview

The 802.16q amendment shall be developed in accordance with the P802.16q project authorization request (PAR) with its accompanying Five Criteria Statement[2]. The scope of the resulting project includes “MAC/PHY protocol enhancements for cooperation among base stations in multi-tier networks to enhance interference mitigation.” All contents regarding interference management included in the 802.16q amendment shall meet requirements in [3]. Multi-BS cooperative transmission is defined as one of promised operations for “interference management” in the 802.16q amendment working document (AWD)[4], including single-BS precoding and multi-BS joint processing. 
In order to support multi-BS cooperative transmission, this document provides how to cooperate among multiple BSs for DL single-BS precoding and DL multi-BS joint processing, including air interface and the service primitives via backhaul link. 
Single-BS precoding procedure for multi-BS cooperative transmission

Figure 1 shows an example of single-BS precoding with multi-BS coordination. Figure 2 shows an example of the procedure for single-BS precoding with multi-BS coordination. As shown the figures, single-BS precoding may be performed based on the following procedures:

· Gathering physical channel measurement
· MS measures/feedbacks the downlink channel state information (CSI), including restricted PMI using IM Multi-BS CT PHY Channel Measurement Request/Response (IM_CT-CH-REQ/RSP) message.
· Physical channel measurement may also be performed based on the sounding based estimation as defined in 17.3.2.1.9.2 in 80216q AWD. 
· BS decides to 1) forward the gathered info. (as a part of cooperation) and/or 2) schedule the MS based on the result of the measurement on the downlink channel. 
· Trigger whether to operate the cooperation for single-BS precoding is proposed in [5]. 
· Multi-BS coordination to avoid interfering other cells
· C-IM-REQ/RSP are exchanged among BSs, including IM controller (or coordinator) via backhaul link

· C-IM-REQ transmitted from IM controller may include following parameters:
· Feedback type + expected information to report (e.g., channel info., PMI, …)

· Report condition  

· In response to the C-IM-REQ, C-IM-RSP transmitted from BS and it may include following parameters:

· Measured (gathered) information of physical channel state information

· (restricted) PMI for PMI coordination

· resource usage information (optionally to assist coordination)

· As a result of coordination, information (e.g., PMI and resource) to perform single-BS precoding is exchanged.

· Each BS performs single-BS precoding
· A BS performs STC encoding locally by using the STC matrix as defined by STC_DL_Zone_IE (or MIMO DL Basic IE or MIMO DL Enhanced IE or HARQ MAP) for its single-BS percoding, configured by the IM coordinator. When the BS performs STC encoding, the BS precodes with/without the recommended/restricted PMI for a certain amount of time till next configuration.
· An MS perform received the precoded data defined the DL control, and the MS shall demodulate signal in the same procedure as defended in 8.4.8 in IEEE Std. 802.16[1]. 

· In addition, BS may resolves conflicted request (due to several restricted PMIs)

· It is up to scheduling using adaptive precoding between MS and BS. For example,

· 1) BS schedules whole frequency bands without the restricted PMI; 

· 2) BS does not schedule (or schedule with low priority) the MS which reports the restricted PMI.
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Figure 1 - Single-BS precoding with multi-BS coordination (example)
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Figure 2 – Procedure for Single-BS precoding with Multi-BS coordination (example)
Multi-BS joint processing procedure for multi-BS cooperative transmission

Figure 3 shows an example of multi-BS joint processing with multi-BS coordination. Figure 4 and Figure 5 show examples of the procedure for joint processing with multi-BS coordination, based on feedback based measurement and sounding based, respectively. As shown the figures, multi-BS joint processing may be performed based on the following procedures:

· Gathering physical channel measurement
· Downlink channel measurement is the same as that of single-BS precoding (see above single-BS precoding procedure). 
· BS decides to 1) forward the gathered info. (as a part of cooperation) and/or 2) schedule the MS based on the result of the measurement on the downlink channel. 
· Trigger whether to operate the cooperation for joint processing is proposed in [5].
· Multi-BS coordination to transmit cooperatively
· C-IM-REQ/RSP are exchanged among BSs, including IM controller (or coordinator) via backhaul link

· C-IM-REQ transmitted from IM controller may include following parameters:

· Feedback type + expected information to report (e.g., channel info., PMI, …)

· Report condition  

· In response to the C-IM-REQ, C-IM-RSP transmitted from BS and it may include following parameters:

· Measured (gathered) information of physical channel state information

· (restricted/recommended) PMI for PMI coordination

· resource usage information (optionally to assist coordination)

· As a result of coordination, information (e.g., PMI and resource) to perform joint processing is exchanged.

