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Enhanced DL MIMO Feedback on Relay Links

Alexander Maltsev, Alexey Khoryaev, Alexei Davydov, 
Andrey Chervyakov, Mikhail Shilov 

Intel Corporation

1. Introduction
This contribution proposes modifications to the current amendment text describing enhanced DL MIMO feedback support on relay links and to be included in the 802.16m amendment draft [1]. The proposed text is developed so that it is compliant to the 802.16m SRD [2] and the 802.16m SDD [3], and it follows the style and format guidelines in [4].
It is well-known that deployment of relay stations may provide significant performance gain to system spectral efficiency. The main improvement comes from the fact that data on relay links are transmitted with much higher average spectral efficiency and thus the whole system spectral efficiency is increased substantially. So the quality of relay links is a key design factor for the system supporting relay stations.
The efficient approach to achieve the highest spectral efficiency on relay links is to use closed-loop SU-MIMO and MU-MIMO modes for data transmission. If two or more ARSs are deployed in the ABS sector then a significant gain (proportional to the number of deployed ARSs) can be achieved if MU-MIMO mode is effectively applied. It is well known that performance of closed loop MU-MIMO techniques is sensitive to the accuracy of feedback information (precoding vectors) sent from ARS to ABS. Insufficient precision of precoding vectors leads to high level of inter-user (inter-stream) interference, that limits performance especially in high SNR regions, which is a typical scenario/assumptions for relay links. There are several factors that may lead to poor accuracy of precoding vectors. The first one is channel time variation which is tightly coupled with feedback delay. If feedback delay is large then precoding vector feedback information may be outdated. However for stationary ARSs and feedback delays of 10-40 ms this factor does not lead to performance degradation due to very low Doppler fading of the channel on relay links (Doppler frequency is ~0.7 Hz). The second factor is the frequency selectivity error. This source of error is due to usage of one precoding vector for the group of adjacent subcarriers that may experience relatively high frequency selectivity variation. In current version of the IEEE 802.16m standard it is assumed that one PMI is transmitted per sub-band (the set of 72 adjacent subcarriers). This approach is technically correct if it is applied to AMSs, operating in MU-MIMO or SU-MIMO modes, and can be justified by feedback amount reduction and the fact that majority of AMSs do not operate at highest rates due to mobility, inter-cell interference and link budget factors. However if it is applied on relay links then the performance degradation may be observed at high SNR regions especially in MU-MIMO modes. In order to check the required frequency resolution in application to relay links the simulation analysis was conducted for closed loop MU-MIMO mode. The results were compared for 3 types of PMI frequency resolution: 

1) Feedback of SVD vector corresponding to maximum singular value at each subcarrier;
2) Feedback of one PMI per subband (72 subcarriers);

3) Feedback of four PMIs per subband (one PMI per PRU).

The scenario with 2 below roof top ARSs per ABS sector was evaluated [5]. The main link level parameters used in evaluation are listed in Table 1 and PER simulation results are shown in Figure 1 and Figure 2 for medium and high code rates respectively. It can be seen that at high SNR region the feedback of one PMI per subband leads to ~3 dB performance degradation relative to feedback of SVD precoding vector at each subcarrier. The proposed feedback mechanism with frequency resolution equal to 4 PMIs per subband improves performance by 2 dB at high SNR region comparing to existing approach specified in IEEE 802.16m D2.

Table 1
	System Configuration
	10 MHZ, 1024 FFT, 2.4 GHz

	ARS position: 
	2 BRT relays [5]

	Channel Model
	IMT UMa NLOS [6]

	Antenna configurations
	4 TX antennas at the BS and 2 RX antennas at the ARS

0.5 wavelength antenna spacing on TX and RX

	Transmit Precoding
	ZF based MU-MIMO with

1) Feedback of SVD vector corresponding to maximum singular value at each subcarrier;

2) Feedback of one PMI per subband (72 subcarriers);

3) Feedback of four PMIs per subband (one PMI per PRU).



