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1 Introduction

In RAN plenary #71 meeting, the following agreements were achieved [1]
· Non-precoded CSI-RS, extending the existing numbers {1, 2, 4, 8, 12, 16} of CSI-RS antenna ports for support of {20, 24, 28, 32} CSI-RS ports with mechanism for reducing the overhead for CSI-RS transmission
· Codebook(s) associated with the newly supported number of non-precoded CSI-RS ports for a subset of possible port layouts, both 1D and 2D
This contribution first discusses the possible port layouts for a given number of antenna ports, and our preferences are provided. Then the codebook design to support up to 32 antenna ports is discussed. The evaluation results are provided by adopting the proposed codebook. 
2 Antenna Port Layouts
The possible port layouts for {20, 24, 28, 32} antenna ports expressed by 
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  are 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


According to Table1, there are total 19 possible layouts for these newly supported antenna ports. To save standardization effort, we need to down select the port layouts that are more likely to be deployed in practical scenarios. In the real product, the antenna size is limited, especially for the horizontal domain. Otherwise, the big size antenna will be difficult to be deployed in typical scenarios, such as antennas on a pole/tower, and it also will be impacted easily by the wind or other things. Thus, in our view, the number of co-polar antennas in horizontal domain is no more than 8 in case of 
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 antenna spacing for LTE frequency band.
In addition, it is known that only the case of 32 antenna ports was studied in FD-MIMO SI in Rel-13, other cases 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}. Thus, the antenna port layouts for 32 antenna ports can be the first priority and the other port number can be lower priority.  

Proposal 1: 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

3.1 Enhancement on configurable parameters
In LTE Rel-13, 2D codebook is generated based on the configured parameters, i.e. 
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 and Codebook-config. By this way, the amount of codebooks to be stored in the memory is decreased to a sufferable level. In Rel-14, up to 32 CSI-RS ports are going to be specified, where the amount of port layouts is larger than Rel-13 even we make some down-selection. The mechanism of configurable codebook can be reused in Rel-14 codebook design for the purpose of reducing storage size of codebooks and saving standardization effort.
Proposal2: The mechanism of codebook generation based on configurable parameters should be retained.

The parameter 
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 should be extended to support {20, 24, 28, 32} port layouts. For oversampling factor 
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, there seems no reason to change the existing values. Thus we have the proposal
Proposal3:  Enhance the existing parameters 
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 to support {20, 24, 28, 32} port layouts
· 
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Therefore, a set of value of 
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 are provided in table2 as
Table 2: Enhanced configurations 
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	Antenna ports
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	32
	(2,8)
	(8,4), (8,8)

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

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

	24
	(3,4)
	(8,4), (8,8)

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

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

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

	20
	(2,5)
	(8,4), (8,8)

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

	28
	(2,7)
	(8,4), (8,8)

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


3.2 Considerations on W1 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. With the increasing port number, the formed beam becomes sharper. It is natural to involve more beams in 
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to ensure the identical 
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 coverage, which is the way that Rel-13 
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 works, i.e. 8 beams by Kronecker Product of 4 and 2 DFT vectors in the first and second dimensions for up to 16 CSI-RS ports.
In Rel-14, the number of CSI-RS antenna ports will be extended up to 32. Two typical port layouts for 32 CSI-RS ports, i.e. 
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 = (4, 4), are illustrated in Figure1.
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                                               (N1, N2) = (8, 2)                                                               (N1, N2) = (4, 4) 

Figure1: 32 antenna port layout
There is high probability that legacy 
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 design for up to 16 CSI-RS ports cannot meet the requirement, such as accommodating the channel variety for a long term and wide band. To overcome the aforementioned issue, we propose two schemes on 
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 design.
Scheme 1: more beams in each 
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One of the methods is to include more beam vectors in 
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, i.e. continuous 16 beam vectors in 
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 for 32 CSI-RS ports, which is illustrated in Figure2. For antenna port layout of 
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 contains 16 beam vectors generated by Kronecker Product of 8 and 2 DFT vectors in horizontal and vertical domain.  For antenna configuration with 
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= (4, 4), Kronecker Product of 4 beams in horizontal and vertical domain constructs 
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Figure2: The new 
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 structure for 32 ports codebook 
However, more beam number in 
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 will increase the codeword candidates for 
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. To avoid introducing the large feedback overhead and processing complexity, the codeword subsets indicated via Codebook-config can be redesigned based on size extended 
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, and the number of codewords in each subset is restricted to 4 or 16 just as legacy size. eNB indicates one of the subsets via RRC signaling to UE according to its deployment scenario. By this way, additional overhead for 
[image: image45.wmf]2

