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1. Introduction
In RAN1#83, following agreements, working assumption and conclusions for FD-MIMO codebook designs have been made [1][2]. 

Agreements:
· For rank 2 - 4, agreed R1-157789 with following update
· For rank 2, Config. 1, no beam selection, co-phasing is QPSK

· Change Configs.3 for rank2 to proposal from R1-157663
Working assumption:
· Rank 5 -8 codebook which captured in R1-157789 is supported
Conclusions:
· CR will include the codebook for rank 5 - 8 in R1-157789
· Email discussion until 7th January to identify if there is an issue with the codebook for rank 5 - 8 in R1-157789.
· Companies identifying an issue with the codebook can propose alternative codebook and companies are encouraged to have evaluations until the next RAN1 meeting
Also, through the e-mail discussion [83-11], following conclusions have been made.
· Two companies have expressed their concerns on the rank 5-8 codebook in R1-157789 and think the working assumption cannot be confirmed.  Two other companies propose to confirm the working assumption as they found no issue or little issue on the rank5-8 codebook in R1-157789.   

· One alternative proposal has been proposed. 

· Companies are encouraged to have evaluations until RAN1#84
In this contribution, we provide the rank 5-8 codebook performance evaluations and discuss the design of rank 5-8 codebook. 
2. Discussion on Rank 5-8 codebook designs
The codebook in [1] employs W1 only feedback for rank 5-8 similar to legacy 8Tx codebook. However, compared to 8Tx legacy codebook which requires 2-bit W1 feedback for rank 5-7 and zero bit W1 feedback for rank 8, the codebook in [1] requires at most 9 bits for the W1 feedback of rank 5-8 codebook. Besides, the codebook size varies according to the antenna port layout and configurations, and therefore the computational complexity becomes very high. Also, it has not been found any strong evidence by evaluations so far. 
To alleviate such complexity issue, through e-mail discussion [83-11], ZTE proposed an alternative scheme which reuses legacy 8Tx codebook for rank 5-8. This approach chooses 8 ports out of the configured 16 or 12ports to apply legacy 8Tx codebook as shown in Figure 1 (a). As will be shown in the evaluation section, such codebook may be suffered from the performance degradation due to the partial port transmission for rank 5-8. For this issue, we may simply consider the codebook where legacy 8Tx codebook is applied to both of two separated 8 ports as shown in Figure 1 (b).

Another issue for codebook design in [1] is class B CSI reporting with PMI-Config = 1 for rank 5-6. With codebook in [1], there exists only one codeword which choose {0, 1, 2} beams out of {0, 1, 2, 3} beams, since Class B codebook with PMI-Config = 1 depends on the class A codebook. This implies beam indexed 3 is always precluded for the construction of rank 5-6 class B codebook, and this may lead performance degradation. Therefore, allowing both W1 and W2 feedback for rank 5-8 codebook as in [3] may be another option for rank 5-8 codebook. 
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Figure 1. Graphical description for reusing legacy 8Tx codebook

3. Performance Evaluation
In this section, we evaluate the performance of various codebook designs discussed in section 2. For the evaluation, we assume that SU-MIMO and 3D-UMi scenario with (N1, N2, O1, O2)=(4, 2, 4 ,4), and the Config 2 is employed for rank 1-4 codebook. Detailed simulation parameters and assumptions are listed in Annex A. Table 1 compares the number of codewords for following codebook design options. Among codebook options, option 1 requires the largest number of codewords. 
· Option 1: employs Config 2 for rank 5-8 in [1].
· Option 2: reuses legacy 8Tx codebook for chosen 8 ports depicted in Figure 1 (a). In this scheme, total transmit power for rank 5-8 decreases by a half compared to rank 1-4 cases. 
· Option 3: applies legacy 8Tx codebook for both of two separated 8 ports depicted in Figure 1 (b). 
· Option 4: employs rank 5-8 codebook in [3].
Table 1: # of codewords for each codebook design with (N1, N2, O1, O2)=(4, 2, 4 ,4)
	
