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1. Introduction

In RAN1#86b, the following working assumption was made, and in email discussion [86b-09] the following proposal was agreed:

Working Assumption:

· {4,8,12,16,20,24,28,32} CSI-RS ports are supported in advanced CSI

· Aim for a unified structure, with a single common CSI reporting mechanism which is dimensioned or scalable to support all the numbers of ports

· If it turns out that a particular number of ports is not smoothly supportable, then it can be removed from the list
Proposal
· For advanced CSI feedback, at least one of the following types of beam group is supported 
· Type 1: Class A based W1 (non-orthogonal) 
· Type 2: Unrestricted orthogonal W1 
· Type 3: Orthogonal beams with restricted beam pattern 
· For advanced CSI feedback, RAN1 will specify only rank-1 and rank-2 codebooks 
· FFS, rank 3-4 
· Note: For rank 5-8, Rel.13 codebooks, as well as the extension and/or enhancement to more than 16 ports, can be reused 

In this contribution, we provide 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 one is linear combination (LC) based codebook designs [2]. Also, we generate a baseline codebook for 32 NP CSI-RS ports by simply extending Rel-13 Class A codebook.
2. 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. 

Table 1 shows evaluation results under the evaluation assumption described in Annex A, B and C and also shows codebook size and oversampling factors. The advanced schemes are based on non-orthogonal W1, i.e, reusing Rel-13 codebook Config 3. In this simulation, we assume 3D-UMi with (4, 4, 2, 32) antenna array configuration.  Note that we assume (O1, O2) = (4, 4) and codebook Config 3 for baseline and LC codebook. 
Table 1. Evaluation results on advanced CSI based on non-orthogonal W1 in UMi
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Baseline (Config 3) (6,4) (6,4) 2.187 0.454 1.878 0.49 3

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

LC codebook 1 (6,8) (6,7) 2.183 -0.18% 0.470 3.41% 1.869 0.48 3

LC codebook 2 (6,7) (6,6) 2.192 0.21% 0.463 1.98% 1.887 0.48 3

LC codebook 3 (6,7) (6,6) 2.229 1.94% 0.472 3.90% 1.923 0.48 3

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

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

LC codebook 1 (6,8) (6,7) 1.624 0.81% 0.242 6.60% 1.216 0.7 4

LC codebook 2 (6,7) (6,6) 1.637 1.65% 0.244 7.30% 1.223 0.7 4

LC codebook 3 (6,7) (6,6) 1.668 3.55% 0.249 9.59% 1.258 0.69 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: HR codebook achieves more throughput gain over LC codebook 1, 2 and 3.

Observation 3: In comparison between LC CB 1 and 2, linear combination of 2 beams achieves similar performance with linear combination of 4 beams.
Observation 4: In comparison between LC CB 2 and 3, legacy single beam selector contributes to performance increase on top of linear combination of 2 beams.
Table 1 shows that HR codebook achieves higher performance gain than LC CB. We think one of the reasons for this is that combining multiple beams is not good for generating sharp beams. In other words, combining multiple narrow grid of beams results in wide beam, therefore making it hard to fully achieve beamforming gain especially for edge UE. Second, LC CB 1 always combines 4 beams with equal power and this restriction makes it hard to represent UE’s DL channel accurately in general. If UE’s DL channel consists of 4 equally dominant paths, LC CB 1 may achieve good performance but in the other case it has a limitation to represent channel direction accurately. Furthermore, combining DFT vectors does not result in DFT vector, which can well represent channel characteristic of LOS-dominant UE.
Table 2 and 3 show evaluation results under the evaluation assumption described in Annex A, B and C and also show codebook size and oversampling factors. The advanced schemes are based on orthogonal W1. In this simulation, we assume 3D-UMi/UMa with (4, 4, 2, 32) antenna array configuration.  Note that we assume (O1, O2) = (4, 4) to accelerate the simulation and codebook Config 2 for baseline and LC codebook. We generate orthogonal W1 based on legacy Class A Config 2 by restricting p1=p2=O1=O2, and to design plentiful orthogonal W1 we limit s1=s2=1.
Table 2. Evaluation results on advanced CSI based on orthogonal W1 in 3D-UMi
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Baseline (Config 2) (6,4) (6,4) 2.905 0.821 2.778 0.27 2

