
IEEE 802.16-14-0007-00-000q


	Project
	IEEE 802.16 Broadband Wireless Access Working Group <http://ieee802.org/16>

	Title
	Trigger Mechanism for DL Multi-BS Cooperative Transmission

	Date Submitted
	2014-01-17

	Source(s)
	Eunkyung Kim, Jaesun Cha, Jae-Joon Park, Hyun Lee, Kwangjae Lim, Sungcheol Chang
ETRI
	E-mail: ekkim@etri.re.kr 
*<http://standards.ieee.org/faqs/affiliationFAQ.html>

	Re:
	In response to Call for Contributions on P802.16q Multi-tier Networks toward IEEE 802.16 Session #89

	Abstract
	Proposal regarding interference management for IEEE 802.16q on Multi-tier Networks, focusing on the multi-BS cooperative transmission

	Purpose
	To discuss and adopt the proposed text in Amendment Working Document (AWD) on IEEE 802.16q Multi-tier Networks

	Notice
	This document does not represent the agreed views of the IEEE 802.16 Working Group or any of its subgroups. It represents only the views of the participants listed in the “Source(s)” field above. It is offered as a basis for discussion. It is not binding on the contributor(s), who reserve(s) the right to add, amend or withdraw material contained herein.

	Release
	The contributor grants a free, irrevocable license to the IEEE to incorporate material contained in this contribution, and any modifications thereof, in the creation of an IEEE Standards publication; to copyright in the IEEE’s name any IEEE Standards publication even though it may include portions of this contribution; and at the IEEE’s sole discretion to permit others to reproduce in whole or in part the resulting IEEE Standards publication. The contributor also acknowledges and accepts that this contribution may be made public by IEEE 802.16.

	Patent Policy
	The contributor is familiar with the IEEE-SA Patent Policy and Procedures:

<http://standards.ieee.org/guides/bylaws/sect6-7.html#6> and <http://standards.ieee.org/guides/opman/sect6.html#6.3>.

Further information is located at <http://standards.ieee.org/board/pat/pat-material.html> and <http://standards.ieee.org/board/pat>.


Trigger Mechanism 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 measurement of physical channel quality. 
Based on the measurement of physical channel quality, cooperative transmission may be triggered, which is TBD in the 802.16q AWD. Thus, this document provides the trigger mechanism of Multi-BS cooperative transmission.

Trigger procedure for multi-BS cooperative transmission

Multi-BS CT may be triggered based on the following procedures:

· Step1: PHY channel measurement and gathering the result of the measurement

· Step2: Checking whether to operate multi-BS cooperative transmission

· Step3: Decide to operate multi-BS cooperative transmission

· Step4: Data transmission

[Note: PHY channel measurement and data transmission are performed between BS and MS. Other procedures shall be cooperated among multiple BSs involving the multi-BS CT set.]

The triggering can be performed by either centralized or de-centralized, as follows:
· Centralized Trigger procedure for multi-BS cooperative transmission

Figure 1 shows an example of the procedure of centralized triggering to initiate multi-BS CT, where the physical channel may be measured using MAC management message.  As shown the example, “Checking whether to operate multi-BS cooperative transmission” and “Decide to operate multi-BS cooperative transmission” are performed in the IM controller (or IM coordinator). To check and decide to operate multi-BS CT, the BS1 forwards the gathered result of the PHY channel measurement from the MS to the IM controller. Upon receiving the information, the IM controller checks and decides the multi-BS CT operation. If the multi-BS CT operation needs to be initiated, the IM controller and BS(s) (BS2, BS3 in this example) negotiate to join the multi-BS CT via backhaul interface (using C-IM-REQ/RSP). As the result of cooperation among IM controller and BSs, those BSs (S-BS and N-BS(s)) perform the multi-BS CT.
Meanwhile, the BS capable of the check to multi-BS CT may checks whether multi-BS CT needs or not based on the gathered result of the PHY channel measurement from the MS as shown the Figure 2. 
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Figure 1 - Centralized Trigger Procedure of Multi-BS CT (example 1)
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Figure 2 - Centralized Trigger Procedure of Multi-BS CT (example 2)
· De-Centralized Trigger procedure for multi-BS cooperative transmission

