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1. Introduction

In this contribution, we provide initial evaluation results with enhanced implicit PMI feedback assuming 32 CSI-RS ports. Two types of enhanced implicit PMI are considered: one is codebook with high resolution Class A codebook [1] and the other is linear combination codebook [2]. Also, we generate a baseline codebook for 32 NP CSI-RS ports by simply extending Rel-13 Class A codebook Config 3.
2. Initial performance evaluation on enhanced implicit PMI.
Channel feedback accuracy is critical for MU-MIMO especially when eNB have massive TX antennas and there are several ways of channel feedback enhancements in both implicit feedback and explicit feedback. In this contribution we focus on implicit feedback and evaluate performance gain coming from PMI enhancement. In the following, we briefly explain baseline codebook and enhanced codebooks to support 32 CSI-RS ports for eFD-MIMO.
· Baseline codebook

It is straightforward to generate baseline codebook for 32 ports because Rel-13 Class A codebook has already had scalable codebook structure. With proper parameters N1, N2, O1, and O2 for 32 ports, we generate baseline codebook in the same way as Class A codebook. Among 4 codebook configurations, we use Class A codebook Config 3 and each of N1, N2, O1, and O2 is 4.

· High resolution Class A codebook (HR) [1]
This enhanced codebook is based on legacy Class A codebook but it is generated with more beam selectors comprising W2. In legacy Class A codebook, W1 beam group consist of 8 beams and only 4 of them can be selected by W2. On the other hand, in this high resolution Class A codebook, W1 beam group consists of 16 beams and all of them can be selected by W2. An example of W1 beam group comprising 16 beams are illustrated in Figure 1. Note that resolution of co-phase is the same as legacy codebook, i.e., 2bits for rank 1 and 1 bit for rank 2 and also note that, in addition to increasing beam selectors in W2, it can be considered to increase oversampling factor, O1 and O2, to generate high resolution codebook.
Equation (1) and (2) represent the high resolution codebook designs for rank 1 and 2, respectively, where m1 and m2 correspond to the 2D beam indices. m1, m2 and co-phase is feedback through W2. 
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Figure 1. An example of larger W1 beam group consisted of 16 beams
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· Linear combination codebook (LC)
LC codebook uses the same W1 and the same co-phase component of W2 as baseline codebook, but it uses different linear combination coefficient from baseline. Specifically, baseline codebook uses a selector so that coefficient is 1 for a beam vector but 0 for the other 3 beam vectors in W1 beam group. On the other hand, LC codebook uses various coefficients so that beam vectors corresponding to each antenna slant are generated by linear combination of four beams in W1 beam group. The coefficients for linear combination are feedback with co-phase through W2. In this simulation, we considers two different LC codebook using different coefficient set; LC codebook 1, 2 and 3 use coefficient set 1, 2 and 3, respectively, which can be found in Annex A.
Table 1 shows initial evaluation result under the evaluation assumption described in Annex A and B and also shows codebook size and oversampling factors. In this simulation, we assume 3D-UMi with (4,4,2,32) antenna port configuration.  Note that we assume (O1, O2) = (4, 4) except the case of HR CB with (O1, O2) = (8,4).
Table 1. Initial evaluation result on enhanced implicit PMI feedback
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Baseline CB (6,4), (6,4) 2.187 0.454 1.878 0.49 3

HR CB (6,6), (6,5) 2.265 3.58% 0.479 5.40% 1.970 0.47 3

HR CB with (O1,O2)=(8,4) (7,6), (7,5) 2.250 2.86% 0.486 7.05% 1.951 0.47 3

LC CB1 (6,6), (6,5) 2.205 0.82% 0.471 3.74% 1.896 0.48 3

LC CB2 (6,6), (6,5) 2.131 -2.58% 0.439 -3.39% 1.802 0.5 3

LC CB3 (6,10), (6,9) 2.183 -0.18% 0.470 3.41% 1.869 0.48 3

Config 3 (6,4), (6,4) 1.611 0.227 1.198 0.71 4

HR CB (6,6), (6,5) 1.695 5.23% 0.254 11.66% 1.270 0.69 4

HR CB with (O1,O2)=(8,4) (7,6), (7,5) 1.692 5.01% 0.257 13.02% 1.286 0.69 4

LC CB1 (6,6), (6,5) 1.646 2.19% 0.243 6.91% 1.220 0.7 4

LC CB2 (6,6), (6,5) 1.575 -2.20% 0.224 -1.63% 1.158 0.71 4

LC CB3 (6,10), (6,9) 1.624 0.81% 0.242 6.60% 1.216 0.7 4


Based on Table 1, we have following observations:

Observation 1: HR codebook achieves 3~5% average throughput gain and 5~11% edge throughput gain over baseline with the same oversampling factor.

