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1 Introduction
The work item on enhancements on full-dimension (eFD) MIMO was approved in the 3GPP RAN#71 meeting [1]. It was agreed to extend specification support for CSI reporting in the following aspect:
· 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

For non-precoded (NP) CSI-RS-based schemes, large performance gain can be obtained from FD-MIMO if the number of antenna ports (or TXRUs) is increased. Nevertheless, CSI feedback complexity and overhead are still the major issue when the number of antenna ports (or TXRUs) extends up to 32. This contribution attempts to provide a few high-level design principles to flexibly support various FD-MIMO antenna configurations with large antenna ports targeting 2D antenna array operation.
2 Discussion
The well-known dual-stage precoder structure based on factorized designs can be as:
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 is a block diagonal DFT-based precoder targeting long-term channel characteristics such as beam directions, while 
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 follows short-term channel properties such as beam selection and co-phasing issues between two polarizations. This model is easy to stack number of antenna ports. Before Rel-12 codebook design, the number of antenna port is stacking up in a dimension, while it is increasing in two dimensions via introducing the Kronecker product (KP) operation to
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 since Rel-13. Furthermore, a few configurable antenna configurations in Rel-13 are revealed for 8, 12, and 16 port numbers respectively. It is believed that multivariate antenna configurations, including possible combinations of subset port layout, would be achieved in the future codebook design as antenna port increases. However inherent issues of CSI feedback complexity and overhead remain to be the most challenging. In the following aspects, some design principles are provided to against those subjects.
Limited codebook size
Configurable (or parameterized) codebook design approach aiming to provide flexibility and scalability is adopted in Rel-13. Following the configurable property which is decided by several parameters, it is believed increasing the CSI quantization accuracy bring in significant gain. On the other hand, when codebook size becomes too big, feedback overhead and UE search/calculation complexity would increase significantly. For example, the total possible PMI search space (or codewords) in the Rel-12 codebook with rank 1 or rank 2 are 256 whereas total search space would enlarge to 2048 at most for 16 antenna ports in the Rel-13 rank 1 or rank 2 codebook with a certain codebook configuration. In view of this, it had better control the codebook size within an acceptable region in accordance with reasonable UE implementation.
Proposal 1: Remain the codebook size configurable with different antenna configurations for different number of ports based on Rel-13 parameterized codebook design principle.
Improve codebook accuracy
In Rel-13 design, two parameters, antenna configuration and oversampling rate, determines the codebook size. The accuracy of a DTF-based codebook to reflect actual channel conditions lies not only in two-dimensional antenna configurations, but also in the relation between spatial oversampling factor and antenna space per dimension. For instance, as the antenna aperture increase due to larger number of antennas, the beam becomes narrower. For the proper antenna spacing value, the oversampling factor which decides beam resolution plays the key role.  However, higher oversampling factor results in larger codebook, thus solutions should be considered to reduce the UE complexity. Therefore antenna configuration and oversampling rate should be carefully studied as well for newly defined antenna ports especially under the consideration of UE complexity.
Proposal 2: To avoid unnecessary increase of the codebook size and the CSI calculation complexity, investigate antenna configuration and oversampling rate considering the trade-off between spatial resolution and UE complexity.
Here we do some system-level simulations with various combinations of antenna configuration and oversampling rate as in Rel-13, which could be as the reference design for up to 32 CSI-RS ports. From Table 1 to Table 4, it can be found that large oversampling rate can increase beam resolution and make high user packet throughput in most of cases under 3D-UMa ISD 500m and 3D-UMi ISD 200m scenarios. On the other hand, no matter oversampling factor is 4 or 8, throughput performance would increase obviously from 8 CSI-RS ports to 16 CSI-RS ports. It is because the beams get narrower as the number of antenna ports increases and then intra-beam interference is decreased meanwhile it still can cover channel angle of departure spread. The detailed simulation assumptions for the 2D codebook performance comparisons are given in Appendix.

Table 1  Performance evaluation with Codebook-Config = 2 (3D-UMi ISD 200m)
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2D Port

Layout

Configuration

(N1,N2,O1,O2)

RU (%)

5% UPT

[Mbps]

50% UPT

[Mbps]

Mean UPT

[Mbps]

(2,4,8,8)

(2,4,8,4) 31.99 9.59 31.19 32.78

(4,2,8,4) 37.62 7.84 25.80 29.65

(4,2,4,4) 39.35 7.63 25.80 29.14

(2,3,8,8)

(2,3,8,4) 33.36 9.13 29.06 31.89

(3,2,8,4) 40.65 7.26 22.73 27.99

(3,2,4,4) 37.02 7.18 25.12 28.97

(2,2,8,8) 48.60 4.69 18.32 23.00

(2,2,4,4) 51.71 4.97 17.19 22.89



2.1


Table 2 Performance evaluation with Codebook-Config = 2 (3D-UMa ISD 500m)
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RU (%)
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50% UPT

[Mbps]

Mean UPT

[Mbps]

(2,4,8,8)

(2,4,8,4) 34.42 9.45 25.42 28.73

(4,2,8,4)

(4,2,4,4) 40.68 8.19 21.43 24.81

(2,3,8,8)

