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1. Introduction

In RAN1#62 meeting, the following points on 8Tx codebook were agreed:
· Slides 2 and 3 (in R1-10511 [1]) are agreed

· The codebooks that result from the expressions on slides 4, 5 and 6 (in R1-10511 [1]) are agreed

· Details of co-phasing/selection for W2 are agreed, unless consensus is reached on an alternative by Friday. 

· If a significant problem is identified, these details can be revisited at RAN1#62bis
Rank-3 W2 codebook design in [2] is such that two layers within one CW are in the same beam direction, Since the first layer is mapped to a codeword, and the last two layers are mapped to the other one for codeword-to-layer mapping of spatial multiplexing; we find that the last two layers with the same beam direction can have balanced equivalent SINR and then improve the CQI of the second codeword remarkably. Between RAN1#61bis and RAN1#62, some evaluations were carried on the W2 given below for rank-3, which proved to be beneficial and thus augmented these entries in rank-3 W2 in [1].
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By the same principle, we provided a modified W2 codebook for rank 4 in [3]. By changing the original W2 codebook
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into the modified version as
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where 
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e

 is an 8x1 selection vector with all zeros except for the n-th element with value 1, remarkable performance improvement (about 3dB) can be achieved. 
In this contribution, performance comparison between the original codebook and the modified one is provided for SU-MIMO under various settings through link level simulations. The reason for the big performance difference between two codebooks is analyzed. We propose revisiting 8Tx codebook rank 4 W2.
2. Performance evaluation
In this section, performance evaluation of 8Tx codebooks is provided by link level simulation for SU transmission. The considered codebooks include:
· The original codebook, resulting from the expressions in R1-10511 [1]
· The modified codebook, resulting from the expressions in R1-10511 [1], only changed rank 4 W2 into the modified version as
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where 
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 is an 8x1 selection vector with all zeros except for the n-th element with value 1.
Simulation assumptions in the agreed way forward [4] are adopted. The hybrid FDM CDM RS pattern shown in Figure 1 is used for simulation. 3 symbols of PDCCH and 2-ports CRS overhead is considered. The overhead of DM RS is 24 REs for rank 3~4, respectively. 8 CSI-RS ports with 1 RE/port/RB are inserted every 10 ms by data puncturing. The main parameters for link level simulation are given in appendix, Table A1. Both closely spaced dual-polarized (DP) and co-polarized ULA are considered.
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Figure 1: RS pattern for simulation
Figure 2 and Figure 3 show SU performance under DP and ULA configuration, respectively.
From Figure 2, the performance advantage of modified codebook over the original codebook in R1-10511 [1] is remarkable (about 3dB) under DP configuration. The reason is that the modified codebook can balance the equivalent SINR of the two layers in per codeword for rank 4 SU-MIMO, as these two layers are with the same beam direction. Since the first two layers are mapped to a codeword, and the last two layers are mapped to the other one for codeword-to-layer mapping of spatial multiplexing, we find that the two layers with balanced equivalent SINR in a codeword can improve the CQI of the codeword remarkably. Therefore, good performance is achieved by the modified codebook.
In Figure 3, the performance comparison between the original codebook and the modified one under ULA configuration is provided. Significant performance improvement can also be seen under ULA configuration.
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Figure 2: SU performance for rank 4 (DP, 0.5λ)
   Figure 3: SU performance for rank 4 (ULA, 0.5λ)
3. Conclusions
Based on the above discussion and simulation results, we propose that the rank 4 W2 codebook should be modified as
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Appendix
Table A1: Link level simulation assumptions

	Parameter
	Assumption

	Carrier frequency
	2.0GHz

	System bandwidth
	10MHz

	UE distribution
	1 UE per cell, uniformly distributed within
[image: image11.wmf][60,60]
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, changed per 400 subframes

	Data transmission BW
	6RBs

	Channel model
	Urban macro with high spread (15° angular spread)

	Fading speed
	3km/h


	Antenna polarization
	8 Tx at eNodeB with 0.5λ spacing, cross-polarized: +/- 45 degrees
4Rx at UE with 0.5λ spacing, cross-polarized: +90/0 degrees

	
	8 Tx at eNodeB with 0.5λ spacing, co-polarized: Vertically polarized antennas
4Rx at UE with 0.5λ spacing, co-polarized: Vertically polarized antennas

	
	ideal antenna calibration, fixed UE antenna orientation

	Link adaptation
	Without rank adaptation, AMC, HARQ with maximum 3 re-transmissions

	Receiver
	MMSE based on DM RS of serving cell

	Periodicity of CSI RS
	10ms

	Channel estimation
	2-D MMSE on CSI RS and DM RS

	PMI/CQI feedback delay
	5ms

	Precoding granularity
	All-band for PMI_1, 6RBs for PMI_2
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