· BSs serve MS jointly
· A BS performs STC encoding by using the STC matrix as defined by STC_DL_Zone_IE (or MIMO DL Basic IE or MIMO DL Enhanced IE or HARQ MAP) for its assigned antenna configuration, configured by the IM coordinator. When the BS performs STC encoding, the BS precodes with the recommended (or assigned) PMI for a certain amount of time till next configuration.

· An MS perform received the precoded data defined the DL control, and the MS shall demodulate signal in the same procedure as defended in 8.4.8 in IEEE Std. 802.16[1] if the MS does not receive MIMO_in_Another_BS_IE() or Macro_DL_Basic_IE(). In the case of that the same data are transmitted from multiple BSs in the same data regions, and then the MS performs RF or diversity combining. In addition, MS shall perform soft data combing when it receive MIMO_in_Another_BS_IE(), where the same data are transmitted in the same or different data region. 
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Figure 3 – Multi-BS Joint Processing (example)
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Figure 4 – Procedure for Multi-BS Joint Processing (feedback based measurement)
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Figure 5 – Procedure for Multi-BS Joint Processing (sounding based measurement)
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Proposed Text on Amendment Working Document (AWD) of IEEE 802.16q
[Editorial instruction]

· Black text: the text is existing in the base standard

· Red text: with strike-through: the texts is removed from the amendment standard

· Blue text without underline: the text is added in the amendment standard without underline

· Blue text with underline: the text is added in the amendment standard and underline shall be added under the added text

[-------------------------------------Start of Text Proposal---------------------------------------------------]
[Remedy1: Change line#10 – line#18, page 42 in 14.2.13.1.2.2, IEEE 802.16q AWD as follows:]

Report type,

ReportREport Characteristics,
Report Period P,

Report Threshold for CINR RT_CINR,
Report Threshold for RSSI RT_RSSI, 
Absolute Report High Threshold for CINR ARHT_CINR,

Absolute Report Low Threshold for RSSI ARLT_RSSI,
MS MAC Address,

[Remedy2: Change line#6 – line#41, page 44 in 14.2.13.1.2.2, IEEE 802.16q AWD as follows:]

When Request Type is set to “Report status”, following attribute lists are valid:

Report type

Indicates the type to report the status:

· report the link level quality for a specific MS

Report Characteristics

Indicates whether the report shall be sent periodically, or event driven.

· Bit 0: Periodically as defined by report period P.

· Bit 1: regularly whenever resource has changed as defined by RT since the last report.

· Bit 2: Change of IM RMCT configuration (set the partition). This report shall be given whenever any of the parameters (Request type [bit 0] is set to “set the Multi-BS CT”) at the BS have changed.

· Bit 3: Report shall be given per permutation zone.
· Bit 4: Report shall include recommended PMI

· Bit 5: Report shall include restricted PMI

Report Period P

The Time P is used by the BS as reporting period for producing the information requested by the NCMS.

Report Threshold for CINR RT_CINR
The threshold value RT shall be used by the BS to send another report as soon as value of the CINR to report increases by more than that threshold value or decreases by less than that threshold value.
Report Threshold for RSSI RT_RSSI
The threshold value RT shall be used by the BS to send another report as soon as value of the RSSI to report increases by more than that threshold value or decreases by less than that threshold value.
Absolute Report High Threshold for CINR ARHT_CINR
The threshold value RT shall be used by the BS to send another report as soon as value to report is greater than that threshold value.

Absolute Report Low Threshold for CINR ARLT_CINR
The threshold value RT shall be used by the BS to send another report as soon as value to report is less than that threshold value.
Absolute Report High Threshold for RSSI ARHT_RSSI
The threshold value RT shall be used by the BS to send another report as soon as value to report is greater than that threshold value.

Absolute Report Low Threshold for RSSI ARLT_RSSI
The threshold value RT shall be used by the BS to send another report as soon as value to report is less than that threshold value.
MS MAC Address

48-bit unique identifier of the MS. Only valid when the report type is for “report the link level quality for a specific MS”

[Remedy4: Change line#58, page 48 – line#11, page 49 in 14.2.13.2.2.2, IEEE 802.16q AWD as follows:]

list of PHY Report Attributes:

(

MS MAC Address,
list of PHY Report of the MS Atrributes:

(

Temp BSID for PHY report,

Downlink Physical Service Level,

Downlink RSSI mean,

Downlink RSSI standard deviation,

Downlink CINR mean,

Downlink CINR standard deviation,

Uplink Physical Service Level,

Uplink RSSI mean,

Uplink RSSI standard deviation,

Uplink CINR mean,

Uplink CINR standard deviation,
Restricted PMI
)
Recommended PMI

)

)

[Remedy5: Insert the following text at the end of subclause in 14.2.13.2.2.2 (line#17, page50), IEEE 802.16q AWD:]

