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1 Introduction
This WI aims to provide enhancements for non-precoded CSI-RS schemes. In TR36.897 [1], five possible precoder codebook alternatives have been listed as following:
Scheme 1, Kronecker Product (KP) type codebook: In this example, the precoding matrix W is extended from Rel.10/12 to support 2-D array where W1 can be described as follows: 
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Here ( denotes the Kronecker product and the two sub-matrices represent two polarization groups. The columns of 
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 are taken from a DFT matrix. A precoding codebook associated with W2 can follow one the following alternative designs:

-
The precoding matrix or vector W2 corresponds to a quantized co-phasing between two polarization groups in W1 and may also include column selection from W1. 

-
The precoding matrix or vector W2 performs linear transformation to W1 per polarization, which may include beam selection, weighted linear combination of beams. 

-
The precoding matrix or vector W2 performs distinct selection of beams per layer and/or per polarization, and quantized co-phasing between two polarization groups.

Scheme 2: This scheme follows scheme 1 yet with a further constraint of 
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 to W1. That is, the two sub-matrices of W1 are identical.
Scheme 3: The codebook associated with W1 contains only the identity matrix. In this case, the associated PMI(s) correspond to recommendation(s) of W2. In addition, RI, and CQI conditioned on precoding matrix hypothesis W are reported.

Scheme 4: The precoding matrix or vector W1 performs selection of antenna ports. 

Scheme 5: The precoding matrix or vector W1 has the structure of 
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, where 
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denotes a column selection operation which selects either all or a subset of the columns in 
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). The operator ( denotes the Kronecker product and the two sub-matrices represent two polarization groups. Each column of 
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 is taken from a DFT matrix. A precoding codebook associated with W2 can follow that in Scheme 1.

In this contribution, we focus on KP based codebook designs and present some performance comparisons between alternatives based on scheme 2 and scheme 5 listed above. The evaluation results in both 3D-UMa and 3D-UMi scenarios are provided.

2 Codebook Schemes
In order to capture the spatial characteristics of both horizontal and vertical dimensions of 2D antenna arrays, Kronecker Product (KP) has been proposed in some of the possible codebook alternatives in [1]. The objective of this contribution is to provide evaluation results for scheme 2 and scheme 5 in [1] for cases with 16 ports/TXRUs. In particular, we consider an 8H2V antenna port configuration shown in Figure 1. Note that one-to-one mapping between antenna ports and TXRUs is presumed for non-precoded CSI-RS.
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Figure 1: The considered 8H2V antenna port configuration
For this dual-stage precoding structure, the precoder is formed by the product:
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where
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is a
block diagonal precoder targeting long-term channel characteristics such as beam directions, while 
[image: image19.wmf]2

W

 follows short-term channel characteristics such as beam selection and co-phasing issues between two polarization groups. Here we elaborate the codebook designs based on scheme 2 and 5 structures that will be examined in this contribution.
2.1 A 16-Ports Codebook Design for 8H2V based on Scheme 2 in TR36.897
According to [1], Scheme 2 can be deemed as a special realization of Scheme 1, with the long-term precoding matrix
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written as:
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where the same pool of 2D beam directions are used for both polarizations. Note that 
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respectively represent the beam subsets for horizontal and vertical domains. Since the angular spread in vertical domain is in general much smaller, here we consider a simplified version where 
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is a fixed set of beams that covers all vertical direction. Hence, 
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is given as:
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To be specific, our evaluation assumes that
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is consisted of column vectors extracted from the DFT-4 matrix with an oversampling rate 8, while 
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 is simply a DFT-2 matrix with oversampling rate 2. Moreover, we follow codebook design principles in Rel-10/12 by setting the matrix
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( the k-th beam group for horizontal domain) as:
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where each DFT-based column vector is:
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Similarly, the fixed beam group for the vertical domain,
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, is:
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Consequently, we have a 2D grid-of-beam as shown in Figure 2 after operating KP between horizontal and vertical precoder. There are in total 16 possible realizations of 
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in this case.
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Figure 2:  Illustration of 2D grid-of-beam precoding matrix
As for short-term precoding matrix or vector
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 corresponds to a quantized co-phasing between two polarization groups in W1 and also includes column selection from W1, which can be shown as follows.

For rank 1,
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The total number of possible short-term precoding candidate selection is 64.

For rank 2,
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The total number of possible short-term precoding candidate selection is 272.
2.2 A 16-Ports Codebook Design for 8H2V based on Scheme 5 in TR36.897
In contrast to Scheme 2, the block diagonal elements of
[image: image40.wmf]1

W

in Scheme 5 are formed by selecting at least one column from the Kronecker Product of 
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where 
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denotes a column selection operation. Obviously, there are many ways of column selections, and how these columns are chosen can have significant impacts on the resultant performance. In order to carry out a more sensible comparison, it is decided to consider two different alternatives of Scheme 5 in this contribution. The details of Alternative 1 is given below, and we simply adopt the codebook design in [2] as the Alternative 2.
Alternative 1

Similar to Section 2.1, in this contribution we consider a simplified version of 
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, in which 
[image: image46.wmf]V

X

is a fixed set of beams. Moreover, for sake of simplicity, we assume that the same pool of 2D beam directions are used for both polarizations. So 
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becomes:
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The columns of 
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are chosen as
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wherein the entries of the selected columns are: 
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This is equivalent to down-sample the available horizontal beams described in Section 2.1 by a factor of 4, as illustrated in Figure 3:

