3GPP TSG RAN WG1 Meeting #90
R1-1714341
Prague, Czech Republic, 21-25 August 2017
Agenda Item:
6.1.2.2.3
Source:
Huawei, HiSilicon
Title:
Remaining issues for multiple-panel codebook
Document for:
Discussion and decision

1 Introduction

In RAN1 #89 meeting, the following agreements have been achieved [1]:
· Slides 4 to 24 in R1-1709232[2] are agreed

· For slide 20, FFS whether or not support frequency-dependent parameterization and if so, the details

· FFS whether or not to further enhance analog beamforming related operations especially for >1 layers
In RAN NR ad-hoc #2 meeting, the following agreements have been achieved [3]:
· Type I CSI feedback is supported for P/SP/A-CSI and can be carried on either one of PUCCH and PUSCH

· Type I subband CSI can be carried on either one of PUSCH and long PUCCH

· Type II CSI is carried at least on PUSCH

· FFS CSI on PUCCH
· Periodic CSI reporting is carried at least on 

· Short PUCCH 

· Long PUCCH

· FFS whether in single-slot only or in multiple slots
Multi-panel (MP) codebook design for rank 1-2 and rank 3-4 with port number <16 proposed in page 14-16 of [2] has been supported in NR. The main design principle is to construct MP codebook from single-panel (SP) codebook by adding inter-panel co-phasing to the SP precoder. Inter-panel co-phasing could be configured in wideband mode for 2/4 panels or subband mode for 2 panels. In subband mode, maximum 4bits PMI payload size is supported per subband.
In this contribution, we discuss the remaining issues and related PMI feedback scheme for Type I multi-panel codebook, including discussions on subband mode for 4panels, multi-panel codebook design for rank 3-4 >16ports and rank 5-8  and related CSI feedback. Evaluation results and overhead analysis are also provided.
2 Discussion on subband mode for 4 panels
Support both subband and wideband mode for multi-panel codebook would be benefit for different cases. For non-uniform calibrated panels, a wideband PMI may be enough to capture the inter-panel phase factor. However, if the calibration error exists, the inter-panel-phase factor may contain fast fading component, which needs to be feedback in a subband manner. Thus, it may not be a good candidate to include the inter-panel phase factor in either W1 or W2, since W1 usually contains wideband phase factors and W2 contains subband phase factors. In contrast, using W3 with independent PMI(s) to carry inter-panel co-phasing would be more suitable.
In RAN1 #89, it is agreed that both wideband and subband mode are supported for 2 panels. For 4 panels, wideband mode is supported and subband mode is FFS. Generally, we think it would be difficult to support the subband mode with maximum 4bits/subband for PMI feedback to acquire performance benefit. Assuming 
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as the precoder per polarization per panel which is taken from single panel codebook, several candidate of precoder design for the subband modes of 4 panels could be as follows:

1) Precoding matrix in the codebook could be 
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is subband inter-polarization co-phasing and 
[image: image4.wmf]0,1,0

{1,,1,}

cjj

Î--

, 
[image: image5.wmf]1,0,0

b

 is subband inter-panel co-phasing and 
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. Obviously, using the same inter-panel co-phasing may cause performance degradation even compared with wideband mode. Thus this scheme is not preferred. 
2) Precoding matrix in the codebook could also be
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where 
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 is subband inter-polarization co-phasing and 
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 is subband inter-panel co-phasing and 
[image: image11.wmf]1,0,0

{1,}

bj

Î

, p=1,2,3. In this scheme, the quantization bits for inter- polarization/inter-panel co-phasing is reduced to be 1 bit to keep the PMI overhead maximum 4 bits/subband.
3) Since 4 panels would be possibly placed in two dimensions(e.g., 2 panels in the horizontal dimension and 2 panels in the vertical dimension), horizontal  and vertical inter-panel co-phasing 
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 would be used to form the following precoder:
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 is subband inter-polarization co-phasing and 
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 is wideband inter-panel co-phasing and 
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，p=1,2, 
[image: image19.wmf],0,0

p

b

 is differential subband inter-panel co-phasing and 
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,  p=1,2.
Some evaluation results are given as follows to show the performance of the above candidates, where the simulation parameters are given in the appendix:
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Figure 1 Performance comparison for different subband mode with 4 bits/subband for 4 panels
From the figure, it could be observed that alternatives 1), 2) and 3) have the similar performance as the wideband mode for 4 panels if the payload size of subband PMI is limited to 4 bits. Considering the performance and overhead trade-off, we have the following proposal:

