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1. Introduction
In RAN1#72 [1] the following working assumptions were suggested for Rel-12 eDL-MIMO: 
· A new aperiodic PUSCH feedback mode is supported in Rel.12 with following feedback

· CQI and rank feedback bit size as in PUSCH Mode 3-1 in Rel 10

· A wideband PMI 

· 2 Tx: 0 bit

· 4 Tx: FFS with the consideration of codebook enhancement in Rel. 12 not excluding 0 bit wideband PMI

· 8 Tx: 4/4/2/2/2/2/2/0 bits for rank 1-8 respectively 

· Per subband PMI(s)
· 2Tx: 2/1 bits for rank 1 – 2

· 4Tx: FFS with the consideration of codebook enhancement in Rel.12

· 8Tx: 4/4/4/3/0/0/0/0 bits  for rank 1 – 8 respectively

· Use Rel 10 W=W1W2 codebook structure for 4 antenna feedback for DMRS based TMs

· The following are for further study and evaluation:

· Subband size

· Detailed W1 and W2 structures, e.g. W1 corresponds to a long term and/or wideband channel properties and W2 corresponds to  a short-term and narrowband channel

· Additional information in the CSI reports for this new feedback mode

· For example CSI feedback enhancements targeted at improving MU performance 

In this contribution, we present our evaluation results to compare PUSCH 3-1 and 3-2 feedback modes, under the Rel-8 codebook and for both SU and adaptive SU/MU, but especially focusing on the impact of CQI mismatch.     
2. Evaluation results of PUSCH feedback mode 3-1 and 3-2  
The main difference of PUSCH Mode 3-1 (Wideband PMI, subband CQI) and PUSCH Mode 3-2 (Subband PMI, subband CQI) is of course the CQI granularity. Such finer granularity is expected to improve the MU performance. However, CQI definition itself, which was heavily debated in Rel-10 and 11, may be even more important than increasing the granularity. There is no MU-CQI defined to correctly reflect the receiver’s interference suppression capability in MMSE-IRC, but 3-2 is intuitively expected to improve MU. The simulation results reported here represents our attempt to understand the performance under different CQI assumption.
Currently for Rel-11, CQI is completely defined by the signal part measured from the NZP-CSI-RS and the interference part measured from the CSI-IM. It is not defined on how the two parts are used exactly in a UE to derive CQI that reflects actual MMSE-IRC performance. We simulated three assumptions:
· (A1): CSI feedback based on Rcov, the interference covariance matrix measured at IMR 
· (A2): CSI feedback based on an “uncorrelated” interference covariance matrix Rcov, un-corr, which is a diagonal matrix with the diagonal elements equal to the interference power measured at IMR

· (A3): CSI feedback based on Rcov, omni, the interference covariance matrix synthesized at the UE based on un-precoded channel to interfering cells’ antennas (estimated from CSI-RS for example) and an omni-directional precoding. This was referred as “emulated interference” in Rel-11. In the simulation, we assume a perfectly known synthesized interference channel based on “omni-directional beamforming” applied at all other neighboring TPs.
The CQI will be used after some scheduling delay during which time the interference at neighboring cell could change, so we expect some mismatch. In particular, we see
· Mismatch between CQI at the reporting instance and actual link quality at PDSCH transmission, due to scheduling delay during which the interference characteristics may have changed
· CQI computation assuming different interference covariance matrix estimation based on NZP-CSI-RS and CSI-IM (A1 and A2) will have mismatch to actual link quality at PDSCH, even if the interference characteristics have not changed
· A3 assumes an omni-directional precoding at neighboring cells, which will not match the actual interference at any time and such interference can only be emulated at the UE (i.e., cannot be reproduced at IMR).
The question we are trying to ask is that under CQI mismatch, what is the gain of increasing CQI feedback granularity?
Simulation assumption can be found in the appendix, we use cross-polarized antenna configurations for scenario A with 100% outdoor users. In MMSE-IRC demodulation, we assume an ideal estimation of the interference covariance matrix. In the case of MU (if chosen by the scheduler over SU based on PF metric), the MU interference channel is assumed known, for example via DMRS port 7 and 8. Hence, we can even use the SU-PMI as the MU precoder and count on UE receiver to suppress MU interference. Obviously, these receiver assumptions suggest a great capability in interference suppression of MMSE-IRC receivers. Whether the capability can be taken advantage of by eNB is of great interest here.
Table 1 Simulation results for (A1)
	Reporting mode
	Average Spectrum Efficiency
	5% Cell-edge Spectrum Efficiency

