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1 Introduction
Type II CSI codebook has been agreed [1][2] in the RAN#1 ad-hoc meeting. In this contribution, we further discuss the type II CSI codebook for NR advanced codebook design.
2 Simulation setup 
	Carrier frequency 
	2GHz 

	Antenna configuration
	16x2

	(N1, N2, P)
	(4, 2, 2)

	(O1, O2)
	(4, 4)

	MIMO correlation
	Low at UE and low at eNB

	Layer number for PDSCH
	1 and 2

	Data allocation
	Wideband (10MHz)

	Scheduling constraint
	Fixed coderate: No PDSCH transmitted at the subframe with CSI-RS

	Transmission scheme
	TM9 

	Link adaptation
	Fixed MCS at MCS= 5, 13 and 23

	HARQ
	disabled 

	Channel coding
	Turbo code

	CSI subband size
	6 PRBs

	CSI reporting periodicity
	5ms

	CSI-RS periodicity
	5ms

	Time/freq tracking 
	not applied

	Propagation channel
	EPA5


Table 1: common simulation parameters
   For linear combined codebook, considering phase quantization only, each layer needs 2(2L-1), 3(2L-1), 4(2L-1) bits for QPSK, 8-PSK and 16-PSK, respectively. For Ref. 1, it is the predefined codebook with predefine parameters, namely i11, i12, i2. Each subband needs { log2(N1O1/2), log2(N2O2/2), 4} bits for { i11, i12, i2} transmission. In the simulation setting, it in total costs 9 bits and it could be an appropriate reference for quantization design. 

   Regarding Ref. 2, it can be treated as the performance upper bound of linear combined based codebook.
	
	Note

	Reference 1: R13 Codebook
	Codebook configuration 2

Granularity of i11, i12, i2 in frequency domain: one subband

	Reference 2: Un-quantized explicit feedback
	Un-quantized best k-eigenvector(s) of subband channel covariance matrix are reported where k denotes PDSCH layer number

	Linear combined codebook
	Beam space formed by L beams: wideband. 
Beam number (L): 2/3/4/5/6/8

Common beam space, B, for both of xpol 0 and xpol 1

Beam amplitude scaling: un-quantized WB/un-quantized SB

Freely choose the pr,l,i with the constraint, 0 ≤ pr,l,i ≤1.
Phase quantization: QPSK/8-PSK/16-PSK

According to the agreed WF, R1-1701324 [1], the precoder can be expressed as 
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Table 2: Notes of references and linear combined codebook
3 Simulation results analysis and Type II CSI design analysis
   The required SNR values to achieve 90% maximum throughput of PDSCH at MCS5, MCS13 and MCS23 are shown in Fig. 1, Fig. 2 and Fig. 3, respectively. In Fig. 1-3, markers of square/diamond/circle denote QPSK/8-PSK/16-PSK phase quantization and markers colored blue/red represent wideband (WB)/subband (SB) amplitude scaling. Reference 1 and 2 are also provided and more detailed results are provided in Appendix.
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Fig. 1: The performance of PDSCH at MCS5
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Fig. 2: The performance of PDSCH at MCS13
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Fig. 3: The performance of PDSCH at MCS23

Based on the simulation results, the following observations and proposals are made:

Observation 1: Linear combined codebook with L= 2 is not sufficient and performance degradation is observed.

Proposal 1: NR shall support linear combination codebook with L > 2.

Observation 2: Compared to phase quantization of QPSK, phase quantization of 8-PSK can offer 0.3~1.2 dB gain. Compared to phase quantization of 8-PSK, phase quantization of 16-PSK only offers additional at most 0.2dB gain.
Considering CQI quantization, in most cases, 0.2dB gain is not large enough to advance one CQI level. 
Proposal 2: Focus on phase quantization of QPSK and 8-PSK.
Observation 3: Depending on the value of chosen L, subband based amplitude scaling can outperform 0.7dB~2.8dB over wideband one.
Proposal 3: NR should support subband based amplitude scaling.

