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1 Introduction

In 3GPP RAN1 #90bis meeting, codebook subset restriction for advanced CSI codebook was discussed, and finally there alternatives were concluded, i.e.
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

In this contribution, three alternatives are discussed and evaluated. 
2 Discussion
In last RAN1#90bis meeting, three alternatives were proposed for CBSR for advanced CSI codebook.
In Alt 1, the precoders were restricted via DFT beams restriction, where once one beam vector bi is restricted, any W1 containing bi are precluded from W1 candidates. An example of this scheme is illustrated in Figure1
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Figure1: Beam restriction in the case of 2D antenna layout
In Figure1, white circles ([image: image3.emf]) denote the beams that can be freely chosen by UE. Red circles ([image: image4.emf] ) represent the restricted beams that eNB don’t want to generate any energy on these beams associated directions. While grey circles ([image: image5.emf]) denote the restricted beams as well. But different with red circles[image: image6.emf], these beams are restricted because they generate more or less energy on directions of beams [image: image7.emf] due to spatially close to beams [image: image8.emf] .
The drawback of above scheme is that too much beam vectors are restricted. For instance in Figure1, neither beams of [image: image9.emf] nor [image: image10.emf]  is included in orthogonal basis W1. It should be noted that the number of restricted beam vectors has more impact on advanced CSI codebook than legacy low resolution codebook. Once one beam is restricted, the orthogonal basis containing restricted beams are prohibited. Hence, actually lots of orthogonal basis or W1 are prohibited in the case of advanced CSI. The number of available orthogonal basis directly impacts the performance of advanced CSI codebook. This impact is even more severe for small number of antenna ports. For instance, for 4 ports CSI-RS with dual polarization, total 8 beams are generated in each polarization. When one beam is going to be restricted, i.e., b2, eNB has to restrict several adjacent beams to make W1 composed of only one beam. It is because otherwise any pair of orthogonal beams can probably generate strong power on beam direction b2. In other words, once codebook subset restriction is applied for 4 antennas, the advanced codebook will fall back to legacy single beam codebook. The performance will be severely degraded. 
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Figure2: beam restriction for 4 antenna layout
To address the issue mentioned above, Alt 2 and Alt 3 were proposed.

In Alt 2, instead of restricting entire beam, partial power of each beam can be optional restricted. For instance in Figure2, the using of b2 can be prohibited. While for b0, b1, and b3, only some strong amplitude is prohibited, e.g. amplitude 
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 is not allowed for b1, and b3. With this enhancement, the beam direction is restricted more precisely.

To demonstrate the advantage of our proposal, a simulation is conducted to compare the performance of beam restriction and the proposed beam + power restriction for antenna configuration (N1, N2) = (2, 4). For beam restriction, beams in the vertical angular interval around 
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 are removed. For instance [image: image18.wmf]{
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 are removed. While in beam +power restriction, beams of  are not allowed. Beams  
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 can be used only when the amplitude is not larger than 
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. The traffic model of burst buffer is evaluated and the RU is 70%. The detailed simulation conditions are shown in Appendix.
Table 1 shows performance gain of two restriction schemes. The baseline is performance of advanced CSI without CSR. The simulation results in table 1 show that both two schemes have the gain of about 4% on cell average UPT. However, for cell edge UPT, the proposed beam +power restriction has much higher gain than beam restriction. 

Table 1 performance gain of two restriction schemes
	
	Gain of average UPT
	Gain of 5% UPT

	Beam restriction
	3.8%
	11%

	Beam+power restriction
	4.3%
	52%


From the simulation result we can observe that the proposed beam +power restriction scheme has better performance than beam restriction scheme.

Observation1: Beam + power restriction shows performance gain over pure beam restriction, especially for cell edge UPT.
The principle of Alt 3 is quite similar with Alt2. In Alt 3, two beam restriction bit maps are used to restricting the strong and weak beams respectively. Once one beam is restricted in the first beam restriction bit map, it can’t be used as strong beam
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. And once one beam is restricted in the second beam restriction bit map, it can’t be used as weak beam
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. In fact, two bitmaps contain redundant information, because once one beam is restricted in the second bit map, it in principle should be restricted in the first bit map as well. Alt2 can also restricting the strong and weak beams independently but without redundant information. In Alt2, beams restricted with zero power can’t be used as strong beam 
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, which correspond to the second bitmap in Alt3, and beams restricted with other power can’t be used as strong beam 
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, which correspond to the first bitmap in Alt3. Hence Alt3 is actually a special case of Alt2. It means although Alt2 and Alt3 have the same signaling overhead, Alt2 is more flexible on power restriction than Alt3.
Observation2: Alt3 is a special case of Alt2. Alt2 and Alt3 can be implemented with similar signaling overhead, but Alt2 has more flexibility on the power restriction.
3 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 are partitioned into O1O2 beam groups and each group comprising N1N2 adjacent beams. CSR is implemented via two indicators B1 and B2. The first indicator B1 indicates which P beam groups are 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 
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. 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 
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· The group is defined as
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· CBSR is configured via B1 and B2
· B1 is a length 
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 for further restriction, where P=4.
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 bitmap and restricts DFT beams and associated maximum WB amplitude coefficients in 
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· For each of the 
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 beams, a 2-bit indicator is used for amplitude restriction

· The associated WB amplitude coefficients for each layer and polarization of a beam shall be at most the indicated 
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 value, where bit pair and  are shown as
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With our proposal, the signalling overhead would not be an issue. Taking 32 ports with (N1, N2) = (4, 4) as an example, our proposal requires 139 bits. However, Alt1 requires 256 bits. Hence our proposal has less signalling overhead than Alt1. As for the implementation complexity, we do believe there is no complexity issue for either alternative. It should be noted that advanced CSI codebook without restriction has the most codebook candidates, which leads to most complexity in codeword search. When UE is capable to derive CSI for advanced CSI codebook without CBSR, we fail to see that any additional complexity would be introduced by CBSR. 
4 Conclusions

This contribution discusses the utilization of Codebook Subset Restriction in advanced CSI. We have the following observations

Observation1: Beam + power restriction shows performance gain over pure beam restriction, especially for cell edge UPT.

Observation2: Alt3 is a special case of Alt2. Alt2 and Alt3 can be implemented with similar signaling overhead, but Alt2 has more flexibility on the power restriction.
Hence we propose
Proposal: Support DFT beam + power restriction based on DFT beam groups 
· Partition 
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· The group is defined as
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· CBSR is configured via B1 and B2
· B1 is a length 
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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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