(2,3,8,4) 41.76 6.49 19.64 23.64

(3,2,8,4) 41.62 7.01 20.46 23.59

(3,2,4,4) 44.03 6.45 19.32 23.12

(2,2,8,8) 48.93 5.37 15.65 19.28

(2,2,4,4) 50.67 4.24 14.51 18.30
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Table 3 Performance evaluation with Codebook-Config = 3 (3D-UMi ISD 200m)
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(2,4,8,8) 35.07 7.36 26.88 30.87

(2,4,8,4) 35.51 8.11 28.81 31.67

(4,2,8,4) 35.73 7.44 25.98 30.40

(4,2,4,4) 36.67 7.40 26.19 29.98

(2,3,8,8) 37.76 7.38 26.55 29.40

(2,3,8,4) 43.42 6.85 22.67 26.11

(3,2,8,4) 39.99 6.54 23.62 28.15

(3,2,4,4) 41.35 6.67 22.72 27.62

(2,2,8,8) 50.31 5.10 17.05 22.92

(2,2,4,4) 50.00 4.36 18.33 23.33
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Table 4 Performance evaluation with Codebook-Config = 3 (3D-UMa ISD 500m)
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(2,4,8,8)

(2,4,8,4) 35.50 9.50 24.75 28.31

(4,2,8,4) 35.34 8.95 23.87 27.38

(4,2,4,4) 39.59 8.42 21.93 25.93

(2,3,8,8)

(2,3,8,4) 38.31 8.19 21.58 25.30

(3,2,8,4) 38.88 7.80 21.52 24.90

(3,2,4,4) 38.67 7.56 21.15 24.87

(2,2,8,8) 50.76 5.01 14.76 18.52

(2,2,4,4) 50.41 5.02 14.37 18.17
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Observation 1: According to Rel-13 evaluation results, RAN1 should carefully study possible combinations between antenna configuration and oversampling factor for supporting up to 32 ports.

Observation 2: Large oversampling rate can make high user parket throughput.
Observation 3: Significant throughput performance can be obtained when CSI-RS ports increase in most of case.
Restrict codebook search space
From the above point of view, to avoid unnecessary increase of the codebook size and the CSI calculation complexity, eNodeB may trigger UEs to search in determined search patterns by codebook subset restriction (CSR). The way of the existing CSR is indicated by a bitmap with fixed length. However, as the codebook size grows with increased antennas numbers, heavy overhead of this approach may incur. Hence, a pre-defined restriction procedure may be required and this procedure needs to be known to eNodeB and UE in advance. From this perspective, it is suggested to investigate a novel restriction mechanism of some potential codewords, which may be appended optionally for newly defined number of ports.
Proposal 3: For non-precoded CSI-RS cases, to reduce UE complexity, evaluate possible new beam subset restriction or codebook subset restriction mechanism, which may be appended optionally into newly defined number of ports.
3 Conclusions

In this contribution, we give some design principles for eFD-MIMO codebook considering future extendibility with even more antenna port layouts. According to above discussions, we have the following observations and proposals which should be the designed concept.
Observation 1: According to Rel-13 evaluation results RAN1 should carefully study possible combinations between antenna configuration and oversampling factor for supporting up to 32 ports.

Observation 2: Large oversampling rate can make high user packet throughput.

Observation 3: Significant throughput performance can be obtained when CSI-RS ports increase in most of case.
Proposal 1: Remain the codebook size configurable with different antenna configurations for different number of ports based on Rel-13 parameterized codebook design principle. 
Proposal 2: To avoid unnecessary increase of the codebook size and the CSI calculation complexity, investigate the benefits of antenna configuration and oversampling rate considering UE complexity.
Proposal 3: For non-precoded CSI-RS cases, to reduce UE complexity, evaluate possible beam subset restriction or codebook subset restriction mechanism, which may be appended optionally into newly defined number of ports.
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Appendix: Simulation Assumptions

	Parameters
	Values

	Central Frequency
	2GHz

	Homogeneous scenarios
	3D-UMa with ISD 500m; 3D-UMi with ISD 200m

	Operating bandwidth (BW)
	10MHz

	Tx Power
	46dBm for 3D-UMa, 41dBm for 3D-Umi

	UE Speed
	3Km/h

	UE attachment
	Based on RSRP from CRS port 0

	UE distribution
	According to TR36.873

	BS antenna configuration
	X-pol (+/-45), 0.5λ and 0.8λ spacing separately for horizontal dimension and vertical dimension

	UE antenna configuration
	2 Rx cross-polarized antenna (0/+90)

	TXRU virtualization
	1D Sub-array partition model with K=4,  θetilt = 100 degrees
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	Refer to Table 7.2.4-9 of TS36.213

	Codebook-Config
	2 and 3

	Scheduler
	Subband PF

	Transmit Mode
	TM10 with a single CSI process; SU-MIMO with rank adaptation

	Maximum number of retransmissions
	4

	Network synchronization
	Synchronized

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Receiver
	Non-ideal MMSE-IRC

	Duplex Mode
	FDD 

	Feedback Assumption
	PUSCH 3-2 for non-reciprocity operation

	
	CQI and PMI reporting triggered per 5ms

	
	Feedback delay is 5 ms

	
	Codebook based feedback

	Wrapping method
	Geographical distance based

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

	Handover margin
	3 dB
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