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1 Introduction

In 3GPP RAN1#86 meeting, the configurations of (N1, N2) and (O1, O2) for codebook design were discussed but without consensus. In this contribution, we first discuss the configuration combinations of (N1, N2) and (O1, O2) and provide our views on the codebook configurations. Then codebook design for up to 32 CSI-RS ports is presented and the evaluation results show the performance gain over Rel-13 codebook extension.     
2 Codebook configurations 

Our concerns on supporting codebook configurations are on
· Specification effort

There are total 19 combinations of (N1, N2) for {20, 24, 28, 32} CSI-RS ports. Even removing 4 (1, Nx) configurations, there are 15 combinations left for codebook design, far beyond the number of Rel-13 port layouts, i.e. 5 (N1, N2) combinations. Such large number of ports layout definitely burden standardization effort, especially considering that we have to reach the target of 90~95% codebook specification on next RAN1 meeting. Taking the remaining time slots and specification quality into account, we should put our effort on those that has substantial gain. Hence we propose to further reduce the number of codebook configurations.
Observation1: We don’t have sufficient time to specify large number of codebook configurations if we want to reach the target of 90~95% codebook specification within two RAN1 meetings.
· Performance
Regarding the system design, it is always desirable to be as simple as possible. The necessity of all or a large group of codebook combinations should be justified to avoid unnecessary complexity. Taking 24 ports as an example, the configurations (N1,N2, O1,O2)=(3, 4, 8, 4),  (N1,N2, O1, O2)=(4, 3, 8, 4) and (N1,N2, O1, O2)=(4, 3, 4, 4) represent the following antenna port layouts and oversampling factor, as shown in Fig 1, where O_h and O_v represents the oversampling factor for horizontal and vertical respectively. It can be observed that for each practical antenna port configuration, there are three oversampling factors. The necessity of three oversampling factor should be justified. 
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Observation2: For some antenna port layouts there are 3 oversampling factors. Up to now, the necessity of these oversampling factors is not justified. 
According to the discussion above, we propose to further reduce the number of combinations. The down-selection should depend on evaluation results.  
Proposal1: Further reduce the number of combination for codebook design.

 If similar performance was observed for different oversampling factors, we propose  
Proposal2: Specify codebooks for the configurations illustrated in Table1
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CSI-RS antenna ports, P (N1,N2) (O1, O2)

20 ports

(2,5) (8,4), (8,8)

(5,2) (8,4), (4,4)

(10,1) (4,-), (8,-)

(1,10) (-,4),(-,8)

24 ports

(3,4) (8,4), (8,8)

(4,3) (8,4), (4,4)

(2,6) (8,4), (8,8)

(6,2) (8,4), (4,4)

(12,1) (4,-), (8,-)

(1,12) (-,4),(-,8)

28 ports

(2,7) (8,4), (8,8)

(7,2) (8,4), (4,4)

(14,1) (4,-),(8,-)

(1,14) (-,4),(-,8)

32 ports

(2,8) (8,4), (8,8)

(8,2) (8,4), (4,4)

(4,4) (8,4),(4,4)

(16,1) (4,-),(8,-)

(1,16) (-,4),(-,8)


Table1: codebook configurations for {20, 24, 28, 32} CSI-RS ports
3 Codebook Design

With the increased number of antenna ports, the DFT based codebook forms much narrower beams. Consequently, legacy Rel-13 W1 may have the coverage issue due to narrower beams. This issue is even worse for the case of 1D antenna port layout, i.e. (N1, N2) = (16, 1). With the layout, the coverage of using legacy codebook-config4 W1 is equivalent to one beam of Rel-10 8Tx codebook. We can anticipate significant performance loss due to such narrow W1 coverage.

Some schemes were proposed to increase W1 spatial coverage, including 

· Scheme1: More beams in W1. The beam pattern for antenna configuration (N1, N2)= (8, 2) can be exemplary as
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Fig.1 Beam pattern for (N1, N2)= (8,2)

This beam pattern surely achieves the same coverage of legacy R13 W1. One drawback of this scheme is increased bits number for beam selection in PMI2 feedback, i.e. 4 bits for beam selection, and 2 bits for co-phasing for each subband. Considering PMI2 are subband and short term feedback, more bit number of PMI2 will lead to large overhead. In addition, for PUCCH mode2 feedback, the maximal available bits number for PMI2 is 4 bits. More than 4 bits PMI2 is hard to be supported by using existing periodic feedback mode.

· Scheme2: Configurable beam spacing. eNB can configure the beam spacing in W1 according to channel environment.  For instance, 
[image: image4.emf]   for small angel spread

[image: image5.emf]   for large angle spread

Fig.2 eNB configured beam spacing for (N1,N2) = (8,2)
By increasing beam spacing, the spatial coverage of W1 is enlarged. However in scenario with rich scatters, the channel path may come from any direction. The channel taps may fall in any beams in 
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 with equal probability. A fixed beam pattern with 4 scattered beams has high probability to miss some major channel taps and lead to performance loss.
Observations3:
·  More than 4 beams in W1 will increase PMI2 feedback overhead

·  Configurable beam spacing cannot cover rich paths with large angle spread due to scattered structure.
In our view, a more proper way to solve this issue is to design more beam patterns with each beam pattern corresponding to one multi-path distribution. For instance, the beam patterns for (N1, N2) = (8, 2) are shown in Fig 3.
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Beam pattern1                                       Beam pattern2                                         Beam pattern3   

