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At 3GPP RAN1 90bis meeting, the following conclusion and observations were achieved [1], i.e.
Conclusion:
Accept codebook subset restriction for Advanced CSI and Hybrid CSI for both eMIMO types under TEI-15
· Further discussion offline on the corresponding details – to handle later this week

Observations: 
· Alt 1: Beam restriction, restricting both strong and weak beams together
· Alt 2: Joint beam/power restriction as in R1-1718918
· Different views on performance gain from including the per-beam power restriction
· Some companies have concerns on:
· complexity of joint beam/power search
· restriction of flexibility of beam restriction for a given signalling overhead
· Alt 3: Two beam restriction bit maps, independently restricting the strong and weak beams. 
· Concerns on the signalling overhead

At 3GPP RAN1 91 meeting, a joint WF was proposed [2] to conclude one effective scheme for CBSR. In this contribution, this CBSR scheme is discussed and evaluated.
Discussion
At last RAN1#91 meeting, a scheme was proposed in a joint WF [2], where the codebook subset restriction is conducted based on the following principle.
The precoder in advanced CSI were restricted via DFT beam and amplitude restriction. Once one beam bi and the corresponding amplitude p are restricted, any W1 containing pbi are precluded from W1 candidates. An example of this scheme is illustrated in Figure1
[image: ]
[image: ]
Figure1: Codebook Subset Restriction in the case of 2D antenna layout
In Figure1, white circles ([image: ]) denote the beams that can be freely chosen by UE. Red circles ([image: ] ) represent the restricted beams that the eNB doesn’t want to generate any energy on these beams associated directions. Grey circles ([image: ]) denote the restricted beams as well. But different from red circles[image: ], these beams are restricted because they generate more or less energy on directions of beams [image: ] due to spatially close to beams [image: ] . Hence, these grey circles are not necessary to be totally restricted. Only the strong amplitude on these beams are forbidden. For instance in Figure1, for grey beams, only some strong amplitudes, such as , are not allowed. With this enhancement, the beam direction can be restricted more precisely.





To demonstrate the advantage of our proposal, a system level simulation was conducted to illustrate the performance. In the simulation, beams of  are not allowed. Beams   can be used only when the amplitude is not larger than , and amplitude on beams  is not larger than . The traffic model of burst buffer is evaluated and the RU is around 70%. The detailed simulation conditions are shown in Appendix.
Table 1 shows performance gain of our proposal over the baseline, i.e., advanced CSI without CBSR. The simulation results show that our proposal has the gain of about 4% and 50% on cell average and cell edge UPT, respectively. 
Table 1 performance gain of proposed CBSR scheme
	
	Gain of average UPT
	Gain of 5% UPT

	Proposed CBSR 
	4.3%
	52%



From the simulation result we have the following observation
Observation: Advanced CSI codebook with proposed CBSR shows significant performance gain over that without CBSR, especially for cell edge UPT.

CSR for advanced CSI

The type II codebook in NR is similar to the advanced CSI codebook in LTE, which can be regarded as an enhanced advanced CSI codebook. In 3GPP RAN1 NR-AH#3 meeting, it has been agreed that Codebook Subset Restriction for NR type II codebook is achieved via indication of the usable wideband beam power of restricted beams. In NR, CSR for type II codebook is based on DFT beam groups. All DFT beams is partitioned into O1O2 beam groups and each group comprising N1N2 adjacent beams. CSR is implemented via two indicator B1 and B2. The first indicator B1 indicate which P beam groups is restricted. The second indicator B2 is composed of P bitmaps and each bitmap indicate the upper bound of usable wideband beam power of each beam in the corresponding restricted beam group. The available power of one beam is indicated via 2 bits. Therefore, the total overhead of CSR is . Considering the similarity between those two codebooks, we think the CSR scheme for NR type II codebook can be used in advanced CSI in LTE. 
Hence we propose
Proposal: Support DFT beam + power restriction based on DFT beam groups 
· 



Partition  DFT beams into  beam groups ,  each comprising  adjacent beams
· 
 is the bottom left DFT beam of the group, 


; 
· The group is defined as


· CBSR is configured via B1 and B2
· 

B1 is a length  indicator to select P beam groups  for further restriction, where P=4.
· 

· 


 is a length  bitmap and restricts DFT beams and associated maximum WB amplitude coefficients in  for the ith restricted (r1, r2) value in B1
· 
For each of the  beams, a 2-bit indicator is used for amplitude restriction
· 

For rank1~2, the associated WB amplitude coefficients for each layer and polarization of a beam shall be at most the indicated  value, where bit pair and  are shown as
[image: ]
· For rank 3~8, a beam is restricted when the associated value of bit pair is not equal to ’11’

Conclusions
This contribution discusses the utilization of Codebook Subset Restriction in advanced CSI. We have the following observations
Observation: Advanced CSI codebook with proposed CBSR shows significant performance gain over that without CBSR, especially for cell edge UPT.
Hence we propose
Proposal: Support DFT beam + power restriction based on DFT beam groups 
· 



Partition  DFT beams into  beam groups ,  each comprising  adjacent beams
· 
 is the bottom left DFT beam of the group, 


; 
· The group is defined as


· CBSR is configured via B1 and B2
· 

B1 is a length  indicator to select P beam groups  for further restriction, where P=4.
· 

· 


 is a length  bitmap and restricts DFT beams and associated maximum WB amplitude coefficients in  for the ith restricted (r1, r2) value in B1
· 
For each of the  beams, a 2-bit indicator is used for amplitude restriction
· 

For rank1~2, the associated WB amplitude coefficients for each layer and polarization of a beam shall be at most the indicated  value, where bit pair and  are shown as
[image: ]
· For rank 3~8, a beam is restricted when the associated value of bit pair is not equal to ’11’
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Appendix A

	Parameters
	Values

	Duplex mode 
	FDD

	Carrier frequency 
	2GHz

	Simulation bandwidth
	10MHz

	Channel model
	UMi

	BS Tx power 
	41dBm

	BS antenna configuration
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 1); (dH,dV) = (0.8, 0.5)λ

	BS TXRU mapping
	(MTXRU, NTXRU, P, Mg, Ng) = (2, 4, 2, 1, 1)

	UE antenna configurations 
	2Rx, Cross-polarized with 0, 90deg

	UE antenna height
	Follow TR36.873

	UE antenna gain
	Follow TR36.873

	UE receiver noise figure
	9 dB

	Traffic model
	Non-Full buffer, FTP model 1, 500KB packet size

	UE distribution
	80% Indoor
20% Outdoor

	Scheduler
	PF

	HARQ scheme
	CC with up to 3 retransmissions

	UE receiver type
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	MIMO mode
	MU-MIMO with rank adaptation
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