[image: image52]
Figure 3:  Illustration of the considered 2D grid-of-beam precoding matrix for scheme 5
The short-term precoding matrix or vector
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 are constructed based on the same design principle as Scheme 2 for both rank-1 and rank-2 cases, which is elaborated in Section 2.1.
Alternative 2
As mentioned previously, we adopt the codebook proposal in [2] as the alternative 2 of Scheme 5 in this contribution. The details of this alternative can found in [2] and is omitted here. Note that the total number of possible candidates for long- and short-term precoder of this alternative for rank-1 and -2 are same as the existing codebooks in Rel-10/12. Therefore, this alternative is used as the baseline for comparison in the next section, since it has maintained the same codebook size as in Rel-10/12.
3 Performance evaluation 
The SU-MIMO performance evaluations and comparison among codebook Scheme 2 and the two alternatives of Scheme 5 are shown below. Table 1 and 2 provide the performance results for UMa with ISD=500m and UMi with ISD=200m, respectively. In addition, the codebook sizes of the schemes under comparison are listed in Table 3. The detailed simulation assumptions for the 2D codebook enhancement performance comparisons are given in the Appendix.
Table 1  SU-MIMO Performance evaluation (3D-UMa ISD 500m)
	λ
	Scheme
	RU (%)
	5% UPT
	50% UPT
	Mean UPT

	1.7
	Scheme 2
	20
	20.8 (116%)
	37.4 (108%)
	36.7 (106%)

	
	Scheme 5 Alt. 1
	20
	21.2 (118%)
	36.9 (107%)
	36.3 (105%)

	
	Scheme 5 Alt. 2
	22
	18.0 (100%)
	34.6 (100%)
	34.6 (100%)

	3.1
	Scheme 2
	46
	11.2 (138%)
	27.5 (121%)
	27.6 (112%)

	
	Scheme 5 Alt. 1
	46
	10.9 (135%)
	26.7 (117%)
	27.4 (111%)

	
	Scheme 5 Alt. 2
	52
	8.1 (100%)
	22.8 (100%)
	24.6 (100%)

	3.8
	Scheme 2
	61
	5.9 (131%)
	19.7 (113%)
	22.4 (110%)

	
	Scheme 5 Alt. 1
	64
	5.7 (127%)
	19.3 (110%)
	21.7 (107%)

	
	Scheme 5 Alt. 2
	72
	4.5 (100%)
	17.5 (100%)
	20.3 (100%)


Table 2 SU-MIMO Performance evaluation (3D-UMi ISD 200m)
	λ
	Scheme
	RU (%)
	5% UPT
	50% UPT
	Mean UPT

	1.8
	Scheme 2
	20
	21.0 (114%)
	39.8 (104%)
	38.1 (103%)

	
	Scheme 5 Alt. 1
	20
	20.8 (115%)
	39.2 (101%)
	38.0 (102%)

	
	Scheme 5 Alt. 2
	21
	18.5 (100%)
	38.4 (100%)
	37.1 (100%)

	3.5
	Scheme 2
	48
	10.6 (113%)
	29.0 (108%)
	29.3 (105%)

	
	Scheme 5 Alt. 1
	49
	10.1 (107%)
	28.7 (107%)
	29.2 (104%)

	
	Scheme 5 Alt. 2
	51
	9.4 (100%)
	26.8 (100%)
	28.0 (100%)

	4.4
	Scheme 2
	70
	6.3 (121%)
	23.2 (118%)
	25.0 (111%)

	
	Scheme 5 Alt. 1
	62
	6.3 (121%)
	23.0 (117%)
	24.6 (109%)

	
	Scheme 5 Alt. 2
	62
	5.2 (100%)
	19.7 (100%)
	22.5 (100%)


Table 3 Codebook Sizes of the considered codebook schemes
	
	Scheme 2
	Scheme 5 Alt. 1
	Scheme 5 Alt. 2

	Codebook Size 
(W1 , W2)
	Rank 1
	(16,64)
	(4,64)
	(16,16)

	
	Rank 2
	(16,272)
	(4,272)
	(16,16)


Based on the results in Table 1, Table 2, and Table 3, we have the following observations:
Observation 1: Although the resultant throughput of Scheme 2 in general outperforms Scheme 5 Alt.2, it requires tremendous feedback overhead due to large codebook size.
Observation 2: Performance of Scheme 5 Alt.1 can be quite competitive to Scheme 2, while the required overhead for PMI computation and feedback are much less due to its smaller codebook size.
Based on the above observation, we have the following proposals for codebook design for 16 ports:
Proposal 1: For 16 antenna ports, a new codebook based on Kronecker product can be introduced for transmission modes based on non-precoded CSI-RS. 
Proposal 2: According to simulation evaluations, Scheme 5 should have higher design priority than Scheme 2.
4 Conclusions

In this contribution, we have evaluated and compared the performance between codebook scheme 2 and 5 in TR 36.897.  According to the simulation results, we have the following observations and proposals.
Observation 1: Although the resultant throughput of Scheme 2 in general outperforms Scheme 5 Alt.2, it requires tremendous feedback overhead due to large codebook size.
Observation 2: Performance of Scheme 5 Alt.1 can be quite competitive to Scheme 2, while the required overhead for PMI computation and feedback are much less due to its smaller codebook size.
Proposal 1: For 16 ports, a new codebook based on Kronecker product can be introduced for the non-precoded CSI-RS-based antenna configurations. 
Proposal 2: According to simulation evaluations, Scheme 5 should have higher design priority than Scheme 2.
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Appendix 1: 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
	Antenna elements config (M, N, P): (8, 4, 2), 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 Subarray, (MTXRU, N, P): (2, 4, 2),  θetilt = 100 degrees

	PMI
	Kronecker product based 16Tx codebook

	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
High/Medium/Low load cases, i.e., RU≈20%/50%/70%

	Receiver
	MMSE-IRC with ideal channel estimation

	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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