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1 Introduction
In the WID of further downlink MIMO enhancement for LTE-Advanced [1], CSI feedback enhancement is included as one of the focused areas for study. It is required to 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. 

Due to the evaluation results provided by companies are diverse in SI, it is required to identify the reasons for diverse performance evaluation results. The reasons are analyzed and discussed in the proposals from different companies at RAN1#71 meeting. Then, the evaluation assumptions have been discussed and aligned in the email discussion. In this contribution, we present the evaluation results of two-stage codebook and sub-band CSI feedback mode, i.e. PUSCH 3-2, in Scenario A with the aligned evaluation assumptions.
2 Evaluation Results

Based on the agreed evaluation assumptions, we perform the system level evaluation using two-stage codebook and the PUSCH 3-2 CSI feedback mode in scenario A with full buffer and FTP 1 model. The design of two-stage codebook is described in Appendix A. In the evaluation, the non-ideal channel estimation and non-ideal interference is assumed, where the details of the modeling are described in Appendix B. It is noted that SU/MU-dynamic switching scheme is employed and the maximum number of paired users is selected as 2 to maintain the orthogonality of DMRS. Other evaluation assumptions are given in Appendix C.  

In Table 1 and Table 2, we present the evaluation results of two-stage codebook and PUSCH 3-2 with full buffer traffic model. Then, in Table 3, we also present the performance results with FTP 1. 
Table 1. Performance gain of Two-stage codebook and PUSCH 3-2 in scenario A with 100% outdoor users
	Outdoor-Indoor Users’ Ratio
	Codebook
	Feedback Mode
	Cell average (b/s/Hz)
	Cell avg. gain
	5% Cell edge (b/s/Hz)
	Cell edge gain

	100% Outdoor
	Rel-10 codebook
	PUSCH 3-1
	2.1050
	/
	0.06215
	/

	
	Two-Stage codebook
	PUSCH 3-1
	2.2414
	6.84%
	0.06286
	1.14%

	
	
	PUSCH 3-2
	2.3536
	11.81%
	0.06956
	11.92%


Table 2. Performance gain of Two-stage codebook and PUSCH 3-2 in scenario A with 80% indoor users
	Outdoor-Indoor Users’ Ratio
	Codebook
	Feedback Mode
	Cell average (b/s/Hz)
	Cell avg. gain
	5% Cell edge (b/s/Hz)
	Cell edge gain

	80% Indoor
	Rel-10 codebook
	PUSCH 3-1
	1.9130
	/
	0.05386
	/

	
	Two-Stage codebook
	PUSCH 3-1
	2.0084
	4.99%
	0.05458
	1.34%

	
	
	PUSCH 3-2
	2.1273
	11.20%
	0.06186
	14.85%


From Table 1 and Table 2, it can be observed that the relative performance gain with CSI feedback enhancement is marginally affected by the different ratio of outdoor-indoor user. More than 11% cell-average gain and 11%~15% cell-edge gain can be obtained with the two-stage codebook and PUSCH 3-2. The performance gain would be further improved when other techniques are employed, e.g., more paired users [2], smaller CSI reporting sub-band size [3]. 
Table 1 and Table 2 also show that, compared to PUSCH 3-1, more than 5% performance gain can be obtained with PUSCH 3-2 while the two-stage codebook is employed. Taking into account the time alignment error (TAE), more than 13% cell average gain and 18% cell edge gain can be obtained with PUSCH 3-2 as discussed in [4]. 
Table 3. Performance gain of Two-stage codebook and PUSCH 3-2 in scenario A with FTP1: 100% outdoor
	Outdoor-Indoor Users’ Ratio
	Codebook
	Feedback Mode
	RU
	Cell average UPT
	Cell avg. gain
	5% Cell edge UPT
	Cell edge gain

	100% Outdoor
	Rel-10 codebook
	PUSCH 3-1
	45.63%
	2.2181
	/
	0.5698
	/

	
	Two-stage codebook
	PUSCH 3-1
	44.95%
	2.2792
	2.75%
	0.6051
	6.20%

	
	
	PUSCH 3-2
	41.8%
	  2.4046
	8.30%
	0.6689
	17.39%


In Table 3, more than 8% cell-average gain is obtained with two-stage codebook and PUSCH 3-2 in FTP 1 traffic model with user arrival rate 
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. At the cell-edge users, more than 17% gain is obtained, which is due to the reduction of the retransmission probability with the enhanced codebook and feedback mode.
Observations:
1. The relative performance gain with CSI feedback enhancement is marginally affected by the different ratio of outdoor-indoor users.  
2. More than 11% performance gain can be obtained with the two-stage codebook and PUSCH 3-2.
3. Compared to PUSCH3-1, more than 5% performance gain is obtained with PUSCH 3-2 in the two-stage codebook scheme. Taking into account the effects of TAE, more than 13% cell average gain and 18% cell edge gain can be obtained [4].
4. In FTP 1 model, more than 8% is obtained by two-stage codebook and PUSCH 3-2, and 17% performance gain is obtained for the cell edge users.
3 Conclusions
In this contribution, we present the evaluation results based on the agreed evaluation assumptions. In the evaluation, the performance of two-stage codebook and sub-band feedback mode, PUSCH 3-2 is evaluated in Scenario A with full buffer and FTP 1 traffic model. Based on the evaluation results, there are the following observations:
1. The relative performance gain with CSI feedback enhancement is marginally affected by the different ratio of outdoor-indoor users.  
2. More than 11% performance gain is obtained with the two-stage codebook and PUSCH 3-2.