Fig.3 Three beam pattern for (N1, N2) = (8,2)
Based on the CSI-RS, UE measures the channel information and reports one preferred beam pattern together with PMI1, which matches the channel condition that UE is experiencing. For instance, if the major channel paths fall into beam pattern1, the UE should reports corresponding beam pattern together with PMI1. After certain period of time, the directions of major paths may change, and can be covered by beam pattern 3. Then beam pattern 3 should be reported by UE.
In summary, three beam patterns for (N1, N2) = (8,4) ,(4,4) and (16,1) are defined in Fig4. A beam group is composed of 16 beams for (N1, N2) = (8,4) and (4,4). Three beam patterns are designed to capture different channel AoA. For 1D antenna with (N1, N2) =  (16,1), one beam group is composed of 8 beams. The beam patterns are illustrated in Fig4.
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Fig4.  Beam pattern design for Codebook-config=3
With those beam patterns design, UE has more opportunities to find a set of optimal or suboptimal beams that matches the directions of instantaneous channel paths. The system performance can be guaranteed.

The beam groups spacing in horizontal and vertical domain can be p1=p2=2. The number of bits for 32 ports codebook PMI1 is 
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. The maximal bit number is 9 bits when O1=8 and O2=4, which does not exceed the capacity of PUCCH. The number of PMI2 is the same as legacy R13 codebook. 

Based on discussion above, we propose
Proposal 3: Specify multiple beam patterns for W1. Beam pattern reporting is wideband and long-term characteristic. 
4 Evaluation results
The evaluation of proposed codebook design for (N1, N2) = (4, 4) and (O1, O2) = (8, 4) are performed in 3D UMi channel model. The FTP1 traffic model around 60% RU is used in evaluation. The extension of R13 codebook-config3 codebook for 32 antenna ports is used as a baseline. The detailed simulation conditions can be found in Appendix. The simulation results of cell edge and cell average UPT are illustrated in Fig5.
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Fig5. Performance comparison between R13 extension and proposed codebook design
From the simulation results we can see, under 3D-UMi channel model and bust traffic with 60% RU, our proposal has similar cell edge performance as R13 extension codebook. As for the cell average performance, our proposal shows 4.5% gain over R13 codebook extension. 
Observation 4: Under 3D-UMi channel model and bust traffic with 60% RU, based on proposed codebook, we observe

· Similar cell edge performance as R13 extension codebook. 
· 4.5% cell average gain over R13 codebook extension.
5 Conclusions

This contribution first discusses the combinations for codebook that should be specified in Rel-14. We have the following observations
Observation1: We don’t have sufficient time to specify large number of codebook configurations if we want to reach the target of 90~95% codebook specification within two RAN1 meetings.
Observation2: For some antenna port layouts there are 3 oversampling factors. Up to now, the necessity of these oversampling factors is not justified. 
Observation3: Regarding codebook design, we observe that
·  More than 4 beams in W1 will increase PMI2 feedback overhead

·  Configurable beam spacing cannot cover rich paths with large angle spread due to scattered structure.
Observation 4: Under 3D-UMi channel model and bust traffic with 60% RU, based on proposed codebook, we observe

· Similar cell edge performance as R13 extension codebook. 
· 4.5% cell average gain over R13 codebook extension.
And we propose
Proposal1: Further reduce the number of combination for codebook design.

 If performance shows similar for different oversampling factors, we propose  
Proposal2: Specify codebooks for the configurations illustrated in below Table
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CSI-RS antenna ports, P (N1,N2) (O1, O2)

20 ports

(2,5) (8,4), (8,8)

(5,2) (8,4), (4,4)

(10,1) (4,-), (8,-)

(1,10) (-,4),(-,8)

24 ports

(3,4) (8,4), (8,8)

(4,3) (8,4), (4,4)

(2,6) (8,4), (8,8)

(6,2) (8,4), (4,4)

(12,1) (4,-), (8,-)

(1,12) (-,4),(-,8)

28 ports

(2,7) (8,4), (8,8)

(7,2) (8,4), (4,4)

(14,1) (4,-),(8,-)

(1,14) (-,4),(-,8)

32 ports

(2,8) (8,4), (8,8)

(8,2) (8,4), (4,4)

(4,4) (8,4),(4,4)

(16,1) (4,-),(8,-)

(1,16) (-,4),(-,8)


Proposal 3: Specify multiple beam patterns for W1. Beam pattern reporting is wideband and long-term characteristic. 
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Appendix: 
Simulation Assumptions

	Parameter
	Value

	Central Frequency
	2GHz

	Antenna configuration
	64 antenna elements, where 8 elements are in vertical domain, X-pol (+/-45), 0.5λ and 0.8λ spacing separately for horizontal dimension and vertical dimension, θetilt = 100 degrees.

	
	2 Rx at UE with 
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spacing
X-polarized: 0/+90 degrees

	
	3D antenna pattern defined in TR36.873

	UE configurations

	Speed: 3km/h

	
	UE attachment: Based on RSRP from CRS port 0

	
	UE distribution: Follows 36.873 3D-UMi

	System Bandwidth
	10MHz (50RBs)

	PMI
	Extension of Rel-13 pmi-config3 codebook
Proposed codebook design

	Scheduler
	PF 

	traffic model
	FTP with package size 0.5MB

	Transmit Mode
	TM10 with a single CSI process

	
	Dynamic SU/MU: rank-adaption, Max paired UE number: 4

	Receiver
	Non-Ideal channel estimation

	
	Non-Ideal interference modeling

	
	MMSE-IRC receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUSCH 3-2 

	
	CQI and PMI reporting triggered per 5ms

	
	Feedback delay is 5 ms

	
	Codebook based feedback

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

	Handover margin
	3 dB
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