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1. Introduction

At the previous RAN1 #62 meeting in Madrid, the following agreement was reached regarding CSI feedback for LTE-Advanced [1].
· 2 & 4 Tx Rel-10 channel quality indicator (CQI) and if possible precoding matrix indicator/rank indicator (PMI/RI) feedback accuracy are to be enhanced in a straightforward way targeting both MU-MIMO and SU-MIMO improvement, taking the performance/overhead tradeoff into account.
· 8 Tx Rel-10 CQI (at least) feedback accuracy is to be enhanced in a straightforward way targeting both MU-MIMO and SU-MIMO improvement, taking the performance/overhead tradeoff into account.
At the last RAN1 #62bis meeting in Xi’an, the CQI/PMI enhancement issue for LTE-Advanced was discussed, and one way forward was proposed [2].
· In addition to Rel. 8 Mode 3-1 feedback, the UE can be configured via higher layer signaling to report the following.
· If RI > 1 
· A wideband PMI (W) that is calculated assuming restricted rank = 1
· Per subband CQI that targets MU-MIMO operation
· If RI = 1 
· Per subband CQI that targets MU-MIMO operation
· MU-MIMO CQI is computed assuming that the interfering PMIs are orthogonal to the SU-MIMO rank 1 PMI.
· For 4 Tx
· The total number of co-scheduled layers is assumed to be four at the time of MU CQI computation.
· As a baseline, uniform power allocation among the four layers is assumed.
·  Non-uniform power allocation is FFS.
· 2 and 8 Tx cases are for FFS.

In this contribution, we provide investigation results on CQI/PMI enhancement based on the way forward mentioned above and present our views on the enhancement of MU CQI/PMI for LTE-Advanced.
2. Performance Evaluation
In this section, Tables 1 – 3 show a performance comparison of Rel-8 SU CQI/PMI feedback with PUSCH mode 3-1 and with additional MU CQI/PMI feedback as given in [2] for 4 Tx antenna ports with various antenna configurations (uniform linear array (ULA) and cross-polarized array (CPA)) and with both low (8 degree r.m.s) and high angular spreads (15 degree r.m.s). Detailed simulation assumptions are provided in the Appendix of the contribution.

Table 1 – ULA With 0.5-Lambda Antenna Separation 

	Cell throughput/cell-edge user throughput (Mbps)
	Low angular spread
	High angular spread

	PUSCH mode 3-1
	3.02 (0.0%) / 0.090 (0.0%) 
	2.67 (0.0%) / 0.080 (0.0%)

	PUSCH mode 3-1 + MU CQI/PMI
	3.16 (4.6%) / 0.092 (2.2%) 
	2.81 (5.2%) / 0.082 (2.5%) 


Table 2 – CPA With 0.5-Lambda Antenna Separation

	Cell throughput/cell-edge user throughput (Mbps)
	Low angular spread
	High angular spread

	PUSCH mode 3-1
	2.40 (0.0%) / 0.063 (0.0%) 
	2.36 (0.0%) / 0.060 (0.0%) 

	PUSCH mode 3-1 + MU CQI/PMI
	2.46 (2.5%) / 0.065 (3.2%) 
	2.41 (2.1%) / 0.062 (3.3%) 


Table 3 – CPA With 4-Lambda Antenna Separation

	Cell throughput/cell-edge user throughput (Mbps)
	Low angular spread
	High angular spread

	PUSCH mode 3-1
	2.23 (0.0%) / 0.053 (0.0%) 
	2.22 (0.0%) / 0.052 (0.0%) 

	PUSCH mode 3-1 + MU CQI/PMI
	2.28 (2.2%) / 0.053 (0.0%) 
	2.26 (1.8%) / 0.054 (3.8%) 


Observations from the comparison results:

· Compared to Rel. 8 SU CQI/PMI feedback, additional MU CQI/PMI feedback could provide performance gains of approximately 5% and 2% in terms of cell throughput and cell-edge user throughput, respectively, for ULA configurations and the gain is reduced for CPA configurations.
3. Conclusions

This contribution described a performance comparison of Rel-8 SU CQI/PMI feedback with PUSCH mode 3-1 and with additional MU CQI/PMI feedback for 4 Tx antennas. Based on the results, our views on MU CQI/PMI enhancement are given below.

· Compared to Rel-8 SU CQI/PMI feedback, additional MU CQI/PMI feedback could provide performance gains of approximately 5% and 2% in terms of cell throughput and cell-edge user throughput, respectively, for ULA configurations and the gain is reduced for CPA configurations.
· However, the gain is relatively small considering that the signaling overhead is significantly increased.  In addition, the gain is reduced for CPA, which has a higher priority than ULA from the deployment viewpoint. Therefore, we have a somewhat negative view toward supporting CQI/PMI enhancement for LTE-Advanced.
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Appendix: Simulation Assumptions

	Parameters
	Assumptions in evaluations

	Cell layout 
	Hexagonal grid, 19 cell-sites, 3 sectors per cell-site 

	Duplexing method
	FDD

	Carrier frequency 
	2 GHz 

	Bandwidths 
	10 MHz

	Average number of UEs per cell
	10

	Channel model 
	3GPP Case 1 (3D) 
SCM-UMa with low/high angular spread, 3 km/h

	Traffic model 
	Full buffer 

	Subframe (TTI) length 
	1 msec 

	RB bandwidth 
	180 kHz (12 subcarriers) 

	Subband bandwidth 
	1.08 MHz (6 RBs) 

	Transmission power of eNodeB 
	46 dBm 

	MCS set 
	QPSK (R = 1/8 - 5/6), 16QAM (R = 1/2 - 5/6) 

64QAM (R = 3/5 - 4/5) 

	Control delay (scheduling, AMC) 
	6 TTIs 

	HARQ 
	Chase combining 

	Round trip delay (HARQ) 
	8 msec 

	Antenna configuration 
	Alt 1. Co-polarized antenna (Vertical)


eNB:  0.5 wavelengths 4 Tx: I I I I 


UE:  0.5 wavelengths 2 Rx: I I 

Alt 2. Cross-polarized antenna


eNB:  0.5 wavelengths 4 Tx: XX   +45/-45 

UE:  0.5 wavelengths 2 Rx: X   +90/0
Alt 3. Cross-polarized antenna


eNB:  4 wavelengths 4 Tx: XX   +45/-45 

UE:  0.5 wavelengths 2 Rx: X   +90/0

	Transmission scheme 
	SU-MIMO: 
Rank adaptation

up to 2 layers for 1 UE

MU-MIMO:
Rank adaptation

1 layer for 1 UE, 

up to 4 co-scheduled UEs, 

up to 4 layers in total
SU/MU dynamic switching is enabled.

	Feedback modes 
	PUSCH mode 3-1: Wideband W, Subband CQI

MU CQI/PMI enhancement: Additional wideband MU PMI and subband MU CQI 

	Scheduling algorithm 
	Frequency-domain channel-dependent scheduling based on PF 

	Time interval for W1 and W2 feedback 
	5 TTIs for both

	Feedback error 
	No PMI feedback error

	Channel estimation / CQI measurement error
	Non-ideal: N(0, 1 dB) per RB 

	Link error prediction
	Outer-loop control based on ACK/NACK report
1st transmission target BLER: 0.1

	UE receiver assumption 
	MMSE 
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