Restricted PMI
Recommend list of PMI not to precode in the BS (corresponding to the member BS whose member ID is the Temp BSID)
Recommended PMI

Recommend list of PMI to precode in the BS
[Remedy6: Change 14.2.13.3.2.2, in page54-55, IEEE 802.16q AWD as follows:]
14.2.13.3.2.2 Semantics
C-IM-IND

(

Event_type = IM_CT_Report,

Destination: NCMS,

Attribute_list:

Indication Type,

List of PHY Report Attributes:

(

MS MAC Address,
List of PHY Report of the MS Attributes:
(
Temp BSID for PHY report,

Downlink Physical Service Level,

Downlink RSSI mean,

Downlink RSSI standard deviation,

Downlink CINR mean,

Downlink CINR standard deviation,

Uplink Physical Service Level,

Uplink RSSI mean,

Uplink RSSI standard deviation,

Uplink CINR mean,

Uplink CINR standard deviation,

Restricted PMI

)
Recommended PMI
)

)

Indication Type

Type of report profiles:

PHY Report

When Indication Type is set to “PHY report”, following attribute lists are valid:

MS MAC Address

48-bit unique identifier of the MS. 

Temp BSID for PHY report

Member identifier of the Multi-BS CT set for PHY report

Downlink Physical Service Level

Channel rate available for the MS calculated as a multiple of 1/32 of nominal bandwidth in the correspondent direction assuming 1 bit/Hz. For example, if DL channel bandwidth is 10 MHz, value PSL=4 means 4 × 1/32 ×10 Mbps = 1.25 Mbps. 1 PSL 96 (Number of subchannels in different OFDMA modes is multiple of 16 or 32; highest modulation (QAM64) provides 3 bits/Hz)

Downlink RSSI mean

As specified in 8.1.9.

Downlink RSSI standard deviation

As specified in 8.1.9.

Downlink CINR mean

As specified in 8.1.9.

Downlink CINR standard deviation

As specified in 8.1.9.

Uplink Physical Service Level

Channel rate available for the MS calculated as a multiple of 1/32 of nominal bandwidth in the correspondent direction assuming 1 bit/Hz. (see definition of Downlink Physical Service Level)

Uplink RSSI mean

As specified in 8.1.9.

Uplink RSSI standard deviation

As specified in 8.1.9.

Uplink CINR mean

As specified in 8.1.9.

Uplink CINR standard deviation

As specified in 8.1.9.

Restricted PMI

Recommend list of PMI not to precode in the BS (corresponding to the member BS whose member ID is the Temp BSID)
Recommended PMI

Recommend list of PMI to precode in the BS
[Remedy7: Change line#41-44, in page 67, 17.3.2.1.4, IEEE 802.16q AWD as follows:]

An MS shall demodulate signal in the same procedure as define in 8.4.8. If if an MS does not receive MIMO_in_Another_BS_IE() or Macro_MIMO_DL_Basic_IE(), the. The same data are transmitted from multiple BSs in the same data regions, and then the MS performs RF or diversity combining.

[Remedy8: Change 17.3.2.1.6-17.3.2.1.7, in page 68, IEEE 802.16q AWD as follows:]

17.3.2.1.6 DL single-BS precoding with multi-BS coordination
When DL single-BS precoding with multi-BS coordination is enabled, interference from adjacent BSs is mitigated by coordinating the precoders applied in the adjacent BSs.
Two types of single-BS precoding with multi-BS coordination may be supported. One is interference nulling and the other is PMI coordination, which are supported by channel feedback as defined in 17.3.2.1.8.

Single-BS precoding with multi-BS coordination may be enabled by the BS for one or several MSs, the inter-cell interference can be mitigated by coordinating the precoders applied in neighbor cells via higher layer signaling, based on the feedback from MSs to their respective serving BSs.

Inter-cell interference nulling can be done using overhearing neighboring cell’s sounding signal to generate the precoding matrix that nulls the interference to neighboring cells.
DL single-BS precoding with multi-BS coordination may be performed as follows:

a) PHY channel quality of serving BS and neighbor BS(s) is measured using IM Multi-BS CT PHY Channel Measurement Request/Response (IM_CT-CH-REQ/RSP) message (see 6.3.2.3.105, 6.3.2.3.106) and/or using the sounding based estimation 17.3.2.1.9, and the result of the measurement is gathered. Restricted (and/or recommended) PMI may be included in the IM_CT-CH-RSP or be estimated in the BS based on the UL sounding signals from the MS. Then, the BS decides to forward the gathered info. (as a part of cooperation) and/or schedule the MS based on the result of the measurement on the downlink channel. 

