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1. Introduction
The CQI for SU-MIMO as in release-8 is well defined with a clear hypothesis for the UE to factor in actual implementation and is also easily testable.  A similar definition of MU-CQI at the UE can be challenging since the UE does not have any knowledge of the actual MU operation. MU-CQI based on a predefined MU operation hypothesis, e.g., pairing PMI(s), is suggested in some proposals. Further a single hypothesis of a set of pre-defined PMI(s) irrespective of actual total rank of MU transmission is proposed in [14]. 
In this contribution, we share some observations and results on the proposed MU-CQI for PUSCH.
2. MU-CQI with pre-defined pairing PMI

The proposal in [14] for MU-CQI on PUSCH 3-1 is based on a fixed hypothesis of pairing 4 UEs in the orthogonal space. We have the following observations on this proposal.

· The proposal is mainly based on the observation that reported precoding vectors corresponding to pairing UEs are orthogonal. While this is reasonable, MU gain due to actual ZF precoding is also mainly due to ability to pair UEs that are not strictly orthogonal. Studies in the past assumed a certain upper threshold on PMI correlation, rather than a zero correlation (i.e., orthogonal), to realize the MU gains. Clearly, this implies that there will be many cases the orthogonal PMI constraint is not applicable. In practice, the actual precoders resulting from ZFBF also deviate from the orthogonal PMIs hypothesis. 
· Assuming that precoder is restricted to be orthogonal, the CQI could be different for different PMI hypothesis. The CQI as defined captures an approximate mean MU-CQI value (if some offset compensation is performed specific to rank). 

· One of the benefits of the definition is that it limits UE computations to a single PMI hypothesis and captures some UE implementation aspects. However, we find that this sacrifices the accuracy as well, and performs similar to other simpler ways of defining MU-CQI, for example SU-CQI defined with a fixed 3 dB offset (see next section). 
· New definitions of feedback modes also require supporting additional complexity at the receiver and testing specification efforts at RAN4, minimizing which has been a key focus for much of specification efforts in RAN1.  DMRS support in Rel-10 already achieves performance improvements of 10% with MU-MIMO for 4Tx configurations.  Given the timeframe of Release-10, we believe it is best to leave additional aspects for a future release, unless we can show significant improvements with identified schemes. 
Proposal

MU-CQI defined based on the fixed 4-UE hypothesis in [14] cannot match the true MU-CQI encountered in actual MU operations, thus explaining the observation of negligible gain over much simpler options of predicting MU-CQI based on SU-CQI. Clearly the definition of MU-CQI needs further study that cannot be completed in Rel-10 time frame. We propose to not define any MU-CQI in Rel-10 time frame. 
3. System Simulation Results

3.1. 4 Tx
The results are shown below for 4Tx closely-spaced and widely spaced ULAs based on wideband scheduling. The MU scheduling is limited to 2 layer MU. PUSCH Modes 3-2 and 3-1 are used in the results.

Further, we noticed there is performance degradation with the fixed rank hypothesis as captured in [14] (copied below), due to rank mismatch:
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The three PMIs represent the three possible strictly orthogonal interference directions and further assume uniform distribution in all three directions to the main vector. For different total MU rank r, we don’t need to change the size of the set of pairing UEs, which can result in significant deviation from the actual MU-CQI if the pairing UE hypothesis differs from actual pairing. Hence the size of the pairing set is fixed so that the resulting MU-CQI can approximate the mean that is captured with all orthogonal directions. Clearly, the same set of vectors may be selected to represent the whole orthogonal space.  However, the power of the total MU interference interfering PMI should match the practice. Therefore, we have used a modification of PMI hypothesis based on power offsets as below:

	Total Rank
	Interferer Rank
	Power Offset Details
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	1
	[1/2 1/6]

	3
	2
	[1/3 2/9]

	4
	3
	[1/4 1/4]


So, if 
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 are the orthogonal PMIs in the rank 1 codebook captured in the table above, then the TPMI hypothesis used by the UE is 
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The results are captured in tables below for ULA and XPOL configurations. The eNB compensation used is based on approximations in [2]

 REF _Ref269392049 \r \h 
[3].
	4Tx 1/2L ULA, PUSCH 3-1
(SE - bps/Hz)
	SU/MU (Mean)
	SU/MU (5%)

