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1 Introduction
In the WID (RP-120416) of the downlink MIMO enhancement for Rel-12, CSI feedback enhancement for MU-MIMO is included as one of the focused areas for study. The related text is duplicated below for convenience.
· Identify reasons for diverse performance evaluation results of the study item. The ratio of outdoor-indoor UEs in Scenario A will be revisited.

· Evaluate CSI feedback enhancements and identify the most promising solution(s). CSI feedback enhancement candidates include:

· 4-tx PMI feedback codebook enhancements to provide finer spatial domain granularity and support different antenna configurations for macro and small cells, especially cross-polarized antennas, both closely- and widely-spaced, and non-colocated antennas with power imbalance

· a new CSI feedback mode providing sub-band CQI and sub-band PMI 

· finer frequency-domain granularity

· enhanced control of the reported rank and corresponding assumptions for CQI/PMI derivation, to improve support for MU-MIMO.

· Depending on the outcome of the above studies, specify the selected enhancement(s) together with any necessary supporting signalling. 

Before further discussion in Rel-12, the performance evaluation needs be calibrated. In this contribution, we analyze the reasons of the diverse performance evaluation results of the study item [1].
2 Maximum Transmission Rank
One reason of the diverse performance evaluation is the different number of paired users or total layers in MU-MIMO. More paired users or total layers in MU-MIMO require more accuracy of CSI for generating sharp beams to distinguish different users or data streams. Thus, more gain will be obtained with the CSI feedback enhancement when the maximum transmission rank is configured as a bigger value. 
For the 4 Tx antenna configuration, the maximum transmission rank is 4. In a general case, the maximum paired users or total layers are selected as 2 or 4 in the simulation of the SI. If the maximum paired users are configured as 4, e.g., [2], the required accuracy of pre-coding vectors is stricter than the other case with less paired users. Thus, with finer CSI feedback granularity, more performance gain can be obtained. Note that some additional estimation error will be caused by non-orthogonal reference signals. On the other hand, when the maximum number is configured as 2, such as [4] and [9], finer feedback granularity only provides a modest gain compared to the feedback scheme in Rel-10. This conclusion also can be obtained in the following simulations.
Table 1 compares R10 codebook with PUSCH 3-1 and perfect feedback (SVD) with PUSCH 3-2. The table shows that the gain with feedback enhancement will be limited by the maximum paired users and total layers. The detailed simulation assumptions are given in Appendix A.
Table 1. Comparison of performance gain with different maximal paired users
	Antenna configurations 
	Maximal paired users (layers) 
	Codebook
	Cell average (b/s/Hz) 
	Cell avg gain 
	5% Cell edge (b/s/Hz) 
	Cell edge gain 

	ULA 
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	Max=2

(SU/MU switching) 
	R10 
	3.11608 
	15.16% 
	0.13258 
	11.53% 

	
	
	Perfect 
	3.6400 
	
	0.14786 
	

	
	Max=4

(SU/MU switching) 
	R10 
	3.3258 
	31.03% 
	0.12163 
	22.55% 

	
	
	Perfect 
	4.3580 
	
	0.14906 
	

	X-pol 
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	Max=2

(SU/MU switching) 
	R10 
	2.5665 
	21.86% 
	0.09581 
	22.84% 

	
	
	Perfect 
	3.1276 
	
	0.11769 
	

	
	Max=4

(SU/MU switching) 
	R10 
	2.5638 
	36.76% 
	0.09210 
	25.08% 

	
	
	perfect 
	3.50628 
	
	0.11520 
	


Observation:

Performance gain with finer feedback granularity will be limited by the maximum paired users and total layers. It means that more gain can be obtained with 4 paired users than 2. Note that some additional estimation error will be caused by the non-orthogonal reference signals in the 4 paired users scenario. 
3 Feedback Interval and Delay
Another reason for the diverse performance evaluation is the different feedback interval and feedback delay. In the provided simulations, we note that the feedback interval is assumed to be 5 ms [2] or 10 ms [6] and the feedback delay is assumed to be 5 ms [3] or 6 ms [5]

 REF _Ref338935993 \n \h 
, respectively. The difference of the feedback interval and delay will result in different temporal correlation between the estimated channels and the pre-coding channels. For the sub-band feedback case (e.g., PUSCH3-2), the throughput is more sensitive to this different temporal correlation than the wide-band feedback case in Rel-10 (e.g., PUSCH3-1). 
The reason is given as follows. In the wide-band feedback case, only one PMI is selected for all sub-bands to maximize the throughput. Thus, the variety of the PMI and throughput is related to the average changes of the sub-band channels. It is known that the average changes are not so sensitive to the feedback interval and feedback delay. On the other hand, for the sub-band feedback, each PMI is selected for every corresponding sub-band, which is more sensitive to the variation of the channels. Therefore, the simulation results will show some differences, which is caused by the different assumption of feedback interval and feedback delay in the sub-band feedback case, e.g., PUSCH3-2. 
Observation:

The sub-band feedback mode is more sensitive to the feedback interval and feedback delay in the simulation. Thus, different feedback interval and delay will result in different performance gain in feedback mode PUSCH 3-2.
4 Codebook Structures and Configurations
Different codebook structures and configurations will provide different performance gain compared to the baseline codebook in Rel-10.
At first, different codebook structures are adopted in simulations and result in diverse performance evaluation. In [2][6][7], the two-stage codebook structure of 8 Tx in Rel-10 is employed. In [11], adaptive codebook structure with the feedback of channel covariance is adopted. In addition, two-stage codebook structure with amplitude adjustment and mixed codebook structure are used in [8] and [12], respectively.  
Secondly, different configuration of the codebook is also a reason for the diverse performance gain in the simulation. Take a two-stage codebook as an example, the codebook size and the feedback granularity in spatial domain are decided by the total number of elements 
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 in the first codebook and the number of rotation vectors 
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 in the second codebook. In some contributions, 
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 is selected as 16 [7] [10], and some others are selected as 8 [8]. When 
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 is selected as a same value, the case of 
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 requires 1 additional bit for wide-band feedback, but provides more beams to obtain the performance gains.  
Observation:

Different codebook structures and configurations result in different performance gain.
5 The Ratio of Outdoor-Indoor Users in Scenario A
In the simulations, the ratio of outdoor-indoor users in scenario A is assumed as 100% [4]
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[9] or 20%  [3][5][6]
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[7]. Note that the ratio in here is defined as the ratio of outdoor users over total users. Compared to outdoor users, the indoor users experience more penetration path-loss and severe multipath. So the throughput will decrease if more users are located indoor. However, the relative performance gain with the CSI feedback enhancement will be only marginally affected by different ratio of outdoor-indoor users.

Therefore, it is acceptable that the ratio of outdoor-indoor users is assumed as 100% in the simulation in scenario A.
Observation:

The relative performance gain with CSI feedback enhancement will be only marginally affected by the different ratio of outdoor-indoor users. Therefore, the ratio is assumed as 100% is acceptable in scenario A.
6 Conclusions
In this contribution, we give an analysis on the diverse performance evaluation in study item for 4 Tx feedback enhancement. The observations are summarized as follows:
1. Performance gain with finer feedback granularity will be limited by the maximum paired users and total layers. It means that more gain can be obtained with 4 paired users than 2. Note that some additional estimation error will be caused by the non-orthogonal pilots in the 4 paired users scenario. 

2. The sub-band feedback mode is more sensitive to the feedback interval and feedback delay in the simulation. Thus, different feedback interval and delay will result in different performance gain in feedback mode PUSCH 3-2.

3. Different codebook structures and configurations result in different performance gain.
4. The relative performance gain with CSI feedback enhancement will be only marginally affected by the different ratio of outdoor-indoor users. Therefore, the ratio is assumed as 100% is acceptable in scenario A.

Proposal:
To avoid the diverse evaluation performance among different companies, it is proposed to at least align the following assumptions in the evaluation.  

1. Scheduling aspects:

a) TM 9 (dynamical switching SU-MU MIMO) should be as the baseline.

b) For MU-MIMO mode, up to 4 paired users and up to 2 layers transmission per user should be adopted in the simulation. 

2. CSI feedback aspects:
a) LTE R10 4 Tx codebook with PUSCH 3-1 should be as the baseline for comparison.
b) 5 ms feedback period and 4 ms delay should be adopted in the simulation.

c) Error-free channel estimation and feedback or a unified model for comparison.

3. Scenario aspects:
The case with 100% outdoor users can be considered in scenario A. 
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Appendix A
	Parameter
	Value

	Channel models
	3GPP case 1

	
	Fading Scenario: SCME

	
	100% users are located outdoorsmoutdoor []outdoor. users in scenario A i

















































































	Central Frequency
	2GHz

	Antenna configuration
	4 Tx at eNodeB with 0.5 lambda spacing
Cross-polarized: ( 45 degrees, or ULA 

	
	2 Rx at UE with 0.5 lambda spacing
ULA

	
	ideal antenna calibration
3D antenna pattern, with 8 degrees down-tilt

	UE Speed
	3km/h

	System Bandwidth
	50RBs

	Subband size
	5RBs 

	Scheduler
	Exhaust greedy PF

	Number of UEs per cell
	10 

	MU-MIMO 
precoding technique
	Maximal paired users is 2 or 4

	Channel estimation
	Ideal

	Receiver
	MMSE receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Sub-band CQI feedback
	according to CQI Table in LTE R10

	Feedback Delay
	4ms

	Feedback 
	SU/MU –MIMO adaptation

	
	For PUSCH 3-1 and 3-2: CQI and PMI reporting triggered per 5ms

	Overhead
	3 symbols for DL CCHs and DM-RS with 12 REs per PRB
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