Figure 3 shows an example of the procedure of triggering to initiate multi-BS CT. As shown the example, “Checking and decide whether to operate multi-BS cooperative transmission” is performed in the BS as a result of cooperation amongst BSs (BS1, BS2, and BS3 in this example). To check and decide to operate multi-BS CT, the BS1 requests to its neighbor BSs (BS2, and BS3). In response to the request, the neighbor BSs decide whether to join the multi-BS CT and respond to the BS1 with the result (e.g., 1) accept or 2) reject with the reason) via backhaul interface (using C-IM-REQ/RSP). As the result of cooperation among BSs, those BSs (S-BS and N-BS(s)) perform the multi-BS CT.
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Figure 3 – Decentralized Trigger Procedure of Multi-BS CT
Trigger condition for multi-BS cooperative transmission

To initiate/maintain multi-BS CT, we propose the trigger condition with the two thresholds:

1) threshold (Th0) – for the initiating multi-BS CT, 

2) threshold (Th1) – for single-BS precoding, and
3) threshold (Th2) – for multi-BS joint processing
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Figure 4 - Trigger condition for Multi-BS CT
Figure 4 shows the trigger condition using the thresholds for multi-BS CT. As shown the figure, BS may gather the information to trigger multi-BS CT as a part of physical channel measurement between MS and BS. Based on the gathered information, trigger condition is checked whether multi-BS CT operation needs to initiate if the following condition is met:

CINR of the S-BS < C_Th0 and/or RSSI of the S-BS < R_Th0.

The, if the value of CINR (and/or RSSI) is greater than the threshold (Th1), PMI coordination may performed as a part of single-BS precoding. Otherwise, if the number of neighbor BS, where CINR (and/or RSSI) of the neighbor BS’ is greater than the threshold (Th2), is at least one, joint processing is possible to initiate by S-BS and those N-BS(s). 
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[Remedy1: Change line#21, page 8 – line #47, page 11 in 6.3.2.3.103 in IEEE 802.16q AWD as follows:]

6.3.2.3.103 IM_CT-REQ (IM Multi-BS CT Request) message

An MS capable of Multi-BS CT transmits to request neighbor BS(s) to add or delete to/from Multi-BS CT candidate set. In addition, the MS transmits to request to trigger the Multi-BS CT operation.
The format of the message is shown in Table 6-227am.

Table 6-227am – IM_CT-REQ message format

	Syntax
	Size (bit)
	Notes

	IM_CT-REQ_Message_Format() {
	-
	-

	Management Message Type = 144
	8
	-

	Action Type
	8
	Used to indicate the purpose of this message.

Bit 0: Request to add the neighbor BS(s) to Multi-BS CT candidate set

Bit 1: Request to delete the neighbor BS(s) from Multi-BS CT candidate set

Bit 2: Request to update anchor BS 

Bit 3: Request to trigger Multi-BS CT

Bit 34-7: Reserved 

	Report metric
	8
	Bitmap indicating presence of certain metrics (threshold values) on which the corresponding triggers are based:

Bit 0: BS CINR mean

Bit 1: BS RSSI mean

Bit 2: Relative delay

Bit 3-7: Reserved; shall be set to zero.

	  if(Action Type[Bit 0] == 1 || Action Type[Bit 3] == 1) {
	-
	-

	N_Neighbor_BS_Index
	8
	Number of neighbor BS that are included in MOB_NBR-ADV message.

	if(N_Neighbor_BS_Index !=0) {
	-
	-

	Configuration change code for MOB_NBR-ADV
	8
	Configuration Change Count value of referring MOB_NBR_ADV message.

	   }
	-
	-

	for(i=0;i<N_Neighbor_BS_Index;i++) {
	-
	-

	Neighbor_BS_Index
	8
	BS index corresponds to position of BS in MOB_NBR-ADV message.

	if(Report metric[Bit 0] == 1) 
	-
	-

	BS CINR mean
	8
	-

	if(Report metric[Bit 1] == 1) 
	-
	-

	BS RSSI mean
	8
	-

	if(Report metric[Bit 2] == 1) 
	-
	-

	Relative delay
	8
	-

	}
	-
	-

	}
	-
	-

	N_Neighbor_BS_Full
	8
	Number of neighbor BS that are using full 48bits BSID.

	for(i=0;i<N_Neighbor_BS_Full;i++) {
	-
	-

	Neighbor BS ID
	48
	-

	if(Report metric[Bit 0] == 1) 
	-
	-

	BS CINR mean
	8
	-

	if(Report metric[Bit 1] == 1) 
	-
	-

	BS RSSI mean
	8
	-

	if(Report metric[Bit 2] == 1) 
	-
	-

	Relative delay
	8
	-

	}
	-
	-

	}
	-
	-

	N_Temp_BSID
	4
	Number of BSs in the Multi-BS CT candidate set.

	Reserved
	4
	Shall be set to zero.

	for(i=0;i<N_Temp_BSID;i++) {
	-
	-

	Temp BS ID
	4
	Member ID of the Multi-BS CT candidate set.