	SU CQI (eNB compensation)
	2.48
	0.061

	MU-CQI (Rank 4 assumption)
	2.14
	0.060

	MU-CQI (Rank 4 assumption with power offset for interferer)
	2.52
	0.064

	SU-CQI (3 dB power offset at UE)
	2.50
	0.062


	4Tx 1/2L ULA, PUSCH 3-2
(SE - bps/Hz)
	SU/MU (Mean)
	SU/MU (5%)

	SU CQI (eNB compensation as in)
	2.51
	0.067

	MU-CQI (Rank 4 assumption)
	2.15
	0.064

	MU-CQI (Rank 4 assumption with power offset for interferer)
	2.58
	0.068

	SU-CQI (3 dB power offset at UE)
	2.52
	0.067


	4Tx 4L XPOL, PUSCH 3-1
(SE - bps/Hz)
	SU/MU (Mean)
	SU/MU (5%)

	SU CQI (eNB compensation)
	2.32
	0.051

	MU-CQI (Rank 4 assumption)
	2.30
	0.050

	MU-CQI (Rank 4 assumption with power offset for interferer)
	2.35
	0.054

	SU-CQI (3 dB power offset at UE)
	2.31
	0.052


	4Tx 4L XPOL, PUSCH 3-2
(SE - bps/Hz)
	SU/MU (Mean)
	SU/MU (5%)

	SU CQI (eNB compensation)
	2.39
	0.056

	MU-CQI (Rank 4 assumption)
	2.38
	0.053

	MU-CQI (Rank 4 assumption with power offset for interferer)
	2.47
	0.060

	SU-CQI (3 dB power offset at UE)
	2.40
	0.059


We have the following observations based on results above:
1) The differences between different methods (except for the case without the correct power offset compensation, which can be worse) is within 1-2% with PUSCH 3-1 and 2-3% for PUSCH 3-2.
2)  A simple 3-dB power offset at UE for SU-CQI calculation works equally well. eNB compensation based on SU-CQI also has similar performance. 

3) PUSCH 3-2 mode obtains gain of 5% over PUSCH 3-1. 
4) PUSCH 3-2 with no MU-CQI definitions performs better than PUSCH 3-1 using MU-CQI as defined in [14] (also means additional CQI overhead).

5) Not using the right power offset degrades performance in all cases. The degradation is significant in the ULA cases. This can be attributed to the fact that MU is more likely to be used even at high SNRs for ULA, whereas rank-2 SU is used at high SNRs for XPOL. In general, given the relative significance of noise and inter-cell interference term at the low SNRs, CQI estimate is less sensitive to inter-UE interference.  

Some additional result showing the PDFs of CQI prediction error with the proposal in [14] (again, modified with power offset to reflect the known power reduction in a 2-UE MU operation) and SU-CQI with 3 dB offset are shown below to get some insight into the system result. The samples are based on the 57 cells and reported and achieved CQIs of all MU paired UEs, but restricting to orthogonal pairs alone. 
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Figure 1 - CQI prediction error for 4x2 closely spaced ULA
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Figure 2 - CQI prediction error for 4Tx widely spaced XPOL
Clearly, SU-CQI is always optimistic, while the MU-CQI per [14] is mostly pessimistic. Both of them are also accurate most of the time under the operation assumption of pairing only orthogonal UEs. This explains our system level results, where minor performance differences are noticed between these methods. 

As also noted, if PUSCH 3-2 is adopted with no new modifications, it obtains better performance over PUSCH 3-1 with MU-CQI without additional specification efforts.  
Observation
If PUSCH 3-2 is adopted for aperiodic reporting modes, PUSCH 3-1 with MU-CQI as proposed in [14] needs not be introduced to avoid additional specification efforts and UE complexity. 
3.2. 8 Tx case
The proposal in [14] does not give the pairing UE hypothesis for 8-Tx case. Hence for simulation purposes, we use a similar approach as in 4Tx to derive a fixed set of pairing PMIs, based on orthogonal space provided by the codebook.  A rank-1 PMI in the dual codebook is expressed as:
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where vm is the DFT vector from 32 bit DFT and φn is the co-phasing scalar from QPSK. The three interfering PMIs we use in our result can be expressed as: 
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Note that the choice captures the 3 orthogonal directions in the ULA subspace and also the only orthogonal direction in the XPOL subspace. We found this provides best performance among other choices of a fixed set of three orthogonal PMIs. Further, similar power compensation is applied at the UE based on rank-1 hypothesis as defined for 4Tx.

