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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Following agreement was made in [1]:
	Agreement:
· For Type I SP, rank 3-4 codebooks for 16, 24, and 32 ports
· Use single bitfield to determine restricted  depending on restricted 
·  is restricted if at least one of  is restricted
· FFS: Introduction of inter-group co-phasing restriction



And also:
	Agreement:
For NR CSI reporting on PUSCH, Part 2 information bits of partial subbands can be omitted.  
· Support the following priority rule to omit partial Part 2, where the priority level goes from high to low from Box #0 to Box #2N, and the omission granularity is one box in the following picture
· N is the number of CSI reports in one slot
· The CSI report numbers correspond to the order in the CSI report configuration
[image: ]
· Down-select one of the following Alts for CQI calculation in RAN1#91
· Alt 1: Subband CQI for each omitted subband is calculated assuming PMI in the nearest subband(s) with Part 2 reporting
· Alt 2: Subband CQI for each omitted subband is calculated assuming PMI in this subband




In this contribution, remaining aspects on the codebook subset restriction and CQI calculation methods are being discussed.

Discussion
Codebook subset restriction for rank 3-4 SP codebooks in case of 16, 24 and 32 ports

In order to study the effectiveness of the codebook subset restriction, the 3 dB beamwidth of a reference beam is used as the restricted angular range to investigate how much power leaks to the restricted angular range from the unrestricted beams both assuming  and .
Example reference  and candidate  beams are drawn in Figure 1 assuming O1=4 and N1=8. In the figure, the blue beams are the reference beams  and the red and magenta beams are the unrestricted  beams for the first and second layer, respectively. These beams also include all versions using different inter-group co-phasing coefficient . In the figure, the 3 dB beamwidth of the middle reference beam  is highlighted by black color and this is assumed to equal the studied restricted angular range. 
Due to the inter-group co-phasing instead of DFT structure, high sidelobes exist. Further, additional beam directions are created by the second or fourth layer. Note that even the reference beams  are very closely spaced due to the oversampling factor. Hence, even if one beam direction is restricted, the neighboring beams will heavily occupy the restricted direction and likely restriction over several adjacent beams is required.
The agreed mapping from  to  is shown in Table 1 assuming O1=4 and N1=8. In other words,  is restricted if at least one of  is restricted. Note that due to the mapping, for example restriction of  leads to restriction of 1  beam and restriction of  leads to restriction of 2  beams. The index 31 is transformed to indices 0 and 15, which could be taken into account in the mapping.
[bookmark: _Ref497917191]Table 1. Mapping of restricted indices.
	 of 
	Set of of 

	0
	{31,0,1}

	1
	{1,2,3}

	2
	{3,4,5}

	⁞
	⁞

	15
	{29,30,31}



The performance results in Table 2 are obtained by integrating the beamformed power of unrestricted precoder over the restricted angular range and averaging over all unrestricted precoders is performed. The average power assuming equally probable beam selection has been normalized to 1.0. It can be observed that similar or lower power is observed to be transmitted over the restricted angle by the  compared to the reference beam. The beam indices  achieving lower power benefit from restricting two  beams but the drawback is the wider uncovered angle. This can also be observed by comparing figures 1 a) and 1 c). 
One possible improvement to shape the unrestricted area in some cases is shown in the last column of Table 2 and figure 1 b). In this case, additional beam is allowed for the cases where 2 beams are restricted (e.g. ). In the example, one beam having inter-group co-phasing  is added to the left side of the restricted range and one beam having inter-group co-phasing  is added to the right side. It can be observed that the power in the restricted area is closer to the reference but the improvement is questionable due to the large overlap already in the reference case. Further, additional restriction to the inter-group co-phasing in order to reduce the sidelobes inside the restricted are could be one improvement but considering that the sidelobes span wide angle this improvement may be hard to achieve. In addition, the unrestricted beams have always lower power than the unrestricted reference beams. Hence, it can be concluded that no additional inter-group co-phasing restriction is needed.
Proposal 1: Additional inter-group co-phasing restriction is not needed for the rank 3-4 SP codebooks in case of 16, 24 and 32 ports.