	Reserved
	4
	Shall be set to zero.

	if(Report metric[Bit 0] == 1) 
	-
	-

	BS CINR mean
	8
	-

	if(Report metric[Bit 1] == 1) 
	-
	-

	BS RSSI mean
	8
	-

	if(Report metric[Bit 2] == 1) 
	-
	-

	Relative delay
	8
	-

	}
	-
	-

	}
	-
	-

	  if(Action Type[Bit 1] == 1) {
	-
	-

	N_Temp_BSID
	4
	Number of BSs in the Multi-BS CT candidate set.

	Reserved
	4
	Shall be set to zero.

	for(i=0;i<N_Temp_BSID;i++) {
	-
	-

	Temp BS ID
	4
	Member ID of the Multi-BS CT candidate set.

	Reserved
	4
	Shall be set to zero.

	if(Report metric[Bit 0] == 1) 
	-
	-

	BS CINR mean
	8
	-

	if(Report metric[Bit 1] == 1) 
	-
	-

	BS RSSI mean
	8
	-

	if(Report metric[Bit 2] == 1) 
	-
	-

	Relative delay
	8
	-

	}
	-
	-

	}
	-
	-

	  if(Action Type[Bit 2] == 1) {
	-
	-

	Temp_BSID
	4
	Member ID of the Multi-BS CT candidate set.

	Reserved
	4
	Shall be set to zero.

	}
	-
	-

	  if(Action Type[Bit 3] == 1) {
	-
	-

	if(Report metric[Bit 0] == 1) 
	-
	-

	BS CINR mean
	8
	-

	if(Report metric[Bit 1] == 1) 
	-
	-

	BS RSSI mean
	8
	-

	if(Report metric[Bit 2] == 1) 
	-
	-

	Relative delay
	8
	-

	}
	
	

	}
	
	


The following parameter shall be included if action type [Bit 0], or [Bit 1], or [Bit3] is set to “1”:

[Remedy2: Change line#1 – line#35, page 13 in 6.3.2.3.104, IEEE 802.16q AWD as follows:]

6.3.2.3.104 IMT_CT-RSPIM_CT-RSP (IM Multi-BS CT Response) message

In response to the IM_CT-REQ, a BS transmits to request neighbor BS(s) to update Multi-BS CT candidate set and anchor BS. In addition, a BS transmits a response of the trigger the Multi-BS CT operation from the MS.
The format of the message is shown in Table 6-227an.

Table 6-227an – IM_CT-RSP message format

	Syntax
	Size (bit)
	Notes

	IM_CT-RSP_Message_Format() {
	-
	-

	Management Message Type = 145
	8
	-

	Action Type
	8
	Used to indicate the purpose of this message.

Bit 0: Anchor BS update

Bit 1: Multi-BS CT candidate set update

Bit 2: CID update during anchor BS update or Multi-BS CT candidate set update

Bit 3: Temp BS ID update

Bit 4: Trigger response

Bit 45-7: Reserved 

	if(Action Type[Bit 0] == 1) {
	-
	-

	……
	
	

	}
	
	


[Remedy3: Insert the flowing rows at the end of Table 11-19, section 11.4.1 in IEEE 802.16q AWD as follows:]

	CT_CINR_Th0
	xxx
	1
	Threshold used by the MS to initiate report the physical channel quality of the serving BS. When CINR of the serving BS is lower than CT_CINR_Th0, the MS should send IM_CT-REQ message to request initiate multi-BS CT, including CINR of the serving BS. It is in the unit of decibels. If the BS does not support Multi-BS CT, this value is not set. 
	OFDMA

	CT_RSSI_Th0
	xxx+1
	1
	Threshold used by the MS to initiate report the physical channel quality of the serving BS. When RSSI of the serving BS is lower than CT_RSSI_Th0, the MS should send IM_CT-REQ message to request initiate multi-BS CT, including CINR of the serving BS. It is in the unit of dBm. If the BS does not support Multi-BS CT, this value is not set. 
	OFDMA

	CT_CINR_Th1
	xxx
	1
	Threshold used by the MS to initiate report the physical channel quality a neighbor BS in the Multi-BS CT candidate set. When the CINR of a neighbor BS is higher than CT_CINR_Th1, the MS should send IM_CT-REQ, including BSID (or Temp BSID) and CINR of the N-BS. This threshold is used for Multi-BS CT operation. It is in the unit of decibels. If the BS does not support Multi-BS CT, this value is not set.
	OFDMA