HR codebook (6,6) (6,5) 3.079 6.00% 0.891 8.46% 3.077 0.26 2

LC codebook 1 (8,8) (8,8) 2.730 -6.02% 0.636 -22.58% 2.548 0.3 2

LC codebook 2 (8,7) (8,7) 2.835 -2.41% 0.722 -12.10% 2.721 0.28 2

LC codebook 3 (8,7) (8,7) 3.003 3.38% 0.839 2.09% 2.941 0.27 2

LC codebook 4 (8,7) (10,9) 3.033 4.40% 0.855 4.05% 3.03 0.26 2


Table 3. Evaluation results on advanced CSI based on orthogonal W1 in 3D-UMa
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Baseline (Config 2) (6,4) (6,4) 2.250 0.533 1.905 0.35 2

HR codebook (6,6) (6,5) 2.388 6.10% 0.573 7.46% 2.083 0.33 2

LC codebook 1 (8,8) (8,8) 2.054 -8.71% 0.428 -19.78% 1.667 0.38 2

LC codebook 2 (8,7) (8,7) 2.127 -5.47% 0.475 -11.03% 1.717 0.37 2

LC codebook 3 (8,7) (8,7) 2.320 3.11% 0.564 5.78% 1.970 0.34 2

LC codebook 4 (8,7) (10,9) 2.353 4.57% 0.580 8.76% 1.98 0.34 2


Based on Table 2 and 3, we have following observations:

Observation 5: the performance of LC codebook based on orthogonal W1 is lower than baseline, in case of orthogonal W1.
Observation 6: HR codebook achieves more throughput gain over LC codebook 1, 2, 3 and 4 with orthogonal W1.
Observation 7: In comparison between LC CB 2 and 3, linear combination of multiple beams does not contribute to increasing performance, in case of orthogonal W1.
Observation 8: In comparison between LC CB 2 and 3, legacy single beam selector contributes to performance enhancement on top of linear combination of 2 beams, in case of orthogonal W1.

Observation 9: In comparison between LC CB 3 and 4, amplitude coefficient contributes to slight performance enhancement on top of phase only linear combination of 2 beams, in case of orthogonal W1.
In our view, the reason for low performance of LC codebook is that the limitation of equal power linear combination of multiple orthogonal beams is obstructing accurate representation of channel eigen vector. For example, even when eigen vector is very close to one orthogonal beam v1, the limitation causes equal power sum of v1 and another beam orthogonal to v1. As a result, PMI cannot represent channel eigen vector with high accuracy. On the other hand, according to Table 1 with non-orthogonal W1, the limitation seems not very critical, compared to Table 2 and 3, because all of beams to be combined are highly correlated. In other words, since all of the beams are close to eigen vector, equal power limitation can still help represent channel direction with accuracy, even though LC codebook shows lower performance than HR codebook in this case as well. 

In non-orthogonal LC codebook, W1 defines narrow range of beam space since beams in W1 are highly correlated each other, but, in orthogonal LC codebook, W1 defines wide range of beam space. As a result, for a given W2 feedback overhead, non-orthogonal LC codebook represents high resolution beam directions within narrow range of beam space defined by W1. On the other hand, orthogonal LC codebook represents low resolution beam directions within wide range of beam space defined by W1. Thus, orthogonal LC should be combined with amplitude and phase coefficients for accurate CSI reporting. In this case, however, amount of feedback overhead linearly increases as the number of combining beams grows.  
Based on our observations and the current agreement, only Type 1, i.e., non-orthogonal W1 based LC codebook, should be supported. In addition, in Table 1, we observe that 1or 2 beam combinations (LC codebook 3) achieves better performance with 4 beam combination (LC codebook 1) even though feedback overhead of LC codebook 3 is lower than LC codebook 1. Therefore, LC codebook 3 should be supported. If LC codebook 1 has a clear benefit in certain scenario we can consider RRC configuration between LC codebook 1 and 3.
Proposal 1: Only Type 1, i.e., non-orthogonal W1 based LC codebook, should be supported.
Proposal 2: LC codebook 3 should be supported.
Regarding Rank 3 and 4 codebook enhancement, we can reuse legacy codebook without enhancement considering the limited time (only two meetings left) and the main target of advanced codebook is MU-MIMO enhancement in which rank per UE is 1 or 2 in most cases.
Proposal 3: For rank 3 and 4, extension and/or enhancement of Rel.13 Class A codebooks are reused.