	Receiver 
	MMSE

	RU type:
	Localized CRU with best-1 subband scheduling
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Figure 1. MU-MIMO with 2 ARSs for medium code rates
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Figure 2 MU-MIMO with 2 ARSs for high code rates
Summary
In this contribution we propose to enhance performance of CL MIMO modes on relay links by introducing MIMO feedback mechanism reporting 4 PMIs per subband on relay links. Due to existing limitations on the size of fast feedback channels, we propose to enable enhanced feedback on relay links by adopting Feedback Polling A-MAP IE and AAI_SingleBS_MIMO_FBK MAC message. The proposed modification to the Feedback Polling A-MAP IE requires only one additional bit.
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3. Text proposal for inclusion in the P802.16m/D2
Instruction to editor:
Black text: existing D2 text

Red and strike out text: for deletion
Blue and underline text: for addition

============================= Start of the text #1==============================

[Note to Editor – Modify the text in section 15.2.3.33 AAI_SingleBS_MIMO_FBK and corresponding Table 700 in page 79 as follows] 
15.2.3.33 AAI_SingleBS_MIMO_FBK
The AAI_SingleBS_MIMO_FBK message format is defined in Table 700. This message is used by AMS or ARS as a response to a Feedback Polling A-MAP IE requesting to feedback the subband information for MFM 2, 3, 5 or 6. It is also used for the feedback of the transmit correlation matrix when the ABS is equipped with 8 transmit antennas.
Table 700 — AAI_SingleBS_MIMO_FBK message format
	Syntax
	Size (bits)
	Notes

	AAI_SingleBS_MIMO_FBK_Message_Format {
	
	

	Management Message Type = xx
	
	

	If (Transmit_Correlation_Matrix == 1){
	
	Only for 8Tx

	For (i=1; i Nt; i++){
	
	

	i-th diagonal entry of correlation matrix
	1
	As defined in <<<Table 713>>>

	For (j=i+1; j Nt; j++){
	
	

	(i,j)-th entry of correlation matrix
	4
	As defined in <<<Table 714>>>

	}
	
	

	}
	
	

	}else{
	
	

	MFM_bitmap
	4
	Bitmap to indicate the MFMs for which the AMS is sending feedback. It shall be consistent with the MFM requested in a Feedback Polling IE. Only MFM 2, 3, 5 and 6 are allowed.

	If (LSB #0 MFM_bitmap == 1){
	
	MFM 2 as specified in Feedback Polling A-MAP IE

	Best_subbands_bitmap
	Nsub
	Bitmap with Num_best_subbands 1’s

	STC_Rate
	1 to 3
	STC_Rate for MFM 2, according to MaxMt

	For (m=0; m < Num_best_subbands; m ++){
	
	

	Subband CQI
	4
	MCS of m-th subband in bitmap

	}
	
	

	}
	
	

	If (LSB #1 MFM_bitmap == 1){
	
	MFM 3 as specified in Feedback Polling A-MAP IE

	Best_subbands_bitmap
	Nsub
	Bitmap with Num_best_subbands 1’s

	STC_Rate
	1 to 3
	STC_Rate for MFM 2, according to MaxMt

	For (m=0; m < Num_best_subbands; m ++){
	
	

	Subband CQI
	4
	MCS of m-th subband in bitmap

	If (Enhanced MIMO feedback == 0b0){
	
	If standard mode feedback is requested by the ABS in Feedback Polling A-MAP IE

	Subband PMI
	3 to 6
	PMI of m-th subband in bitmap, according to CM and CS

	else{
	
	Enhanced mode feedback is requested by the ABS in Feedback Polling A-MAP IE (applicable for ARSs only)

	For (n=0; n < 4; n ++){
	
	

	Enhanced Subband PMI 
	3 to 6
	PMI’s for each PRU in the subband. First PMI corresponds to PRU with the lowest physical subcarrier indexes

	}
	
	

	}
	
	

	}
	
	

	}
	
	

	If (LSB #2 MFM_bitmap == 1){
	
	MFM 5 as specified in Feedback Polling A-MAP IE

	Best_subbands_bitmap
	Nsub
	Bitmap with Num_best_subbands 1’s

	For (m=0; m < Num_best_subbands; m ++){
	
	

	Subband CQI
	4
	MCS of m-th subband in bitmap

	Stream index
	1 to 3
	Best stream index of m-th subband in bitmap, according to CS and MaxMt

	}
	
	

	}
	
	

	If (LSB #3 MFM_bitmap == 1){
	
	MFM 6 as specified in Feedback Polling A-MAP IE

	Best_subbands_bitmap
	Nsub
	Bitmap with Num_best_subbands 1’s

	For (m=0; m < Num_best_subbands; m ++){
	
	

	Subband CQI
	4
	MCS of m-th subband in bitmap

	If (Enhanced MIMO feedback == 0b0){
	
	If standard mode feedback is requested by the ABS in Feedback Polling A-MAP IE

	Subband PMI
	3 to 6
	PMI of m-th subband in bitmap, according to CM and CS

	else{
	
	Enhanced mode feedback is requested by the ABS in Feedback Polling A-MAP IE (applicable for ARSs only)