Observation 2: LC codebook 1 achieves 0~2% average throughput gain and 3~6% edge throughput gain over baseline with the same oversampling factor.
Observation 3: LC codebook 2 shows average/edge throughput loss compared to baseline.
Observation 4: HR codebook achieves more throughput gain over LC codebook 1 with the same feedback overhead and LC codebook 3 with higher feedback overhead.

Observation 5: LC codebook 3 achieves 0~1% average throughput gain and 3~6% edge throughput gain over baseline with the same oversampling factor.

Observation 6: HR codebook with increased oversampling factor achieves 2~5% average throughput gain and 7~13% edge throughput gain over baseline.

Observation 7: Larger value of linear combination coefficient provides performance gain at the expense of increased feedback overhead. 

One reason for observation 3 is that LC codebook 2 does not support a single beam selection, which is possible for baseline codebook, and it uses non-optimized coefficients. 

3. Conclusion
In this contribution, we provide initial evaluation results with enhanced implicit PMI feedback assuming 32 CSI-RS ports. We compare throughput performance of baseline codebook, high resolution Class A codebook (HR), linear combination codebook (LC) and have the following observations:

Observation 1: HR codebook achieves 3~5% average throughput gain and 5~11% edge throughput gain over baseline with the same oversampling factor.

Observation 2: LC codebook 1 achieves 0~2% average throughput gain and 3~6% edge throughput gain over baseline with the same oversampling factor.

Observation 3: LC codebook 2 shows average/edge throughput loss compared to baseline.

Observation 4: HR codebook achieves more throughput gain over LC codebook 1 with the same feedback overhead and LC codebook 3 with higher feedback overhead.

Observation 5: LC codebook 3 achieves 0~1% average throughput gain and 3~6% edge throughput gain over baseline with the same oversampling factor.

Observation 6: HR codebook with increased oversampling factor achieves 2~5% average throughput gain and 7~13% edge throughput gain over baseline.

Observation 7: Larger value of linear combination coefficient provides performance gain at the expense of increased feedback overhead. 
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Annex A: Codebook coefficient for LC codebook
According to [2], the rank-1 LC codebook can be expressed as
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Also, the rank-2 LC codebook is given by
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Coefficients set 1: 4-bit coefficients to generate LC codebook are described in Table 2.

Table 2. 4-bit coefficients for LC codebook

	k
	c0,k
	c1,k
	c2,k
	c3,k

	0
	1
	1
	1
	1

	1
	1
	1
	1
	-1

	2
	1
	1
	-1
	1

	3
	1
	1
	-1
	-1

	4
	1
	-1
	1
	1

	5
	1
	-1
	1
	-1

	6
	1
	-1
	-1
	1

	7
	1
	-1
	-1
	-1

	8
	1
	0
	0
	0

	9
	0
	1
	0
	0

	10
	0
	0
	1
	0

	11
	0
	0
	0
	1

	12
	0
	1
	1
	1

	13
	1
	0
	1
	1

	14
	1
	1
	0
	1

	15
	1
	1
	1
	0


Coefficients set 2: 
ci,k
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{1,j} for i=0,1,2, and 3
Coefficients set 3: 

ci,k
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Annex B: Simulation Parameters and Assumptions
	Scenarios 
	3D-UMi with ISD = 200m in 2GHz

	BS antenna configurations 
	Antenna elements config: (2,4,2,16), (3,4,2,24), (4,4,2,32), X-pol (+/-45), 0.5λ horizontal / 0.8 λ vertical antenna spacing

	MS antenna configurations 
	2 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) 

	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 
	PUSCH 3-2

	
	CQI, PMI and RI reporting triggered per 5ms

	
	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, dynamic SU/MU-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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