	Rank 5
	Rank 6
	Rank 7
	Rank 8

	
	W1 
	W2
	W1 
	W2
	W1 
	W2
	W1 
	W2

	Option 1
	128
	-
	128
	-
	128
	-
	128
	-

	Option 2
	4
	-
	4
	-
	4
	-
	1
	-

	Option 3
	4
	-
	4
	-
	4
	-
	1
	-

	Option 4
	8
	4
	8
	4
	4
	4
	4
	4


Table 2: Performance comparison among codebook options for low traffic load
	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Option 1
	4.964 
	
	1.375 
	
	4.444 
	0.28
	3.5

	Option 2
	4.548 
	-8.39%
	1.374 
	0.00%
	4.301 
	0.29
	3.5

	Option 3
	4.843 
	-2.45%
	1.325 
	-3.64%
	4.396 
	0.29
	3.5

	Option 4
	5.019 
	1.11%
	1.404 
	2.10%
	4.494 
	0.28
	3.5


   Table 2 provides performance comparison among codebook options. As shown in the Table 2, Option 4 which employs short-term feedback provides 1.1 % and 2.1% performance gain in terms of mean and 5% throughput, respectively, over option 1. Also, it is observed that Option 2 provides worst mean UE throughput. Figure 2 exhibits the CDF of the assigned ranks for the considered codebook options. In the plot, the CDF curves for Option 2 is jumped at rank 4 which means the number of UEs with more than rank 4 is small compared to other options. This may be because of the power deficiency for rank 5-8 transmission. 
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Figure 2. CDF of assigned ranks for Option 1-4.

From rank 5-8 codebook evaluation, we think that the working assumption cannot be confirmed due to the lack of evidence on the performance gain and also requiring high complexity.  Therefore, it is more desired that RAN1 will further discuss and decide rank 5-8 codebook in the next release.
Proposal 1. Rank 5-8 codebook for FD-MIMO should be further investigated in the next release. 

4. Conclusion
In this contribution, we discuss various codebook designs for rank 5-8 and evaluate their performance. The proposal based on the discussion above is given as follow:
Proposal 1. Rank 5-8 codebook for FD-MIMO should be further investigated in the next release. 
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 Annex A: Simulation Parameters and Assumptions
Table A-1: Simulation Parameters and Assumptions
	Scenarios 
	3D-UMi with ISD = 200m in 2GHz, 3D-UMa with ISD = 500m in 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) 

	System bandwidth 
	10MHz (50RBs) 

	UE attachment 
	Based on RSRP (formula) from CRS port 0 

	Duplex
	FDD

	Network synchronization
	Synchronized

	UE distribution 
	Follows TR36.873

	UE speed
	3km/h

	Polarized antenna modeling 
	Model-2 from TR36.873 

	UE array orientation 
	ΩUT,α uniformly distributed on [0,360] degree, ΩUT,β = 90 degree, ΩUT,γ = 0 degree

	UE antenna pattern 
	Isotropic antenna gain pattern A’(θ’,ф’) = 1 

	Traffic model 
	FTP Model 1 with packet size 0.5 Mbytes (low ~20% RU, medium ~50% RU, high ~70%RU) [4]

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)

	Receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel-12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions

	CSI-RS, CRS 
	CSI-RS one-to-one mapping to TXRU, only CRS port 0 is modeled for UE attachment, CRS port 0 is associated with the first TXRU

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback
	CQI, PMI and RI reporting triggered per 10ms

	
	Feedback delay is 5 ms 

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

	Transmission scheme
	TM10, single CSI process, SU-MIMO with rank adaptation (no CoMP) 

	Wrapping method
	Geographical distance based

	Handover margin
	3 dB 

	Metrics
	Average UE throughput, 5% UE throughput.
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