b) Multi-BS cooperation is performed to avoid interfering other cells among serving BS and neighbor BS(s), including IM coordinator (controller) through C-SAP/M-SAP via backhaul link. The cooperation for single-BS precoding is triggered, if the certain condition is met as defined in 17.3.2.1.10. Service Primitives (e.g., C-IM-REQ/RSP in 14.2.13.1 and 14.2.13.2) are exchanged among those BSs and IM controller, including following steps:
1) IM controller may request a BS to report the gathered result of the PHY channel measurement, including feedback type, expected information to report (e.g., channel info., PMI), and report condition.
2) In response to the request, a BS reports the corresponding measured (gathered) information of physical channel state information including PMI list for PMI coordination if the report condition is met. In addition, resource usage information may also be reported to assist coordination.
3) As a result of coordination, information (e.g., PMI and resource) to perform single-BS precoding is exchanged.

c) Each BS performs single-BS precoding. A BS performs STC encoding locally by using the STC matrix as defined by STC_DL_Zone_IE (or MIMO DL Basic IE or MIMO DL Enhanced IE or HARQ MAP) for its single-BS percoding, configured by the IM coordinator. When the BS performs STC encoding, the BS precodes with the recommended PMI, and/or without the restricted PMI for a certain amount of time till next configuration. An MS perform received the precoded data defined the DL control, and the MS shall demodulate signal in the same procedure as defended in 8.4.8. In addition, BS may resolve conflicted request (due to several restricted PMIs) using adaptive precoding between MS and BS. For example, a BS schedules whole frequency bands without the restricted PMI, and a BS does not schedule (or schedule with low priority) the MS reporting the restricted PMI.

17.3.2.1.7 DL multi-BS joint processing
When DL multi-BS joint processing is enabled, radio resource allocation, data mapping, and pilot pattern allocation shall be aligned among coordinating BSs. The same data packet is transmitted by the coordinating BSs on the same time and frequency resources. 

Two types of multi-BS joint processing may be supported. One is for a single MS served jointly by multiple coordination BSs and the other is for several MSs served jointly by the multiple coordinating BSs, which are supported by channel feedback as defined in 17.3.2.1.8.

To support multi-BS joint processing enabled by the BS for one or multiple MSs, adaptive precoding may be applied in the serving and neighboring cells and user data is shared among those multiple cells. 
DL multi-BS joint processing may be performed as follows:

a) PHY channel quality of serving BS and neighbor BS(s) is measured using IM Multi-BS CT PHY Channel Measurement Request/Response (IM_CT-CH-REQ/RSP) message (see 6.3.2.3.105, 6.3.2.3.106) and/or using the sounding based estimation 17.3.2.1.9, and the result of the measurement is gathered. Restricted (and/or recommended) PMI may be included in the IM_CT-CH-RSP or be estimated in the BS based on the UL sounding signals from the MS. Then, the BS decides to forward the gathered info. (as a part of cooperation) and/or schedule the MS based on the result of the measurement on the downlink channel. 

b) Multi-BS cooperation is performed to transmit data cooperatively among serving BS and neighbor BS(s), including IM coordinator (controller) through C-SAP/M-SAP via backhaul link. The cooperation for single-BS precoding is triggered, if the certain condition is met as defined in 17.3.2.1.10. Service Primitives (e.g., C-IM-REQ/RSP in 14.2.13.1 and 14.2.13.2) are exchanged among those BSs and IM controller, including following steps:

1) IM controller may request a BS to report the gathered result of the PHY channel measurement, including feedback type, expected information to report (e.g., channel info., PMI), and report condition.

2) In response to the request, a BS reports the corresponding measured (gathered) information of physical channel state information including PMI list for PMI coordination if the report condition is met. In addition, resource usage information may also be reported to assist coordination.
3) As a result of coordination, information (e.g., PMI and resource) to perform multi-BS joint processing is exchanged.
c) Multiple BSs serve MS jointly. A BS performs STC encoding by using the STC matrix as defined by STC_DL_Zone_IE (or MIMO DL Basic IE or MIMO DL Enhanced IE or HARQ MAP) for its assigned antenna configuration, configured by the IM coordinator. When the BS performs STC encoding, the BS precodes with the recommended (or assigned) PMI for a certain amount of time till next configuration. An MS perform received the precoded data defined the DL control, and the MS shall demodulate signal in the same procedure as defended in 8.4.8 if the MS does not receive MIMO_in_Another_BS_IE() or Macro_DL_Basic_IE(). In the case of that the same data are transmitted from multiple BSs in the same data regions, and then the MS performs RF or diversity combining. In addition, MS shall perform soft data combing when it receive MIMO_in_Another_BS_IE(), where the same data are transmitted in the same or different data region. 

[Remedy9: Delete 17.3.2.1.8.4 (line#36-41 in page 69), IEEE 802.16q AWD]

 [-------------------------------------End of Text Proposal---------------------------------------------------]

 