	For (n=0; n < 4; n ++){
	
	

	Enhanced Subband PMI 
	3 to 6
	PMI’s for each PRU in the subband. First PMI corresponds to PRU with the lowest physical subcarrier indexes

	}
	
	

	}
	
	

	}
	
	

	}
	
	

	If ((LSB #1 MFM_bitmap == 1) or (LSB #3 MFM_bitmap == 1)){
	
	MFM 3 or MFM 6

	If (CM == 0b1){ [TBD]
	
	

	For (i=1; i Nt; i++){
	
	

	i-th diagonal entry of correlation matrix
	1
	As defined in <<<Table 713>>>

	For (j=i+1; j Nt; j++){
	
	

	(i,j)-th entry of correlation matrix
	4
	As defined in <<<Table 714>>>

	}
	
	

	}
	
	

	}
	
	

	}
	
	

	}
	
	


============================= End of the text #1==============================

============================= Start of the text #2==============================

[Note to Editor: – Modify the text in section 15.3.6.5.2.14 Feedback Polling A-MAP IE and corresponding Table 821 in page 397 as follows] 
15.3.6.5.2.14 Feedback Polling A-MAP IE
The information element shown in Table 821 is used by the ABS to schedule MIMO feedback transmission by the AMS. The AMS sends the MIMO feedback using a MAC control message or an extended header, depending on the requested feedback content.

If the feedback includes only the quantized transmit correlation matrix when the ABS is equipped with 2 or 4 transmit antennas, or only the wideband information for MIMO feedback modes 0, 1, 4 and 7, or only the subband information for 1 subband for MIMO feedback modes 2, 3, 5 and 6, then the MS shall use an extended header. In other cases, for the feedback of the quantized transmit correlation matrix when the ABS is equipped with 8 transmit antennas, or for the feedback of subband information for more than one subband for MIMO feedback modes 2, 3, 5 and 6, or for multi-BS feedback, the MS shall use a MAC control message. In case of feedback for MIMO feedback modes 0, 1, 4 or 7, the MS shall feedback the CQI for FP0 if FPCT equals 1 or 4, or for FPk if FPCT is not equal to 1 or 4, where FPk is determined by k = floor(IDCell/255). 
If MIMO_feedback_IE_type = 0b1, the AMS shall transmit using MIMO mode 0 if it has multiple transmit antennas, or using MIMO mode 1 with Mt=1 stream if it has a single transmit antenna. If MIMO_feedback_IE_type = 0b0, the AMS shall follows the MEF instruction in the IE.
The information element shown in Table 821 is also used by the ABS to schedule MIMO feedback transmission by the ARS. The ARS sends the MIMO feedback using a MAC control message or an extended header, depending on the requested feedback content. For MIMO feedback modes 2, 3, 5 and 6, the ABS may request ARS to send enhanced MIMO feedback. In this case of using enhanced MIMO feedback the ARS shall use a MAC control message. In other cases the ARS shall follow the rules defined for the AMS.

Table 821—Feedback Polling A-MAP IE

	Syntax
	Size (bits)
	Notes

	A-MAP IE Type{
	[4]
	Feedback_Polling_IE

	Allocation Duration (d)
	3
	The allocation is valid for 2(d-1) superframes starting from the superframe defined by allocation relevance. If d == 0b000, the pre-scheduled feedback header transmission is released. If d == 0b111, the pre-scheduled feedback header transmission shall be valid until the ABS commands to release it.

	If (d ==0b00){
	
	

	Resource Index
	11
	Confirmation of the resource index for a previously assigned persistent resource that has been deallocated

5 MHz: 0 in first 2 MSB bits + 9 bits for resource index

10 MHz: 11 bits for resource index

20 MHz: 11 bits for resource index

Resource index includes location and allocation size

	HFA
	3
	HARQ feedback channel allocation for Feedback Channel De-allocation confirmation

	} else if (d != 0b00){
	
	

	Dedicated UL allocation
	1
	0b0: No dedicated UL resource is allocated. ABS shall provide UL allocation for the MIMO feedback IE transmission through UL A-MAP IE at each designated transmitting frame defined by this IE.

