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1 Introduction
In this contribution, we provide performance evaluation of the proposed codebook in [4] based on the agreed evaluation assumptions at RAN1#71 meeting. In the evaluation, the channel estimation and interference are assumed non-ideal, where the details of the modeling is described in [1]. It is noted that SU/MU-dynamic switching scheme is employed and the maximum number of paired users is selected as 2 and 1 layer for each user in MU-MIMO to maintain the orthogonality of DMRS. Other details of the assumptions are given in Appendix 1.

2 Evaluation Results in Scenario A
In Table 1 and Table 2, we present the evaluation results of new codebook with full buffer traffic model in Scenario A. Note that the details of the two-stage codebook in Table 1 and Table 2 were given in [1] , [2] and [3] respectively. Due to the relative performance gain with CSI feedback enhancement is marginally affected by the different ratio of outdoor-indoor user [1], we only provide the evaluation results with 100% outdoor users. In addition, because it is a difficult task for a multi-antenna transmitter to keep an adequate time alignment between antennas in real-life transmission, there is the time alignment error (TAE) is due to transmit filters, feeder cables and tower mounted amplifiers, etc. Thus, in the system simulation, we should take into account the impact of TAE. 
Since most of the proposed two-stage codebook structures follow the design of 8Tx codebook in Rel-10 and their W1 mismatch the wideband channel information more or less with TAE, we only evaluate the performance of the two-stage codebooks proposed in [1] , [2] and [3], where W1 contains 1, 2, 4 DFT vectors for selection in a group, respectively.
Table 1. Performance gain of the two-stage codebook in Scenario A with TAE=0 ns
	Codebook
	Feedback Mode
	Cell average (b/s/Hz)
	Cell avg. gain
	5% Cell edge (b/s/Hz)
	Cell edge gain

	PUSCH 3-1
	Rel-10 Codebook
	2.2298
	/
	0.05444
	/

	
	Two-stage Codebook of ALU in [1]
	2.2975
	3.04%
	0.05658
	3.93%

	
	Two-stage Codebook in [2]
	2.3079
	3.50%
	0.05710
	4.89%

	
	Two-stage Codebook of CATT [3]
	2.2795
	2.23%
	0.05764
	5.88%

	PUSCH 3-2
	Rel-10 Codebook
	2.2024
	/
	0.05748
	/

	
	Two-stage Codebook of ALU in [1]
	2.3609
	7.20%
	0.06079
	5.76%

	
	Two-stage Codebook in [2]
	2.3906
	8.55%
	0.06306
	9.71%

	
	Two-stage Codebook of CATT [3]
	2.3362
	6.08%
	0.06351
	10.49%


Table 2. Performance gain of the two-stage codebook in Scenario A with TAE=65 ns
	Feedback Mode
	Codebook
	Cell average (b/s/Hz)
	Cell avg. gain
	5% Cell edge (b/s/Hz)
	Cell edge gain

	PUSCH 3-1
	Rel-10 Codebook
	1.9267
	/
	0.04770
	/

	
	Two-stage Codebook of ALU in [1]
	1.9188
	0.0%
	0.04781
	0.0%

	
	Two-stage Codebook in [2]
	1.9204
	0.0%
	0.04755
	0.0%

	
	Two-stage Codebook of CATT [3]
	1.9205
	0.0%
	0.04843
	1.53%

	PUSCH 3-2
	Rel-10 Codebook
	2.1825
	/
	0.05764
	/

	
	Two-stage Codebook of ALU in [1]
	1.9741
	-9.55%
	0.05276
	-8.47%

	
	Two-stage Codebook in [2]
	2.0568
	-5.76%
	0.05686
	-1.35%

	
	Two-stage Codebook of CATT [3]
	2.1670
	-0.71%
	0.05866
	1.77%


From Table 1 and Table 2 , we can see that the performance gain of two-stage codebook will be reduced and even worse if the practical TAE is taken into account. The performance loss of the two-stage codebook is caused due to the mismatch of W1 and the wideband channel information. Thus, we prefer to reuse the Rel-10 codebook for 4Tx with W1 being an identity matrix in Scenario A.
Observations: The performance gain of two-stage codebook will be reduced due to the mismatch of W1 and wideband information when TAE is taken into account in the real-life transmission.