	CT_RSSI_Th1
	xxx+1
	1
	Threshold used by the MS to initiate report the physical channel quality a neighbor BS in the Multi-BS CT candidate set. When the CINR of a neighbor BS is higher than CT_RSSI_Th1, the MS should send IM_CT-REQ, including BSID (or Temp BSID) and RSSI of the N-BS. This threshold is used for Multi-BS CT operation. It is in the unit of dBm. If the BS does not support Multi-BS CT, this value is not set.
	OFDMA

	CT_CINR_Th2
	xxx
	1
	Threshold used by the MS to initiate report the physical channel quality of the serving BS. When CINR of the serving BS is higher than CT_CINR_Th2, the MS should send IM_CT-REQ message to request initiate multi-BS CT, including CINR of the serving BS. It is in the unit of decibels. If the BS does not support Multi-BS CT, this value is not set. 
	OFDMA

	CT_RSSI_Th2
	xxx+1
	1
	Threshold used by the MS to initiate report the physical channel quality a neighbor BS in the Multi-BS CT candidate set. When the CINR of a neighbor BS is higher than CT_CINR_Th2, the MS should send IM_CT-REQ, including BSID (or Temp BSID) and RSSI of the N-BS. This threshold is used for Multi-BS CT operation. It is in the unit of dBm. If the BS does not support Multi-BS CT, this value is not set.
	OFDMA


[Remedy4: Change line#10 – line#13, page 42 in 14.2.13.1.2.2, IEEE 802.16q AWD as follows:]

CT Add Threshold,

CT Delete Threshold,

CT_C_Th0 Threshold,

CT_R_Th0 Threshold,

CT_C_Th1 Threshold,

CT_R_Th1 Threshold,

CT_C_Th2 Threshold,

CT_R_Th2 Threshold,

Action Time, 

[Remedy5: Change line#6 – line#13, page 44 in 14.2.13.1.2.2, IEEE 802.16q AWD as follows:]

CT Add Threshold

Indicates the threshold values to add the neighbor BS to the multi-BS candidate set.

CT Delete Threshold

Indicates the threshold values to delete the neighbor BS from the multi-BS candidate set.

CT_C_Th0 Threshold

Indicates the CINR threshold values to initiate a multi-BS operation.

CT_R_Th0 Threshold

Indicates the RSSI threshold values to initiate a multi-BS operation.

CT_C_Th1 Threshold

Indicates the CINR threshold values to initiate a single-BS precoding.

CT_R_Th1 Threshold

Indicates the RSSI threshold values to initiate a single-BS precoding.

CT_C_Th2 Threshold

Indicates the CINR threshold values to initiate a multi-BS joint processing.

CT_R_Th2 Threshold

Indicates the RSSI threshold values to initiate a multi-BS joint processing.

Action Time

Denotes the time to start this action.

[Remedy6: Change line#46-48, page 48 in IEEE 802.16q AWD as follows:]

Response Type,

Update Type,

Update Result,

Result Reason,

Re-request Time,

Multi-BS CT ID,

[Remedy7: Change line#22-47, page 49 in IEEE 802.16q AWD as follows:]

Update Type

Type of update; bitmap:

· Bit 0: Anchor BS update

· Bit 1: Multi-BS CT candidate set update

· Bit 2: CID update during anchor BS update or Multi-BS CT candidate set update

· Bit 3: Temp BS ID update

· Bit 4: Multi-BS CT Trigger

Update Result

Indicates the result of the operation indicated by the Update Type parameter included in the received C-IM-REQ primitives. This parameter may include “success”, “failure”, or “re-request” 

Result Reason

Indicates a reason for “failure” or “re-request.” This parameter is included in this primitive only when the “Update Result” in this primitive is set to “failure” or “re-request”

Re-request Time

Indicates a time to re-request the C-IM-REQ. This parameter may be included in this primitive only when the “Update Result” in this primitive is set to “re-request”

When Update Result is set to “success”, following attributes are valid:


Multi-BS CT ID

Indicates identifier of the Multi-BS CT.

Anchor Temp BSID

Temp BS ID of the anchor BS, which is the member ID of the Multi-BS CT set.

N_Temp_ID

The counter of the Temp BSID. 

Temp BSID

Member identifier of the Multi-BS CT candidate set.

N_CID

The counter of the CID.

CID

Connection identifier.


When Response Type is set to “PHY report” and Update Result is set to “success”, following attribute lists are valid:

MS MAC Address

48-bit unique identifier of the MS. 