W

 feedback is avoided.
Codeword subset design

Rel-13 defined 4 codeword subsets corresponding to Codebook-config=1/2/3/4, and each codeword subset selects 1 or 4 beams within
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. Following the same principle, the codebook subset design for Rel-14 can be exemplarily illustrated in Figure3 for Codebook-config=1/2/4 given antenna configuration 
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       Codebook-config=1                               Codebook-config=2                              Codebook-config=4
Figure3.  Beam pattern design for Codebook-config=1/2/4
Codebook subset for Codebook-config3 is designed to accommodate channel model with rich scatters. 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. For instance in Figure4, Codebook-config3 has 4 scattered beams in 
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. There are two clusters of paths falling within a 
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, where one of them is covered by predefined beams while the other one is not. The performance loss will be suffered in this case.
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Figure4.  One scatted beam pattern for Codebook-config3
A more proper way to solve this issue is to design more beam pattern for this codebook subset, and each beam pattern corresponds to one case of multi-path distribution, which is illustrated in Figure5. 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.
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                                      Beam pattern1                                           Beam pattern2                                          Beam pattern3
Figure5.  Beam pattern design for Codebook-config=3
With this beam pattern 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.
Scheme 2: Multiple W1 for a wide band
Another method is to keep the size design as legacy system, e.g., 4/8 beams in each 
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, and feedback multiple 
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s for the wideband, i.e., each 
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 for partial band.

One example is illustrated in Figure6, where the wide band is divided into two band parts and each band part with a 
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 feedback. Then, the 
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 feedback in the first bandwidth is dependent on 
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 (1), and the 
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 feedback in the second bandwidth part is based on 
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 (2). 
With the multiple 
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s feedback, the coverage of 
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s and the granularity of the beams can be enhanced. There is no additional overhead of 
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, which is short term and subband channel information.  The only increased overhead is additional 
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 feedback, however, it is a long term channel information, so the overhead increasing is marginal,
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Figure6. Multiple W1s feedback
From the discussion above, we have the following proposals
Proposal 4: For the antenna port layouts with more than 16 antennas, the following schemes can be considered to enhance the system performance.
·  Scheme1: More beams in 
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·  Scheme2: Multiple 
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s for a wide band
4 System level evaluation

To illustrate the performance of the proposed codebook design, the system level simulation is performed under 3D UMi channel model. In the simulation, the antenna is configured with 
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=(4, 4), and burst buffer service with round 50% RU are the evaluated use case. The simulation conditions are detailed in Appendix. The 16 ports codebook with Codebook-config3 defined in Rel-13 is as the baseline, where virtualization in the vertical domain is adopted to map 16 CSI-RS ports to 32 TXRUs.

In scheme1, the 
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 design for Codebook-config3 are used for evaluation, where DFT codebook with 8x oversampling is adopted.  

In scheme2: the 10MHz system bandwidth is segmented into 2 band parts, and each band part has individual legacy 16 ports 
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. 
The simulation results are provided in Figure7.
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Figure7. Performance comparison for 
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From the simulation results we can see, our proposed schemes has more than 30% cell edge gain and about 8% cell average gain over baseline. It proves the good performance of our proposals.
5 Conclusions
In this contribution, the principles of codebook design are discussed, and we have the following proposals

Proposal 1: 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);

Proposal2: The mechanism of codebook generation based on configurable parameters should be retained.
Proposal3: Enhance the existing parameters 
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Proposal 4: For the antenna port layouts with more than 16 antennas, the following schemes can be considered to enhance the system performance.
· Scheme1: More beams in 
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·  Scheme2: Multiple 
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s for a wide band
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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
	Rel-13 16 Tx codebook pmi-config3
Proposed codebook desgin

	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: 2

	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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