	
	bps/Hz/user
	Gain
	bps/Hz/user
	Gain

	SU Mode3-1
	1.664
	-
	0.0484
	-

	SU Mode3-2
	1.699
	+2.10%
	0.0518
	+7.02%

	SU/MU Mode3-1
	2.032
	+22.1%
	0.0675
	+39.4%

	SU/MU Mode3-2
	2.050
	+23.2%
	0.0703
	+45.2%


Table 2 Simulation results for (A2)

	Reporting mode
	Average Spectrum Efficiency
	5% Cell-edge Spectrum Efficiency

	
	bps/Hz/user
	Gain
	bps/Hz/user
	Gain

	SU Mode3-1
	1.616
	-
	0.0484
	-

	SU Mode3-2
	1.655
	+2.41%
	0.0539
	+11.3%

	SU/MU Mode3-1
	1.964
	+21.5%
	0.0702
	+45.0%

	SU/MU Mode3-2
	2.082
	+28.8%
	0.0714
	+47.5%


Table 3 Simulation results for (A3)
	Reporting mode
	Average Spectrum Efficiency
	5% Cell-edge Spectrum Efficiency

	
	bps/Hz/user
	Gain
	bps/Hz/user
	Gain

	SU Mode3-1
	1.853
	-
	0.0545
	-

	SU Mode3-2
	1.895
	+2.27%
	0.0568
	+4.22%

	SU/MU Mode3-1
	2.363
	+27.5%
	0.0747
	+37.1%

	SU/MU Mode3-2
	2.366
	+27.7%
	0.0764
	+40.2%


Observations:

· Given the scheduling delay during which the interference characteristics may have changed, it seems that CQI based emulated interference (A3) performs much better than CQI computed on CSI-RS and CSI-IM, possibly due to robustness against interference mismatch.
· The difference between A1 (structured interference covariance matrix) and A2 (diagonal interference covariance matrix) is small, possibly because the CQI computed based on NZP-CSI-RS and CSI-IM still cannot match the actual post MMSE-IRC link quality at PDSCH.
· MU gain over SU is significant (21%~27%) in all three CQI assumptions, likely due to the superior MU interference suppression assumed in MMSE-IRC receiver under known MU interference channel. 
· Gain of 3-2 over 3-1 is marginal, most likely due to CQI mismatches between CQI computed based on CSI-RS and CSI-IM and the actual MMSE-IRC interference suppression.  
Discussion:
It is expected that IRC receiver will also be sensitive to the interference modeling and mismatch. Hence, in our view, improving SU/MU-CQI is particularly important. Of course, MU-CQI is not only affecting the MCS in the PDSCH, it is also affecting UE pairing. But we are focusing on the MU-CQI after UE pairing.  
With the introduction of multiple CSI processes and IMR-based CSI measurement in Rel-11, it seems possible to better support MU-CQI feedback without further specification changes in Rel-11. In the case that eNB knows the MU precoding and UE pairing (say predicted from the reports of “SU-CSI” process), IMR can be configured in the way that the measured interference exactly matches that of the actual MU transmission. In theory, such IMR-based MU-CSI process can provide a very good match between estimated MU-CQI after IRC processing and the actual post-IRC CQI.
But it needs to be further studied that if it is indeed the case. In actual PDSCH, MU channel may be estimated in the case of using port 7 & 8. But interference measured on CSI-IM only may still be coarse to match the actual interference. We have seen better performance from emulated interference, but it is ideally emulated interference instead of from the interference channel estimated on neighbor cell CSI-RS. The inferior performance of A1 and A2 could also be due to measurement inaccuracy from CSI-IM. More averaging may help at least the robustness against scheduling delay. 
Proposal: Further study of CQI definition based on CSI-RS and CSI-IM is needed before we agree to increase feedback granularity in frequency or spatial domain. 
3. Conclusion 
In this contribution, we present our evaluation results to compare PUSCH 3-1 and 3-2 feedback modes, under the Rel-8 codebook and for both SU and adaptive SU/MU, but especially focusing on the impact of CQI mismatch.     Three assumption of CQI derivation are assumed:
· (A1): CQI feedback based on Rcov, the interference covariance matrix measured at IMR 