[bookmark: _Ref497402240]Table 2. Example power on restricted angle.
	
	Power using 
	Power using 
	Power using  and , 

	0
	0.09
	0.08
	-

	1
	0.08
	0.06
	0.07

	2
	0.09
	0.08
	-

	3
	0.08
	0.06
	0.07
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a) Restricted .

	[image: ]
b) Restricted  and additional ,  beams.
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c) Restricted .


[bookmark: _Ref497747877]Figure 1. Subset restriction examples (O1 = 4, N1 = 8).

CQI calculation when omitting part 2 information

Some of the part 2 information related to the down prioritized subbands may not be transmitted on PUSCH and following two CQI calculation alternatives were agreed in RAN1 #90bis:
· Alt 1: Subband CQI for each omitted subband is calculated assuming PMI in the nearest subband(s) with Part 2 reporting
· Alt 2: Subband CQI for each omitted subband is calculated assuming PMI in this subband
Table 3 contains system level simulation results comparing these alternatives to the case where full part 2 information is transmitted. The simulations assuming parameters as in the Appendix were conducted in the Urban Macro scenario at 3 and 30 GHz carrier frequencies. The UEs feedback subband CQI in part 1 and subband PMI assuming subband bandwidth of 5 PRBs. Every other part 2 subband was not transmitted in the alternatives 1 and 2. It can be observed that there is no significant difference between the alternatives in terms of throughput or SINR. The mean SINR in the table is rank 1 SINR when rank 1 transmission was scheduled which does occur rarely. 
As there is no practical performance difference, it would be better to select a method which is as simple as possible for the UE to calculate. Hence, alternative 1 of using PMI of the nearest subband might have a small benefit if no additional interpolation between subbands is required. On the other hand, selection method of the PMI is an UE implementation issue and should not be standardized.
Proposal 2: Selection method of the PMI is an UE implementation issue but alternative 1 of using PMI of the nearest subband in CQI calculation might have a slight preference if no additional interpolation between subbands is required.




[bookmark: _Ref497733223]Table 3. System throughput using different CQI calculation alternatives.
	
	3 GHz
	30 GHz

	
	Ref.
	Alt. 1
	Alt. 2
	Ref.
	Alt. 1
	Alt. 2

	mean user throughput [Mbps]
	3.16
	2.95
	2.98
	14.2
	13.9
	13.9

	10th percentile user throughput [Mbps]
	0.92
	0.84
	0.86
	2.3
	2.2
	2.2

	mean SINR [dB]
	15.38
	15.25
	15.35
	4.5
	4.5
	4.5




Conclusions

Following proposals were made in this paper:
Proposal 1: Additional inter-group co-phasing restriction is not needed for the rank 3-4 SP codebooks in case of 16, 24 and 32 ports.
Proposal 2: Selection method of the PMI is an UE implementation issue but alternative 1 of using PMI of the nearest subband in CQI calculation might have a slight preference if no additional interpolation between subbands is required.
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Appendix: Simulation Assumptions

[bookmark: _Ref465680349]Table 4. Simulation parameters.
	parameter
	value

	scenario
	Urban macro (TR38.901), inter site distance: 500/150 m

	carrier frequency
	3/30 GHz

	Simulated bandwidth
	10/40 MHz

	Transmission power
	49/43 dBm

	TRP antenna configuration
	3 GHz: 16 antennas, 16 antenna ports
30 GHz: 256 antennas, 8 antenna ports (single panel hybrid precoding)

	UE antenna configuration
	3 GHz: 4 antennas
30 GHz: 32 antennas (hybrid precoding, 2 panels)

	Analog precoding
	30 GHz: Horizontal and vertical DFT precoding 

	CSI reporting interval
	2 subframes

	MIMO scheme
	SU-MIMO, max 2-layers

	UE receiver
	MMSE-IRC

	scheduling
	Round robin, full band allocation

	Traffic model
	Full buffer

	Outdoor to indoor loss (Uma)
	High loss: 50 %
Low loss: 50 %

	UE distribution (Uma)
	Outdoor in cars: 20 %
Indoor: 80 %

	UE velocity
	3 km/h
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