Proposal: Rel-10 codebook for 4Tx is preferred to be reused with W1 being an identity matrix in Scenario A.
3 Evaluation Results in Het-net Scenario C1
In Table 3, we present the simulation results of the physical antenna selection codebook in Het-net Scenario C1, which has been proposed in [4]. We also compare the performance of the proposed codebook with the existing codebook, i.e. Rel-10 codebook. In the simulation, the traffic model is FTP 1 and the arrival rate is assumed as
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. Other simulation assumptions are given in Appendix 1.
Table 3. Performance gain of the new codebook in Scenario C1 with 
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	Arrival rate
	Codebook
	Cell average UPT
	Cell average gain
	5% Cell edge 
UPT
	5% Cell edge gain

	FTP1: Lambda =  4,
PUSCH 3-1
	Rel-10 codebook
	1.5550
	/
	0.2772
	/

	
	Reduced Power of Rel-10 codebook

	1.8396
	18.30%
	0.3160
	14%

	
	Physical Antenna Selection Codebook in [4]
	1.9247
	23.77%
	0.3509
	26.59%


In Table 3, with physical antenna selection codebook in [4], more than 23% cell-average gain and more than 26% cell-edge gain are obtained in Het-net Scenario C1, respectively. The performance gain comes from the co-channel interference reduction to Pico users, load balance and more accurate CQI feedback with the help of stability of interference. Table 3 also shows that the proposed codebook is better than the reduced power of Rel-10 codebook, where more than 10% performance gain can be obtained in cell-edge users. 
Observations: 
1. More than 23% and 26% cell average and cell edge gains can be obtained respectively with the proposed codebook in Scenario C1 with the user arrival rate
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2. The proposed codebook outperforms the scheme with reduced power of Rel-10 codebook, especially for cell-edge users, where more than 10% can be obtained.
Proposal: Physical antenna selection codebook, proposed in [4], can obtain considerable performance gain. Thus, it should be adopted in Rel-12.

4 Conclusions
In this contribution, we present the evaluation results based on the agreed evaluation assumptions. From the evaluation results, there are the following observations and proposals:
Observations: 
1. The performance gain of two-stage codebook will be reduced by the mismatch of W1 and wideband information when TAE is taken into account in the real-life transmission.
2. More than 23% and 26% cell average and cell edge gains can be obtained respectively with the new codebook in Scenario C1 with the user arrival rate
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3. The proposed codebook also outperforms the scheme with reduced power of Rel-10 codebook, especially for cell-edge users, where more than 10% can be obtained.

Proposals: 

1. Rel-10 codebook for 4Tx is preferred to be reused with W1 being an identity matrix in Scenario A.
2. Physical antenna selection codebook, proposed in [4], can obtain considerable performance. Thus, it should be adopted in Rel-12.
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Appendix 1: Simulation Assumptions
	Parameter
	Value

	Channel Mode
	Fading Scenario: ITU UMa for Macro and UMi for LPN

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

















































































	Central Frequency
	2GHz

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

	
	2 Rx at UE with 
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	ideal antenna calibration
3D antenna pattern

	UE Speed
	3km/h

	System Bandwidth
	50RBs

	Subband size
	5RBs 

	Scheduler
	Exhaustive greedy PF

	LPN configuration
	Number of Macro BS per cell: 1

Number of LPN BS per cell: 4

	
	Number of UEs per Macro: 10
Number of UEs per LPN cell: 5

	
	Power of Macro BS: 46 dBm

Power of LPN : 30 dBm

	
	Number of Antennas in LPN: 2

	Transmit Mode
	TM10 with a single CSI process

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

max 2 layers for each user in SU-MIMO

	
	Maximum number of paired users is 2,

 1 layer for each user in MU-MIMO

	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 / 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%











� Reduced power of Rel-10 codebook1: The power of Rel-10 codebook is reduced 6dB at the Macro BSs, where the transmission power is the same as the proposed codebook in � REF _Ref351735917 \r \h ��[4]�.
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