3. Compared to PUSCH3-1, more than 5% performance gain is obtained with PUSCH 3-2 in the two-stage codebook scheme. Taking into account the effects of TAE, more than 13% cell average gain and 18% cell edge gain can be obtained [4]. Thus, PUSCH 3-2 is a strong candidate for the 4TX CSI feedback enhancement.
4. In FTP 1 model 1, more than 8% is obtained by two-stage codebook and PUSCH 3-2, and more than 17% performance gain is obtained for the cell edge users.
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Appendix A: Two-stage Codebook Design
The used two-stage codebook in the evaluation has a similar structure as the 8 TX codebook in Rel-10. The details of the two-stage codebook for rank-1are given as follows,
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where 
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 is a wide-band / long-term feedback information, 
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 represents a sub-band / short-term feedback information.  Other parameters in ( 1 ) are defined as follows,
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From the configuration in ( 2 ), we can see that 4 bits are required for the wide-band PMI feedback, and from  ( 3 ) ~ ( 4 ), 4 bits are also needed for each sub-band PMI feedback. Rank-2 codebook design is also similar to the codebook design scheme for 8TX in R10, i.e.
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Appendix B: Channel Estimation and Interference Modeling
1. Channel Estimation Modeling
The MMSE channel estimation method is applied for DL CSI-RS and DM-RS. The estimation modeling is described as follows. The estimated channel coefficients can be written as
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where 
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is the estimated channel matrix, 
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 is the actual channel matrix, and 
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represents estimation error with complex Gaussian entries of independent and identical distribution. We use 
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 denotes one of the entries in
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. With MMSE estimator, the mean and variance of 
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where
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denotes the channel power, 
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is the transmit power of reference signal, and 
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is the interference plus noise power. At first, the estimation error
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can be generated accord to ( 7 ) and ( 8 ), and then, from ( 6 ), the estimated channel with MMSE estimator can be obtained.

2. Interference Modeling in MMSE-IRC

MMSE-IRC receiver is applied in the simulation, where the non-ideal receiver weight matrix is expressed as follow
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where 
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is the estimated channel with MMSE estimator from  ( 6 ), 
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denotes the Hermitian transpose, and 
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represents the covariance matrix, which can be written as


[image: image26.wmf]2

ˆ

ˆ

ˆ

ˆ

ˆ

ˆ

ˆ

HHH

sscckkn

k

s

æö

=+++

ç÷

èø

å

RHHHHHHI

,                                        ( 10 )

where 
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 is the total interference covariance matrix, including intra interference and inter interference. 

Due to the channel matrix 
[image: image28.wmf]ˆ

s

H

has been modeled in ( 6 ) with MMSE estimation, so it is not modeled again and we model the total interference covariance 
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, the non-ideal interference covariance matrix can be expressed as  [4]
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where 
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is generated by the Cholesky decomposition of the ideal interference covariance matrix 
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, and the lower triangular matrix 
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is generated according to Wishart distribution as follow


[image: image35.wmf]
[image: image36.wmf]1

212

12

/200

/20

/2

NNN

c

nc

nnc

éù

êú

êú

=

êú

êú

êú

ëû

A

L

L

MMOM

L

   ,                                          ( 12 )

where 
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is the number of receive antennas, 
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is the i.i.d. complex Gaussian entry with 
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is the Wishart distribution order. 

Appendix C: Simulation Assumptions
	Parameter
	Value

	Channel models
	3GPP case 1

	
	Fading Scenario: ITU UMa

	
	100% users are located outdoor or 
80% users are located indoorsmoutdoor []outdoor. users in scenario A i

















































































	Central Frequency
	2GHz

	Antenna configuration
	4 Tx at eNodeB with 
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spacing
Cross-polarized: ( 45 degrees 

	
	2 Rx at UE with 
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spacing
Cross-polarized: ( 45 degrees

	
	ideal antenna calibration
3D antenna pattern

	UE Speed
	3km/h

	System Bandwidth
	50RBs

	Subband size
	5RBs 

	Scheduler
	Exhaustive greedy PF

	Number of UEs per cell
	10 

	Transmit Mode
	TM10 with a single CSI process

	
	SU/MU –MIMO dynamic switching: rank-adaption.

	
	Maximum number of paired users is 2

	Receiver
	Non-ideal channel estimation

	
	Non-ideal interference modeling, Wishart order is selected as 
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	MMSE-IRC receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUSCH 3-1 or PUSCH 3-2

	
	CQI and PMI reporting triggered per 5ms

	
	Feedback delay is 5 ms

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

	
	Total overhead: 33.25%
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