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1	Introduction
During RAN1#89 meeting in May, codebook subset restriction (CSR) scheme design was proposed for type I and type II codebook, and it was agreed to further study whether a subset of codebook can be indicated to UE for CSI feedback considering adaptation to different CSI feedback payload sizes [1].
During RAN1 NR AH#2 meeting in June, some companies considered different CSR solutions, such as W1 beam restriction, W2 codeword restriction, or rank restriction for type I and type II codebook [2] [3] [4], and it was concluded that CSI overhead adaptation, CSR configuration details and UE behaviour, etc. still needed to be further studied in the next RAN1 meetings [5].
During previous RAN1#90 meeting in August, the following have been agreed with respect to CSR for Type II codebook [6] [7]:
Agreements:
· FFS CSR for Type II
· CSR supports DFT beam restriction and rank restriction and FFS power restriction
· FFS: Details
· FFS: Impact of CSR on CSI reporting payload size
In this contribution we discuss a kind of CSR design method based on wideband (WB) amplitude scaling for type II codebook, and provide the corresponding system performance comparison as well as CSI payload statistic.
2	WB amplitude-based CSR for type II codebook
NR type II CSI feedback requires a large reporting overhead to acquire enhanced spatial channel information. According to the agreed WF in [1], type II codebook, or linear combination (LC) codebook, is a dual-stage codebook structure up to rank 2, W = W1 x W2. The first stage W1 consists of a set of L orthogonal beams selected from the predefined oversampled 2D DFT beams for a single polarization, and beam selection is realized in wideband (WB). The second stage W2 consists of 2L-1 beam combining coefficients for L selected beams and 2 polarizations in each layer. Generally, beam combining coefficients can be divided into phase combining and amplitude scaling quantization separately. Phase combining is configured for subband (SB) reporting, and amplitude scaling is configured to report WB amplitude with or without SB amplitude.
Subband level amplitude and phase combining coefficients have the dominant payload in the total type II CSI reporting, and their payload size is variable depending on the number of non-zero WB amplitude scaling coefficients as well as RI. If the WB amplitude quantization set is restricted through codebook subset restriction (CSR) signaling, the payload size can be further controlled and reduced for the type II codebook. We call this kind of CSR the WB amplitude-based CSR method for the type II codebook, in which some weak power levels in the WB amplitude quantization set are suppressed, while other high-power levels are retained. CSR is configured through higher layer signaling to disable the feedback of some power levels in the quantization set. For example, a bitmap can be defined in CSR signaling for ON/OFF of some power levels, and its bit length equals to or even is less than the number of levels in WB amplitude quantization set. By indicating a subset of the full amplitude quantization set to the UE for CSI feedback, the average CSI feedback payload can be reduced.
For example, the WB amplitude quantization set has 3-bit quantization accuracy and the 8 power levels . If  is suppressed through CSR configuration with the bitmap [11111101], the effective quantization set is changed to  in which there are 7 allowed power levels and one is left reserved. 
Normally, WB amplitude scaling coefficient has the same feedback overhead when the CSR is configured, but the probability of quantizing a beam amplitude with zero beam power is increased for WB amplitude scaling. Therefore, the payload of subband amplitude and phase combining coefficients can be further reduced after configuring WB amplitude-based CSR, which will be verified in system level simulations in the next section.
3	Performance analysis
In this section, we compare the system performance and feedback payload size of the WB amplitude-based CSR scheme with no CSR configuration. The full buffer system level evaluations are carried out in the NR Indoor-Hotspot scenario, and dynamic switching between SU and MU-MIMO is considered in the user scheduling process. The results are provided for 16 antenna ports with (N1, N2) = (4, 2) in the horizontal and vertical dimensions, respectively. The relevant simulation parameters are listed in Table 2 in the Appendix. Original 3-bit WB amplitude w/o CSR configuration is used as a performance reference, and all the CSI schemes are configured as follows for the type II codebook.
· Beam selection: L=4 beams, 8-port DFT, oversampling (4, 4)
· Phase combining coefficients: SB (3 bits)
· Amplitude scaling coefficients: WB (3 or 2 bits) + SB differential (1 bit), CSR for 3-bit WB amplitude
· LC-3 with 3 bits: 
· CSR 1 with 3 bits: 
· CSR 2 with 3 bits: 
· LC-2 with 2 bits: 
How to evaluate and compare feedback payload reduction for type II CSI? Let’s define a metric of Payload Reduction Ratio (PRR), which is the reduction ratio in CSI payload size compared to the maximum possible payload (i.e., when all WB amplitude scaling coefficients are non-zero). PRR is a kind of average payload reduction statistic for type II CSI, and it has the following form:


where  is the number of nonzero power beams in layer r and feedback instance m for user k, and it is no more than 2 times the number of beams L, that is .  is the rank index in feedback instance m for user k, such as . K is the total number of UE, and M is the total number of feedback instance. Here the metric of PRR only takes into account the payload of SB amplitude and phase combining coefficients, which are the dominant parts in the total feedback payload of type II CSI.
System level simulation results and PMI feedback overhead statistics are shown in Table 1, Figure 1 and Figure 2. We can see that by increasing the number of restricted power levels in the WB amplitude quantization set through higher layer CSR signaling, such as from CSR 1 to CSR 2 scheme, system performance is gradually decreased compared with no CSR configuration, but WB amplitude-based CSR has significantly reduced average feedback payload for type II codebook.
Table 1: Simulation results and feedback payload statistics
	CSI feedback scheme
	Cell average loss
(%)
	5% cell edge loss
(%)
	Average PRR
(%)

	LC-3
	0
	0
	38

	CSR 1
	-2
	-5
	51

	CSR 2
	-4
	-6
	61

	LC-2
	-8
	-10
	73




Figure 1: System performance comparison for different CSI feedback schemes


Figure 2: Payload reduction statistics for different CSI feedback schemes
For example, when a low power level (e.g., ) is restricted in the quantization set for the CSR 1 scheme, the type II codebook has a trivial system performance loss of about 2~5% compared with no CSR configuration, but its payload size is further reduced to 51% of the maximum payload compared to 38% payload reduction for no CSR configuration. By further restricting the allowed power levels to 2-bit amplitude quantization, type II CSI exhibits a system performance loss of about 10% although with more payload reduction.
Therefore, the WB amplitude quantization restriction method can be considered as a kind of CSR method for type II codebook due to significant CSI payload reduction as well as marginal system performance loss compared with no CSR configuration.
Observation 1:  WB amplitude-based CSR can be used to further control the average CSI payload for the NR type II codebook by increasing the probability of zero amplitude beams, thereby reducing the SB amplitude and phase feedback payload.
Proposal 1: Include the restriction of WB amplitude quantization set as a type of codebook subset restriction (CSR) for the NR Type II codebooks (both Type II single-panel codebook and Type II codebook for beamformed CSI-RS).
· The length of the Bitmap equals to the number of levels in WB amplitude quantization set, and other lengths are FFS.
4	Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we have discussed WB amplitude based CSR design for type II codebook, and the corresponding proposals are summarized as follows:
Observation 1:  WB amplitude-based CSR can be used to further control the average CSI payload for the NR type II codebook by increasing the probability of zero amplitude beams, thereby reducing the SB amplitude and phase feedback payload.
Proposal 1: Include the restriction of WB amplitude quantization set as a type of codebook subset restriction (CSR) for the NR Type II codebooks (both Type II single-panel codebook and Type II codebook for beamformed CSI-RS).
· The length of the Bitmap equals to the number of levels in WB amplitude quantization set, and other lengths are FFS.
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Appendix
Table 2: Simulation assumptions for type II CSI evaluations
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Scenario
	NR Indoor-Hotspot

	Bandwidth
	40MHz, 50 PRBs, 10 subbands

	Subcarrier Spacing
	60kHz

	Channel Model
	Indoor in TR 38.900

	ISD
	20m

	BS Tx power
	23dBm

	BS Antenna Configuration
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), (dV, dH) = (0.5, 0.5)λ
Notes: Boresight direction is perpendicular to the ceiling. 

	BS Port Configuration
	(N1, N2, P, Mg, Ng) = (4, 2, 2, 1, 1)

	UE Antenna Configuration
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180;
Notes: the polarization angles are 0 and 90 and the panel with the best receive SNR is chosen for output metric.

	UE Port Configuration
	(N1, N2, P, Mg, Ng) = (1, 1, 2, 1, 1) , one TXRU per panel per polarization

	Scheduling algorithm
	Frequency selective PF scheduler, dynamic SU and MU-MIMO switching
Max 5 co-scheduled UEs, max 2 streams per UE

	Link adaptation
	Link adaptation with outer-loop control

	Channel estimation
	Practical CSI-RS and DM-RS estimation

	HARQ
	Max 3 retransmissions

	Receiver
	Generic MMSE

	UE distribution
	100% Indoor, 3km/h
10 users per BS

	System overhead
	30%
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