0b1: Dedicated UL resource is included in this IE

	if (Dedicated UL allocation ==0b1){
	
	

	ISizeOffset
	5
	Offset used to compute burst size index

	Resource Index
	11
	5 MHz: 0 in first 2 MSB bits + 9 bits for resource index

10 MHz: 11 bits for resource index

20 MHz: 11 bits for resource index

Resource index includes location and allocation size

	}
	
	

	Period (p)
	3
	Transmit feedback header every 4p frame

	MIMO_feedback_IE_type
	1
	0b0: feedback for single-BS MIMO operation

0b1: feedback for multi-BS MIMO operation

	If (MIMO_feedback_IE_type == 0b0){
	
	

	If (Dedicated UL allocation == 0b1){
	
	

	MEF
	1
	MIMO encoder format

0b0: SFBC

0b1: Vertical encoding with Mt = 2 if Nt=2 or 4, or Mt = 1 if Nt=1

Non-adaptive precoding shall be used at the AMS.

Nt is the number of transmit antennas at the AMS.

	}
	
	

	Transmit_Correlation_Matrix
	1
	0b0: feedback of the transmit correlation matrix is indicated by CM

0b1: feedback of the quantized ABS transmit correlation matrix only

Transmit correlation matrix shall be feedback if CM = 0b1

	If (Transmit_Correlation_Matrix == 0b0){
	
	ABS requests AMS to feedback CQI And CSI for a specific MFM.

	MaxMt
	Variable 1 or 2
	Variable number of bits - depends on number of transmit antenna Nt

If Nt=2 (SU-MIMO and MU-MIMO):

0b0: 1

0b1: 2

If Nt=4 (SU-MIMO and MU-MIMO):

0b00: 1

0b01: 2

0b10: 3

0b11: 4

If Nt=8 (SU-MIMO):

0b000: 1

0b001: 2

0b011: 4

0b111: 8

If Nt=8: (MU-MIMO):

0b00: 1

0b01: 2

0b10: 3

0b11: 4

	}
	
	

	MFM
	3
	MIMO Feedback Mode for which the AMS shall feedback CQI and CSI to the ABS

	If (MFM = 2, 3, 5, 6) {
	
	Feedback of CQI and CSI for localized resource units

	Num_best_subbands
	3
	0b000: report all subbands

0b001~0b111: Number of best subbands to report

1< Num_best_subbands <= Nsub

	}
	
	

	If (MFM == 3,4,6,7) {
	
	CL SU and MU MIMO

	CM
	[TBD]
	[TBD]

	CS
	1
	0b0: report PMI from the base codebook

0b1: report PMI from the codebook subset

	Enhanced MIMO feedback
	1
	0b0: report standard mode CL feedback

0b1: report enhanced mode CL feedback

For feedback requests to the AMS this field shall always be 0b0.

	}
	
	

	if((MFM=0, 1, 2, 5){
	
	

	Measurement Method Indication
	1
	0b0: Use the midamble for CQI measurements

0b1: Use pilots in OL region with MaxMt streams for CQI measurements

	}
	
	

	}
	
	

	else{
	
	Multi-BS MIMO feedback request

	TRU
	2
	Target RU indicating which RUs or which type of RU to work on for feedback

0b00: Latest best subbands reported for single BS MIMO

0b01: Whole bandwidth

0b10: FFR partition 0

0b11: boosted FFR partition

	ICT
	2
	0b00: PMI restriction for single-BS precoding;

0b01: PMI recommendation for single-BS

precoding;

0b10: CL-MD for multi-BS precoding;

0b11: Co-MIMO for multi-BS precoding;

	CS
	1
	0b0: report PMI from the base codebook

0b1: report PMI from the codebook subset

	N_multiBS_reports
	3
	N_multiBS_reports indicates the number of reports.

	If (ICT = 0b10 or 0b11) {
	
	

	CPI
	1
	Concatenating PMI Feedback indication;

0b0: feedback CPMI for N_multiBS_reports-1 diversity set members;

0b1: no feedback CPMI

	If (ICT = 0b11) {
	
	

	MaxUser
	2
	Maximum number of users supported in Co-MIMO in the same resource.

0b00: 2 users

0b01: 3 users

0b10: 4 users

0b11: reserved

	}
	
	

	}
	
	

	}
	
	

	}
	
	

	Reserved
	1
	

	Padding
	variable
	Padding to reach byte boundary

	MCRC
	16
	16 bit CRC masked by Station ID


Enhanced MIMO feedback: This field specifies if the ARS shall report enhanced MIMO feedback information.
============================= End of the proposed text #2==============================
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