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1. Introduction
In Rel.14, advanced CSI has been introduced which can bring about 10% percent performance gain compared with single beam based codebook [1], while the CSI reporting overhead can still fit to PUCCH format 2 in LTE. For Type II CSI feedback in Rel.15 for NR, codebook enhancement can bring up to 40% performance gain compared with single beam based codebook, but the overhead can be up to 540 bits [2][3].
In this contribution, we discuss the potential Type II codebook enhancement for CSI reporting, and provide initial evaluation results for potential enhancement.
This is a resubmission contribution of R1-1800663.
2. Current Codebook for Type II CSI
Codebook design for Type II CSI is stable for Rel.15 after RAN1#89 [3], which supports following features:
· Support up to 4 orthogonal beams combination for each layer (free beam selection)
· [bookmark: _GoBack]Support up to Rank 2 codebook design
· Support both WB and SB beam amplitude and phase reporting
We perform system evaluations to observe the gap between present CSI feedback and ideal CSI feedback, the results of which are summarized in Figure 1. For the evaluation, full buffer traffic model is adopted; only rank 1 is evaluated; amplitude feedback for Rel.15 is WB, L=2, L=3, and L=4 (L is the beam number for combination) is evaluated. For ideal feedback, the first eigenvector for channel covariance matrix is feedback, without quantization, detailed evaluation assumption can be found in the appendix. According to the results, it can be observed that there is still a large system performance gap between ideal and current Type II CSI feedbacks.
 
Figure 1 Performance compare between Rel.13, Rel.15 CSI and ideal CSI feedback
From the evaluation results, we can see that compared with Rel.13 CSI feedback, Rel.15 feedback can bring up to 17% mean performance gain, while ideal CSI feedback can bring up to 55% performance gain.
Observation 1: There is still large performance gap between ideal and current Type II feedbacks.

3. Potential Type II codebook enhancement
Based on the evaluations and the state of the art, Type II CSI feedback can be further enhanced, from quantization resolution point of view, thus bring higher performance gain. Following aspects can be considered to enhance Type II codebook:
Increase combination beam number for codebook design
In Rel. 15, the linear combination of up to 4 beams is supported. When higher CSI feedback resolution is expected, more beams combination can be considered.
We evaluated the spectrum efficiency as a function of beam number. The result is summarized in Figure 2. For the evaluation, only rank 1 transmission is assumed.


Figure 2 Performance compare between Rel.13, CB with more beams combination and ideal CSI feedback
From the evaluation results, it can be observed that about 8% performance gain can be obtained comparing L=8 with L=4 case.
Observation 2: 8% performance gain can be obtained by increasing combination beam number from L=4 to L=8.
Support higher rank codebook design for Type II CSI
In Rel.15, Type II CSI codebook support up to 2 layers. However, NR supported up to 4 layers per UE during the MU-MIMO downlink transmissions. Considering that, Type II CSI codebook should be further enhanced to support higher layer MU transmissions.
Observation 3: Type II CSI codebook should be further enhanced to support higher layer transmission.
Overhead reduction for Type II CSI
Overhead reduction is another aspect should be considered during CSI enhancement. Based on present codebook quantization scheme, the overhead for up to 8 beams combination codebook design, which can support higher ranks, can be calculated and shown in Table I. In the overhead calculation for CSI feedback, both WB and SB amplitude feedback is considered, and unequal bits allocation is considered, both 6 strong beams are assumed for L=6 and L=8 case.
Table I: Overhead calculation for codebook enhancement (bits)
	Overhead
	Number of beams

	
	L=4
	L=6
	L=8

	Rank =1
	~270
	~370
	~460

	Rank =2
	~540
	~730
	~910

	Rank =4
	~1070
	~1440
	~1800



From the overhead calculation in Table I, it can be observed that, if up to 8 beams combination is to be supported, with higher rank, overhead reduction is expected.
Observation 4: Type II CSI codebook enhancement should consider overhead reduction schemes.
4. Summary
In this contribution, we discuss the potential enhancement aspects for Type II codebook design. Based on the discussion, we have the following observations.
Observation 1: There is still large performance gap between ideal and current Type II feedbacks.
Observation 2: 8% performance gain can be obtained by increasing combination beam number from L=4 to L=8.
Observation 3: Type II CSI codebook should be further enhanced to support higher layer transmission.
Observation 4: Type II CSI codebook enhancement should consider overhead reduction schemes.
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Appendix
[bookmark: _Ref394499956]Table A: Evaluation assumptions
	Parameter
	Values

	Scenarios
	NR Urban macro

	Traffic model
	Full buffer

	Carrier frequency
	4 GHz

	Bandwidth
	10 MHz (Downlink)

	BS Tx power
	49 dBm

	BS antenna configurations
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1),
(dH, dV) = (0.5, 0.8) 
(N1,N2)= (4,4)

	UE antenna configurations
	(M, N, P) = (1, 1, 2)

	UE number per TRP
	10 

	UE distribution 
	80% indoor, 20% outdoor

	UE attachment 
	Based on RSRP from CRS BS port 0 

	UE antenna pattern
	Omni-directional

	UE velocity
	20% Outdoor in cars: 3km/h,
80% Indoor in houses: 3km/h

	UE receiver
	MMSE-IRC

	Scheduler
	Multi-user PF scheduler

	MU dimension
	4

	Oversampling factor
	(N1, N2) = (4, 4), (O1, O2) = (4, 4)



Performance compare 

Type I	Type II (L=2)	Type II (L=3)	Type II (L=4)	Ideal	1	1.1158990556611983	1.1426821800367422	1.1654687852515551	1.5530022238695331	
performance gain



Performance compare

Type I	Type II (L=4)	Type II (L=6)	Type II (L=8)	Ideal	1	1.1654687852515551	1.2174235343410578	1.2451735585135526	1.5530022238695331	
performance gain
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