	8Tx 4L XPOL, PUSCH 3-1
(SE - bps/Hz)
	SU/MU (Mean)
	SU/MU (5%)

	SU CQI (eNB compensation)
	2.92
	0.077

	MU-CQI (Rank 4 assumption with power offset for interferer)
	2.96
	0.078

	SU-CQI (3 dB power offset at UE)
	2.90
	0.076


	8Tx 4L XPOL, PUSCH 3-2
(SE - bps/Hz)
	SU/MU (Mean)
	SU/MU (5%)

	SU CQI (eNB compensation)
	3.01
	0.081

	MU-CQI (Rank 4 assumption with power offset for interferer)
	3.07
	0.086

	SU-CQI (3 dB power offset at UE)
	3.03
	0.084


	8Tx 1/2L ULA, PUSCH 3-1
(SE - bps/Hz)
	SU/MU (Mean)
	SU/MU (5%)

	SU CQI (eNB compensation)
	3.07
	0.081

	MU-CQI (Rank 4 assumption with power offset for interferer)
	3.15
	0.081

	SU-CQI (3 dB power offset at UE)
	3.07
	0.081


	8Tx 1/2L ULA, PUSCH 3-2
(SE - bps/Hz)
	SU/MU (Mean)
	SU/MU (5%)

	SU CQI (eNB compensation)
	3.11
	0.085

	MU-CQI (Rank 4 assumption with power offset for interferer)
	3.19
	0.084

	SU-CQI (3 dB power offset at UE)
	3.13
	0.087


Based on above result, we can conclude;

· For 8 Tx MU-CQI with pre-defined orthogonal PMIs, the gains obtained over simpler schemes based on SU-CQI are small (1-2%).
· PUSCH 3-2 with no new CQI definitions performs better than PUSCH 3-1 with additional CQI overhead. 
4. Conclusions

In this contribution, we shared further evaluation results for MU-CQI feedback in Release-10. 
The following are the main observations regarding the suggested MU-CQI based on fixed precoder hypothesis:

1) The differences between different methods (except without power compensation, which can be worse) is within 1-2% with PUSCH 3-1 and 2-3% for PUSCH 3-2.

2) A simple 3-dB offset of channel at UE for SU-CQI calculation works well. eNB compensation based on SU-CQI has similar performance. 

3) PUSCH 3-2 mode can obtain gains of 5% over PUSCH 3-1. 

4) PUSCH 3-2 with no new CQI definitions performs better than PUSCH 3-1 with additional CQI overhead.

5) Not using power offset compensation degrades performance in all cases. The degradation is significant in the ULA cases. 
Based on these observations, we propose the following: 
Proposal
MU-CQI defined based on the fixed 4-UE hypothesis in [14] cannot match the true MU-CQI encountered in actual MU operations, thus explaining the observation of negligible gain over much simpler options of predicting MU-CQI based on SU-CQI.  We propose to not define any MU-CQI in Rel-10 time frame. 

Further, if PUSCH 3-2 is adopted for aperiodic reporting modes, PUSCH 3-1 with MU-CQI need not be introduced as in [14]  to avoid additional specification efforts and UE complexity. 
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APPENDIX

	Parameter
	Value

	Channel Model 
	ITU Urban Micro (3kmph)

	Antenna Configuration 
	4 Tx eNB: 0.5/4 lambda ULA;    2 Rx UE: XPOL 

	Deployment 
	FDD, 10 MHz, 19 sites, 3 sectors per site ; 10 UEs per sector 

	Scheduler 
	Proportional fair and frequency selective scheduling; Scheduling granularity of one subframe (dynamic on a subframe basis); Sum proportional fair rate for MU; 

	Link adaptation 
	Non Ideal CQI ; 
MU CQI  details in the contribution
Outer Loop Link Adaptation 

	Feedback Impairments (CQI, PMI) 
	PUCCH Mode 3-2/3-1 extension with subband MU-CQI; 
Reporting period: 5 ms; Minimum Delay: 5 ms; 

	Overhead 
	Control channel of 3 symbols; RS for 4 as in Release 8 for Control symbols; 12 in Data Symbols 

	Traffic Model 
	Full Buffer 

	MIMO Mode 
	SU-MIMO Rank 1/2, MU 1+1  (Zero-Forcing Precoding)

	Interference Modelling 
	6 Significant interferers (Post beamforming interference considering scheduling and beamforming from these cells); Rest of the interferers modelled as flat fading 

	UE Receiver
	 IC for rank 1. MMSE for rank 2;.No inter-cell interference cancellation

	HARQ
	Max 4 retransmissions; Synchronous non-adaptive HARQ (chase combining); 


Table 1 - System Simulation Assumptions
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