[Remedy8: Change line#57-63, page 55 in 14.2.13.3.3.2, IEEE 802.16q AWD as follows:]

Indication Type

Type of indication; bitmap:

· Bit 0: Anchor BS update

· Bit 1: Multi-BS CT candidate set update

· Bit 2: CID update during anchor BS update or Multi-BS CT candidate set update

· Bit 3: Temp BS ID update
· Bit 4: Trigger for Multi-BS CT
[Remedy9: Change line#36-57, page 69 in 17.3.2.1.10, IEEE 802.16q AWD as follows:]

17.3.2.1.9 Channel quality measurement and report
When an MS is requested to measure and report the channel quality, the MS shall measure and report the channel quality of the serving BS and/or its neighbor BS(s). When a BS capable of providing cooperative transmission receives the report of the channel quality from the MS, the BS reports the channel quality the to the coordinator, if certain conditions are met as defined in 17.3.2.1.10. Reported channel quality by the BS includes the channel qual​ity of the BS itself and the neighbor BS(s).

When an servingBS a serving BS requests a subordinate MS to scan the neighbor BS(s) which are participating in cooper​ative transmission, the MS scans and reports the channel measurement result to the serving BS, if certain conditions are met as defined in 17.3.2.1.10.

[Remedy10: Change 17.3.2.1.10 in IEEE 802.16q AWD as follows:]

17.3.2.1.1 Trigger conditions
[Note: In this subclause, trigger conditions for DL multi-BS MIMO will be provided.]

Based on the physical channel quality measurement and report as defined in 17.3.2.1.9, the serving BS and its neighbor BS(s) in the Multi-BS CT candidate set may transmit data to the MS cooperatively, as a result of the cooperation.
To decide to operate the multi-BS CT, the thresholds (i.e., CT_C_Th0, CT_R_Th0, CT_C_Th1, CT_R_Th1, CT_R_Th2, CT_C_Th2 thresholds) are used. CT_C_Th0 and CT_R_Th0 are thresholds to decide to initiate multi-BS CT operation and CT_C_Th1, CT_R_Th1, CT_C_Th2, and CT_R_Th2 are thresholds to check and determine the multi-BS scheme between DL single-BS precoding and DL multi-BS joint processing as defined in 17.3.2.1.6 and 17.3.2.1.7, respectively. The operation procedure of the multi-BS cooperative transmission trigger follows the steps below:

a) PHY channel quality of S-BS and N-BS(s) is measured. Based on the request from the BS, the MS measures the physical channel quality as defined in 6.3.16, 6.3.20.1.2 and/or 17.3.2.1.9 or transmits UL sounding signals as defined in 8.4.6.2.7 for the sounding based estimation as defined in 17.3.2.1.9.2. 
b) The measurement result of the physical channel quality is gathered. The BS forwards the gathered information (such as CINR, RSSI, BSID) to the IM coordinator through C-SAP/M-SAP via backhaul link. 
c) Multi-BS cooperation is performed among the serving BS and its neighbor BS(s), including IM coordinator through C-SAP/M-SAP via backhaul link. Multi-BS CT operation is determined to initiate based on the gathered information. When long-term CINR and/or RSSI of the S-BS are less than CT_C_Th0 and CT_R_Th0 threshold, respectively, multi-BS CT may be initiated. If at least one CINR and/or RSSI of N-BS(s) is more than CT_C_Th1 and CT_R_Th1 threshold, respectively, PMI coordination may be initiated. Otherwise, if at least one CINR and/or RSSI of N-BS(s) is more than CT_C_Th2 and CT_R_Th2 threshold, respectively, joint processing may be initiated. During the cooperation, the IM coordinator may request to a BS to initiate Multi-BS CT operation. In response to the request from the IM coordinator, the BS accepts the request, rejects with the reason (e.g., heavy traffic load), or requests to delay (re-request) the multi-BS CT operation.
d) Those BSs (S-BS and N-BS(s)) transmits data to the MS cooperatively. 
In addition, a S-BS may send the list of the neighbor BS(s) including the report metric, condition to a subordinate MS, and request a subordinate MS to measure the physical channel quality of the neighbor BS(s). The BS supporting Multi-BS CT shall broadcast the DCD message that may include the CT_CINR_Th0 Threshold, CT_CINR_Th1 Threshold, and CT_CINR_Th2 Threshold. In response to the request, the MS reports the channel measurement of the requested BS(s), if the CINR (RSSI) of the S-BS is less than CT_CINR_Th0 (CT_RSSI_Th0) and/or the CINR (RSSI) of the N-BS is more than CT_CINR_Th1 (CT_RSSI_Th1) and/or CT_CINR_Th2 (CT_RSSI_Th2). 
[-------------------------------------End of Text Proposal---------------------------------------------------]

 

