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1. Background and Introduction
In RAN1#83, the following working assumption was made: 
Rank 5 - 8 codebook which captured in R1-157789 [1] is supported. 
However in RAN1#84, there is no consensus on rank 5-8 codebook.
Conclusions:
· Companies are requested to evaluate rank 5 – 8  codebook design for class A based on R1-161355, R1-160850, and R1-160613 until the next meeting
· Companies should take into acount the correction of R1-161355
· RAN1 will decide a final conclusion related rank 5 – 8 codebook design issues for class A based on evaluation results and technical analysis before or in the next meeting 
· RAN1 also will decide a final conclusion related to  R1-161204 before or in the next meeting

In this contribution, we provide some evaluation results for further discussion.

2. Simulation Results
From our system level simulation results, it is observed that very few UE (less than 5%) would select rank5-8. This is unfair for comparison because the limited gain of R13 codebook is due to few rank5-8 UE in the system level. Thus we conduct link level simulation in which it is possible to construct directly UE with rank greater than 5. In the following simulation, when SINR is greater than 30dB, the percentage of rank 5-8 is almost 100%.
Observation 1: In the system level simulation, the percentage of UE with rank greater than or equal to 5 is less than 5%. Thus it is fairer to compare rank 5-8 codebook performance through link level simulation, in which rank 5-8 percentage would very high under high SNR.
In this simulation SU-MIMO and 3D-UMA scenario with (N1, N2, O1, O2)=(4, 2, 4 ,4) is assumed, and Config 4 is employed. Detailed simulation parameters and assumptions are listed in Annex A. 
Evaluated schemes are listed as below (Rank 5-8):
· Option 1: employ Config 4 for rank 5-8 in [1].
· [bookmark: OLE_LINK3]Option 2: reuse legacy 8Tx codebook with port selection depicted in Figure 1 (a) as in [2] . 
· Option 3: reuse legacy 8Tx codebook with port selection depicted in Figure 1 (b) as in [3].  

Figure 1. Graphical description for reusing legacy 8Tx codebook
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Figure 2. performance of different codebooks
From figure 2 it can be seen that with SNR lower than 20dB, all three options have the same performances, since the users mainly chose rank 1-4. When SNR increases beyond 20dB, SE of option 1 is slightly higher than option 2 and option 2 has better performance than option 3. It can be seen that R13 FD-MIMO codebook still has very litlle gain in link level compared to R10 codebook.

Observation 2: Even for link level simulation where there are more UEs with rank greater than 5, R13 FD-MIMO codebook still has limited gains compared to R10 codebook.
3. Conclusion
Observation 1: In the system level simulation, the percentage of UE with rank greater than or equal to 5 is less than 5%. Thus it is fairer to compare rank 5-8 codebook performance through link level simulation, in which rank 5-8 percentage would very high under high SNR.
Observation 2: Even for link level simulation where there are more UEs with rank greater than 5, R13 FD-MIMO codebook still has limited gains compared to R10 codebook.
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Annex A: Simulation Parameters and Assumptions
Table A-1: Simulation Parameters and Assumptions
	Scenarios 
	3D-UMA， 2GHz

	BS antenna configurations 
	Antenna elements config: (+/-45), 0.5λ horizontal / 0.8 λ vertical antenna spacing

	MS antenna configurations 
	8 Rx X-pol (0/+90) 

	Allocated RB
	6RBs

	Doppler frequency shift
	5Hz

	Receiver
	LMMSE receiver

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback
	CQI, PMI and RI reporting triggered per 10ms

	
	Feedback delay is 5 ms 

	AMC
	On

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB 
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