Proposal 1: Subband mode with maximum 4 bits/subband PMI payload size for 4 panels is not necessary.
If more subband bits could be supported, there would be considerable performance for the subband mode with 4 panels. Moreover, if amplitude factors are considered, the codebook could be used for power compensation and used in coherent JT, which could be FFS.
3 Multi-panel codebook design for higher rank
For rank 2 and rank 3-4 with port number <16, the form of inter-panel/inter-polarization co-phasing in the agreed multi-panel codebook satisfies the following rules [2]:
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 is co-phasing coefficient for the panels and polarizations, p = 0,1,…, Ng-1 (panel), r= 0,1 (polarization), l =0,1,...,R-1 (layer, where R denotes rank). From the above expression, it could be inferred that the inter-panel co-phasing factor is the same for different layers and the inter-polarization co-phasing factors of different layers are the same with single-panel codebook. In the following, we give some discussions on codebook design for rank 3-4 with port >=16 and rank 5-8.
3.1 Rank 3-4 codebook design for port >=16
For rank 3-4 single panel codebook, enhanced co-phasing across orthogonal beams proposed in [2] has been supported and the single-panel precoder is:
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 is an oversampled 2D DFT beam of length N1N2/2, 
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could be regarded as inter-panel co-phasing, this single-panel precoder could be used for multi-panel transmission only for the case of 2 panels. As for 4 panels and port number>16, we think the simplest way for designing the multi-panel precoder 
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 is: 
1) Construct a single-panel precoder similar with precoding matrix in rank 3-4 single-panel codebook with port number< 16.
 2) Reusing the single panel precoder for each panel and combining them with the same inter-panel co-phasing factors for different layers, shown in the following expression:
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are inter-panel co-phasing factors, 
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 are two orthogonal beams. To keep the structure of rank 3-4 multi-panel codebook as the same for all (Ng,N1,N2) combination, this structure could also be used for multi-panel precoder construction for 2 panels for >=16 ports. 
Proposal 2: Support the following multi-panel precoder for rank 3-4 and >=16 ports:

1) For the precoder of each panel, reuse precoder structure of rank 3-4 SP codebook for <16 ports;

2) Use same inter-panel co-phasing factors for different layers.
3.2 Rank 5-8 codebook design

For rank 5-8 multi-panel codebook design, one problem is that for (Ng, N1, N2) = (4, 2, 1) or (2, 2, 1), each panel could only form 4 orthogonal beams and different inter-panel co-phasing should be used for constructing multi-panel precoders. In the following, we give some examples for rank 8. For 2 panels wideband mode, the precoder structure would be 
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where
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 are two orthogonal beams, 
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is inter-polarization co-phasing and 
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is inter-panel co-phasing.

For 2 panels subband mode, the precoder structure would be 
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are inter-panel/inter-polarization co-phasing factors. 
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 could be written in differential mode as in subband mode for rank 1-2 multi-panel codebook.
For 4 panels wideband mode,
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 are two orthogonal beams, 
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are inter-panel co-phasing factors and 
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 is the inter-polarization co-phasing factors. For other antenna port layouts except with (Ng,N1,N2) = (4,2,1) or (2,2,1), precoder structure of rank 5-8 single panel codebook could be reused for each panel and the same inter-panel co-phasing factors could be used for different layers. 
It could be observed that the proposed precoder has nested property as the first X columns could be seen as the precoder for rank X multi-panel codebook, which simplifies the calculation complexity at UE side.
Proposal 3: Support the precoder structure proposed in section 3.2 for rank 5-8 multi-panel codebook.

4 Feedback design for multi-panel codebook
It is agreed that Type I CSI feedback is supported for P/SP/A-CSI and can be carried on either one of PUCCH and PUSCH. Besides, periodic CSI feedback on PUCCH which is contained in a single slot has been supported and FFS on PUCCH reporting which is contained in multiple slots. If the CSI payload size is limited in a single slot, PUCCH reporting which is contained in multiple slots might be considered for multi-panel codebook. Besides, subsampling for multi-panel codebook would also be considered to save the PMI overhead, even for CSI reporting contained in single slot.
For wideband mode, the wideband PMI could be denoted as (i1,1, i1,2, c1, c2,…) and the subband PMI denoted as i2, where (c1, c2,…) corresponds to the wideband inter-panel co-phasing. For subband mode, the wideband PMI could be denoted as (i1,1, i1,2, a1, a2)  and subband PMI denoted as (i2, b1, b2), where (a1, a2) corresponds to wideband inter-panel co-phasing and (b1,b2) corresponds to subband differential co-phasing factor.
A simple way for CSI reporting of multi-panel codebook contained in multiple slots is to put the wideband PMI (i1,1, i1,2, c) or  (i1,1, i1,2, a1, a2) in the same reporting instance and subband PMI i2 or (i2, b1, b2) in the same reporting instance, which is shown in mode 1:
1st instance： RI

2rd instance：(i1,1, i1,2, c1, c2,…)/(i1,1, i1,2, a1, a2)

3rd instance:   CQI+ i2 /(i2, b1, b2)
If the calibration error exists, the inter-panel-phase factor may contain fast fading component, which needs to be feedback in a shorter instance, which is shown in mode 2:
1st instance： RI

2rd instance：(i1,1, i1,2)
3rd instance:   CQI+ (i2, c1, c2,…)/ (i2, a1, a2, b1, b2)
A higher layer signaling could be used to configure mode 1 or mode 2 for multi-panel codebook. In the following table, we also give an analysis on the PMI overhead for the agreed multi-panel codebook:
Table 1. PMI overhead analysis for multi-panel codebook
	rank
	（Ng, N1,N2) 
	Mode 1 
	Mode 2 

