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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 If feedback delay is large then precoding vector feedback information may be outdated.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 the performance of CL MIMO modes on relay links by introducing an optional DL MIMO feedback mechanism reporting 4 PMIs per subband on relay links. In particular we propose the mechanism to support the enhanced MIMO feedback on relay links by adopting the AAI_SingleBS_MIMO_FBK MAC message, since the existing fast feedback channels have strict limitations on the message size.
The mechanism of switching of the enhanced MIMO feedback on relay links is implemented by introducing 1 additional bit into the RS_Config-CMD MAC message due to existing limitations on the size of feedback allocation channels. The details of this mechanism are provided in C80216m-10_0327.
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3. Text proposal for inclusion in the P802.16m/D5
Instruction to editor:
Black text: existing D4 text

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

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

[Note to Editor – Change the Table 713—AAI_SingleBS_MIMO_FBK message format in section 16.2.3.37 in page 125, line 7 as described below] 
	Syntax
	Size (bits)
	Notes

	…
	
	

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

	Best_subbands_index
	Variable
	

	STC_Rate
	Variable
	MaxMt = 2: 1 bit

MaxMt = 3 or 4: 2 bits

MaxMt > 4: 3 bits

This field shall be omitted if MaxMt = 1.

	For (m=0; m < Num_best_subbands; m ++){
	
	The subbands are sorted in order of increasing logical index

	Subband CQI
	4
	MCS of m-th subband indicated by Best_subbands_index

	Subband PMI
	Variable
	PMI of m-th subband indicated by Best_subbands_index

Nt = 2: 3 bits

Nt = 4 and Codebook_subset = 0b0: 6 bits

Nt = 4 and Codebook_subset = 0b1: 4 bits

Nt = 8: 4 bits
If this feedback is from the ARS configured in the enhanced MIMO feedback mode, then 4 PMIs for each PRU in the m-th subband indicated by Best_subbands_index are transmitted instead. The first PMI corresponds to PRU with the lowest physical subcarrier indexes. In this case the size is:

Nt = 2: 12 bits

Nt = 4 and Codebook_subset = 0b0: 24 bits

Nt = 4 and Codebook_subset = 0b1: 16 bits

Nt = 8: 16 bits

	}
	
	

	}
	
	

	…
	
	


 ============================= End of the text #1==============================
============================= Start of the text #2==============================

[Note to Editor – Change the Table 713—AAI_SingleBS_MIMO_FBK message format in section 16.2.3.37in page 125, line 54 as described below] 
	Syntax
	Size (bits)
	Notes

	…
	
	

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

	Best_subbands_index
	Variable
	

	For (m=0; m < Num_best_subbands; m ++){
	
	The subbands are sorted in order of increasing logical index

	Subband CQI
	4
	MCS of m-th subband indicated by Best_subbands_index

	Subband PMI
	Variable
	PMI of m-th subband indicated by Best_subbands_index

Nt = 2: 3 bits

Nt = 4 and Codebook_subset = 0b0: 6 bits

Nt = 4 and Codebook_subset = 0b1: 4 bits

Nt = 8: 4 bits
If this feedback is from the ARS configured in the enhanced MIMO feedback mode, then 4 PMIs for each PRU in the m-th subband indicated by Best_subbands_index are transmitted instead. The first PMI corresponds to PRU with the lowest physical subcarrier indexes. In this case the size is:

Nt = 2: 12 bits

Nt = 4 and Codebook_subset = 0b0: 24 bits

Nt = 4 and Codebook_subset = 0b1: 16 bits

Nt = 8: 16 bits

	}
	
	

	}
	
	

	…
	
	


 ============================= End of the text #2==============================
============================= Start of the text #3==============================

[Note to Editor – Add new section 16.6.3.x Downlink MIMO to the section 16.6.3 Physical layer after section 16.6.3.4 Downlink Control Structure in page 737]

16.6.3.x Downlink MIMO
The ARS shall use the MIMO procedures described in 16.3.7 for cooperation with the attached AMSs.
The ABS shall use the MIMO procedures described in 16.3.7 for cooperation with the attached ARSs. 

The ABS may additionally request the ARS to provide the enhanced MIMO PMI feedback when working in MFM3 or MFM6. The 16m_Relay_Enhanced_MIMO field of the RS_Config-CMD message is used to configure the enhanced MIMO feedback mode. If the value of this field is equal to 1 and the requested MFM is MFM3 or MFM6, then the ARS shall use AAI_SingleBS_MIMO_FBK message and provide PMI feedback for each PRU of each reported subband. In all other cases, the ARS shall send MIMO feedback in accordance with basic procedures defined in 16.3.7.
============================= End of the text #3==============================
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