· (A2): CQI feedback based on an “uncorrelated” interference covariance matrix Rcov, un-corr, which is a diagonal matrix with the diagonal elements equal to the interference power measured at IMR

· (A3): CSI feedback based on Rcov, omni, the interference covariance matrix synthesized at the UE based on omni-directional precoding, i.e., “emulated interference”
We observed that:
· Given the scheduling delay during which the interference characteristics may have changed, it seems that CQI based emulated interference (A3) performs much better than CQI computed on CSI-RS and CSI-IM, possibly due to robustness against interference mismatch. 
· The difference between A1 (structured interference covariance matrix) and A2 (diagonal interference covariance matrix) is small, possibly because the CQI computed based on NZP-CSI-RS and CSI-IM still cannot match the actual post MMSE-IRC link quality at PDSCH.
· MU gain over SU is significant (21~27%) in all three CQI assumptions, likely due to the superior MU interference suppression assumed in MMSE-IRC receiver under known MU interference channel. 
· Gain of 3-2 over 3-1 is marginal, most likely due to CQI mismatches between CQI computed based on CSI-RS and CSI-IM and the actual MMSE-IRC interference suppression.  
Based on the observation, we propose:
· Further study of CQI derivation based on CSI-RS and CSI-IM is needed before we agree to increase feedback granularity in frequency or spatial domain. 

Appendix

	Carrier frequency
	2 GHz

	Transmission bandwidth 
	10 MHz

	Subband bandwidth
	1.08 MHz (6 RBs)

	Antenna configuration 
	eNB: X-pol with 0.5 wavelength spacing; 4 Tx antennas
UE: X-pol; 2 Rx antennas

	Deployment scenario
	Homogeneous network with ITU UMa

	Number of UEs and distribution
	Scenario A: 10 UEs per cell, 100% outdoor 

	Traffic model
	Full buffer

	UE moving speed
	3 km/h

	MIMO scheme
	Maximum rank 2 for SU-MIMO and rank 1 for MU-MIMO;

2 layers for MU-MIMO 

	Scheduling algorithm
	Proportional fair

	Control delay (scheduling, AMC)
	5 ms

	HARQ 
	IR

	MCS set
	QPSK (R = 1/8 - 5/6), 16QAM (R = 1/2 - 5/6)
64QAM (R = 3/5 - 4/5)

	CQI/PMI feedback interval
	5 ms

	Granularity of PMI and CQI feedback
	PUSCH Mode 3-1: Wideband PMI, subband CQI

PUSCH Mode 3-2: Subband PMI, subband CQI

	DM-RS channel estimation
	Non-ideal 

	CSI-RS channel estimation and IMR measurement
	Ideal

	UE receiver assumption
	MMSE-IRC with non-ideal covariance matrix modeled by Wishart distribution[2]

	Overhead of RS and PDCCH
Transport block size 
	PDCCH (3 symbols per subframe)
DM-RS (12 REs per PRB)
CSI-RS (4 REs per RB per 10 ms for 4 antenna ports);

Use transport block sizes defined in 36.213

	Modeling of interference outside the area
	Realistic interference assuming precoding and scheduling at other TPs
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