3. Conclusion
In this contribution, we provide 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 and proposal:

Observation for non-orthogonal W1:

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: HR codebook achieves more throughput gain over LC codebook 1, 2 and 3.

Observation 3: In comparison between LC CB 1 and 2, linear combination of 2 beams achieves similar performance with linear combination of 4 beams.

Observation 4: In comparison between LC CB 2 and 3, legacy single beam selector contributes to performance increase on top of linear combination of 2 beams.
Observation for orthogonal W1:

Observation 5: the performance of LC codebook based on orthogonal W1 is lower than baseline, in case of orthogonal W1.
Observation 6: HR codebook achieves more throughput gain over LC codebook 1, 2, 3 and 4 with orthogonal W1.
Observation 7: In comparison between LC CB 2 and 3, linear combination of multiple beams does not contribute to increasing performance, in case of orthogonal W1.
Observation 8: In comparison between LC CB 2 and 3, legacy single beam selector contributes to performance enhancement on top of linear combination of 2 beams, in case of orthogonal W1.

Observation 9: In comparison between LC CB 3 and 4, amplitude coefficient contributes to slight performance enhancement on top of phase only linear combination of 2 beams, in case of orthogonal W1.
Proposal 1: Only Type 1, i.e., non-orthogonal W1 based LC codebook, should be supported in Rel-14.

Proposal 2: LC codebook 3 should be supporte.
Proposal 3: For rank 3 and 4, extension and/or enhancement of Rel.13 Class A codebooks are reused.
______________________________________________________________________
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Annex A: Description on Codebooks

· 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 1 or 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 Rel-13 Class A codebook, W1 beam group consists of 1 or 4 beams depending on the codebook Configs. 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.

Annex B: Codebook coefficient for LC codebook
According to [2], the rank-1 LC codebook can be expressed as
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where 
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Also, the rank-2 LC codebook is given by
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Given LC codebook structure in (A-1) and (A-2), we consider following 3 LC based schemes which have different beam combination and their coefficient set. 

· Coefficients set 1: is 
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Thus, the final codeword can be obtained by linear combination of 4 beams. 
· Coefficients set 2: is 
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{(0,1), (0,2), (0,3), (1,2), (1,3), (2,3)} and other coefficients are zero. It means two beams are selected from W1 beam group and conducts linear combination of the two beams with coefficients set of 
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· Coefficients set 3: is union of legacy single beam selector and Coefficients set 2.
· Coefficients set 4: includes uniform amplitude coefficients of {0.25, 0.5, 0.75, 1} in addition to phase coefficients of Coefficients set 3.

For the ease of explanation, we provide Table A-1. In the Table, LC indices 0~23 corresponds to Coefficients set 2 and LC indices 0~27 corresponds to Coefficients set 3. 
Table A-1. Linear combination coefficients for set 2 and 3
[image: image14.emf]LC index ci1 ci2 ci3 ci4

0 1 1 0 0

1 1 j 0 0

2 1 -1 0 0

3 1 -j 0 0

4 1 0 1 0

5 1 0 j 0

6 1 0 -1 0

7 1 0 -j 0

8 1 0 0 1

9 1 0 0 j

10 1 0 0 -1

11 1 0 0 -j

12 0 1 1 0

13 0 1 j 0

14 0 1 -1 0

15 0 1 -j 0

16 0 1 0 1

17 0 1 0 j

18 0 1 0 -1

19 0 1 0 -j

20 0 0 1 1

21 0 0 1 j

22 0 0 1 -1

23 0 0 1 -j

24 1 0 0 0

25 0 1 0 0

26 0 0 1 0

27 0 0 0 1


Annex C: 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: (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 (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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