   Compared to wideband based amplitude scaling, subband-based amplitude scaling means more bits reported via UL channel. In [1], ``common amplitude on layers’’ and ``common amplitude on polarization’’ can be used to compress the quantization bits of amplitude scaling matrices by adding more constraints on searching the optimal amplitude scaling matrices. In some cases, e.g. 2-layer CQI computation and cross polarization antenna deployment, these two have the identical compression ratio (50%) shown in Fig. 4. However, for ``common amplitude on polarization’’, there is no need to perform complicated cross layer optimization and it is more friendly for UE implementation. Furthermore, ``common amplitude on polarization’’ can be applied for 1-layer PDSCH case but ``common amplitude on layers’’ cannot. 
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Fig. 4: Example of ``common amplitude on layer’’ and ``common amplitude on polarization’’
Proposal 4: Focus on the option of ``common amplitude on polarization’’.
   Regarding that W1 consists of non-orthogonal DFT beams, the 2-norm of linear combined precoder is phase-dependent. For example, b0 and b1 are not orthogonal and the precoder is formed by these two beams, 
[image: image6.wmf]1

0

b

b

v

a

j

e

+

=

. The 2-norm of 
[image: image7.wmf]v

can be expressed 
[image: image8.wmf]}

Re{

2

1

0

2

2

1

2

2

0

2

b

b

b

b

v

H

j

e

a

+

+

=

so that the UE shall pay extra computing resources to deal this issue. Moreover, the there is no straight-forward solution to derive the projection matrix of non-orthogonal DFT beams. It means UE shall pay more computing resources to support linear combined codebook as well.  
Proposal 5: Focus on W1 consists of orthogonal DFT beams only.
4 Conclusion

Finally we have,
Proposal 1: NR shall support linear combination codebook with L > 2.

Proposal 2: Focus on phase quantization of QPSK and 8-PSK.

Proposal 3: NR should support subband based amplitude scaling.

Proposal 4: Focus on the option of ``common amplitude on polarization’’.
Proposal 5: Focus on W1 consists of orthogonal DFT beams only.

5 Reference
[1] R1-1701324, ``WF on Type II CSI Codebook’’, Ericsson, Samsung
[2] Chairman notes, 3GPP RAN1 ad-hoc meeting, Jan. 2017
6 Appendix
   In Table 3 and Table 4, the required SNRs to achieve 90% maximum throughput are collected. The value within parentheses denotes the SNR gap of its required SNR and the reference ``R13’’. The minus values colored red mean performance degradedness. In the Fig. 5–22, the detailed PDSCH performance curves are provided.
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  Table 3: Required SNR and performance gap in dB for 1-layer PDSCH
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               Table 4: Required SNR and performance gap in dB for 2-layer PDSCH
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Fig. 5: 2-Beam Linear combined code at MCS5
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Fig. 6: 3-Beam Linear combined code at MCS5
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Fig. 7: 4-Beam Linear combined code at MCS5
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Fig. 8: 5-Beam Linear combined code at MCS5
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Fig. 9: 6-Beam Linear combined code at MCS5
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Fig. 10: 8-Beam Linear combined code at MCS5
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Fig. 11: 2-Beam Linear combined code at MCS13
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Fig. 12: 3-Beam Linear combined code at MCS13
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Fig. 13: 4-Beam Linear combined code at MCS13
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Fig. 14: 5-Beam Linear combined code at MCS13
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Fig. 15: 6-Beam Linear combined code at MCS13
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Fig. 16: 8-Beam Linear combined code at MCS13
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Fig. 17: 2-Beam Linear combined code at MCS23
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Fig. 18: 3-Beam Linear combined code at MCS23
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Fig. 19: 4-Beam Linear combined code at MCS23
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Fig. 20: 5-Beam Linear combined code at MCS23
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Fig. 21: 6-Beam Linear combined code at MCS23
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Fig. 22: 8-Beam Linear combined code at MCS23
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