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1 Introduction

At the RAN1 #85 meeting, it achieves the following conclusions for non-precoded CSI-RS codebooks [1]
Conclusion:

· Class A codebook enhancement: 

· Starting from Rel-13 Class A codebook design structure by enabling different N1 and N2 combinations 

· Reduce the number of combinations of codebook parameters (N1, N2, O1, and/or O2) 

· To be concluded in RAN1#86

· Examples: 

· Down select from 19 (N1,N2) combinations; and/or

· Reduce the number of (O1,O2) combinations

· Other possibilities are not excluded 
In this contribution, we first discuss the possible port layouts to be specified in LTE Rel-14, and prioritize the combinations of codebook parameters. Then we propose our codebook design for up to 32 CSI-RS ports.
2 Antenna Port Layouts
There are total 19 combinations of (N1, N2) for up to 32 CSI-RS ports as shown in Table1as   

Table1: port layouts for {20, 24, 28, 32} CSI-RS ports
	Antenna ports
	Ports layout 
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	Number of ports layout

	20
	(10,1), (5,2), (1,10), (2,5)
	4

	24
	(12,1), (6,2), (4,3)

(1,12), (2,6), (3,4)
	6

	28
	(14,1), (7,2), (1,14), (2,7)
	4

	32
	(16,1), (8,2), (4,4),

(1,16), (2,8)
	5


One conclusion from last RAN1 meeting is to reduce the number of combinations. We need to first down select the possible port layouts that are more likely to be deployed in real scenarios. In practice, the antenna size is usually limited. The too long or tall antenna is difficult to be deployed in typical scenarios, such as antennas on a pole/tower. LTE Rel-13 had specified 1D antenna layout with 8 co-polar ports in one dimension. In our view, there is not necessary to further increase the port number in one dimension. Therefore, taking the port layouts of {20, 24, 28, 32} into consideration, we propose to preclude 1D antenna layout in codebook design.

Proposal1: 1D antenna layouts of {20, 24, 28, 32} ports are precluded for codebook specification. 
In addition, it is known that only 32 antenna ports was studied in FD-MIMO SI in Rel-13, other ports number are not discussed and evaluated in RAN1. Considering the specification quality, the study and evaluation should be done before the specification for antenna ports layout for {20, 24, 28}. However, no evaluation result is provided up to now except 32 antenna ports. Considering the heavy task to complete codebook specification in three remaining RAN1 meetings, we propose that 32 antenna ports with 2D layouts can be the first priority and the other port number can be lower priority.  
Proposal2: Consider the following possible layouts for Rel-14,
First priority:

· 32 CSI-RS ports: (8, 2), (4, 4), (2,8)
Second priority:

· 24 CSI-RS ports: (6, 2), (4, 3), (2,6), (3,4);

· 20 CSI-RS ports: (5, 2), (2, 5);   

· 28 CSI-RS ports: (7, 2), (2,7);
3 Codebook Design

In two-stage codebook design, the precoding matrix is the multiplication of 
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 is composed of several continuous beams, i.e. 4 beams in Rel-10 8Tx codebook, for the purpose of long term and wide band coverage. In codebook design for up to 32 ports, one concern raised from last RAN1 meeting is the insufficient coverage of W1 due to the sharper beam shaped by longer antenna ports. 
In Rel-13 codebook design, four codebook configurations are defined to fit various scenarios. It is known that Codebook-config3 is designed to cover channel environment with rich scatters. In this scenario, the major paths are probable out of the scope of space reduced W1. To cope with this issue with minimum specification effort, we propose to enhance the W1 structure of Codebook-config3 while reuse the beam pattern of Codebook-config1, 2, and 4.
Proposal 3: To cope with W1 coverage issue in rich scatters environment with minimum standardization effort, we propose to enhance W1 structure of Codebook-config3 while reuse the beam pattern of Codebook-config1, 2, and 4.
In last RAN1 meeting, some schemes are 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 of Codebook-config3 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: image6.emf]   for small angel spread
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Fig.2 eNB configured beam spacing for (N1,N2)= (8,2)
Through increasing beam spacing, the spatial coverage of W1 is enlarged. However in a real scenario with rich scatters, the channel path may come from any direction. In this case, 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. Then it will lead some performance loss.
Observations
·  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.
A more proper way to solve this issue is to design more beam patterns for codebook-config3, and each beam pattern corresponds 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 a time interval, the directions of major paths are changed, and beam pattern 3 can cover this channel case. Then UE should report beam pattern3.
In a summary, for codebook-config1, 2 and 4, legacy codebook pattern can be reused. For codebook-config3, three beam patterns for (N1, N2)=(8,4) and (4,4) are defined in Fig4.
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Fig4.  Beam pattern design for Codebook-config=3
With these beam patterns design, UE has more opportunity to select a set of optimal or suboptimal beams that matches the directions of instantaneous channel paths. The performance will 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 10 bits when O1=O2=8, which does not exceed the capacity of PUCCH. The number of PMI2 is same to legacy R13 codebook. 
Based on discussion above, we have the proposal

Proposal 4: Specify multiple beam patterns for codebook-config3 W1. Beam pattern reporting is wideband and long-term characteristic. 
4 Conclusions
This contribution first discusses port layouts that should be specified in Rel-14. We propose
Proposal1: 1D antenna layouts of {20, 24, 28, 32} ports are precluded for codebook specification.
Proposal2: Consider the following possible layouts for Rel-14,
First priority:

· 32 CSI-RS ports: (8, 2), (4, 4), (2,8)
Second priority:

· 24 CSI-RS ports: (6, 2), (4, 3), (2,6), (3,4);

· 20 CSI-RS ports: (5, 2), (2, 5);   

· 28 CSI-RS ports: (7, 2), (2,7);
For codebook design, we propose to enhance W1 structure for up to 32 ports codebook design.

Proposal 3: To cope with W1 coverage issue in rich scatters environment with minimum standardization effort, we propose to enhance W1 structure of Codebook-config3 while reuse the beam pattern of Codebook-config1, 2, and 4.
Proposal 4: Specify multiple beam patterns for codebook-config3 W1. Beam pattern reporting is wideband and long-term characteristic. 
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