	1
	(4,2,2)
	(i1,1, i1,2): 6 bit
(c1, c2,…):6 bit, i2 : 2bit
	- 

	1
	(4,4,1) 
	(i1,1, i1,2): 4 bit

(c1, c2,…):6 bit, i2 : 2bit
	- 

	1
	(2,4,2) 
	(i1,1, i1,2): 7 bit

(c1, c2,…):2 bit, i2 :2bit
	(i1,1, i1,2): 7 bit; (a1, a2): 4bit
i2 : 2bit ; (b1,b2): 2bit

	1
	(2,8,1) 
	(i1,1, i1,2): 5 bit

(c1, c2,…):2 bit, i2 :2bit
	(i1,1, i1,2): 7 bit; (a1, a2): 4bit

i2 : 2bit ; (b1,b2): 2bit

	2
	(4,2,2)
	(i1,1, i1,2): 8 bit

(c1, c2,…):6 bit, i2 :1bit
	- 

	2
	(2,4,2) 
	(i1,1, i1,2): 9 bit

(c1, c2,…):2 bit, i2 :1bit
	(i1,1, i1,2): 9 bit; (a1, a2): 4bit

i2 : 1bit ; (b1,b2): 2bit

	3-4, <16port
	(4,2,2)
	(i1,1, i1,2): 8 bit

(c1, c2,…):6 bit, i2 :1bit
	-

	3-4, <16 port
	(2,4,2) 
	(i1,1, i1,2): 9 bit

(c1, c2,…):2 bit, i2 :1bit
	(i1,1, i1,2): 9 bit; (a1, a2): 4bit

i2 : 1bit ; (b1,b2): 2bit


It would depend on the CSI payload size in single slot to determine whether to have codebook subsampling or joint encoding for multi-panel codebook.
5 Conclusions

In this contribution, we discuss the codebook-based PMI feedback design for Type I feedback for multi-panel cases. The proposals are summarized as follows:
Proposal 1: Subband mode with maximum 4 bits/subband PMI payload size for 4 panels is not necessary.

Proposal 2: Support the following multi-panel precoder for rank 3-4 and >=16 ports:

· For the precoder of each panel, reuse precoder structure of rank 3-4 SP codebook for <16 ports;

· Use same inter-panel co-phasing factors for different layers.
Proposal 3: Support the precoder structure proposed in section 3.2 for rank 5-8 multi-panel codebook.
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Appendix A
Table I Simulation parameters
	Parameters 
	Values 

	Simulation Type 
	full-buffer 

	Cell radius 
	200 m 

	Layout 
	Single layer: Macro layer, Hex. Grid 

	Channel model 
	UMa-30GHz （38.900 Chapter 7.5） 

	Antenna configuration 
	(M, N, P, Mg, Ng) =(4,8,2,2,2), x-polarized, sub-array partition，
Even: (dg,V,dg,H) = ([2.0], [4.0])λ)，Sparse: (dg,V,dg,H) = ([4.0], [8.0])λ 

	Codebook configuration 
	16 ports: (N1,N2, P) =(4,2,2)(8H2V), (O1,O2)= (8,8) 

Rel. 13 Class A Codebook-Config = 1 

	BS  antenna spacing 
	(H,V)  = (0.5, 0.5) λ 

	Number of  UE antennas 
	Antenna element: 

Config 1: (Mg, Ng) = (1, 2) – 2 panel, (M, N, P) = (2, 4, 2) 

TXRU: 

One TXRU maps to one panel one polarization. 4 TXRUs. 

	Scheduling 
	Proportional fair , MU-MIMO with rank = 1 

	Simulation bandwidth 
	10MHz 

	Channel estimation 
	Ideal 

	Receiver 
	MMSE-IRC 

	CSI feedback 
	PUSCH 3-2 


_1558787705.unknown

_1558792141.unknown

_1558794108.unknown

_1559199370.unknown

_1558796881.unknown

_1558797041.unknown

_1558795263.unknown

_1558796837.unknown

_1558796875.unknown

_1558796811.unknown

_1558795228.unknown

_1558794152.unknown

_1558794192.unknown

_1558794121.unknown

_1558793843.unknown

_1558793858.unknown

_1558793526.unknown

_1558791703.unknown

_1558791721.unknown

_1558791737.unknown

_1558791714.unknown

_1558791095.unknown

_1558791367.unknown

_1558787890.unknown

_1558782411.unknown

_1558783112.unknown

_1558785919.unknown

_1558785933.unknown

_1558785712.unknown

_1558783727.unknown

_1558782895.unknown

_1558783035.unknown

_1558782622.unknown

_1558774303.unknown

_1558774399.unknown

_1558782404.unknown

_1558774331.unknown

_1558770705.unknown

_1558773608.unknown

_1558769603.unknown

_1558770364.unknown

_1558371453.unknown

