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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Good progress on codebook design was made in ‎[1] where WF on codebook design ‎[2] was agreed containing multi panel support for the Type I feedback:
	Type I multi-panel (MP):
· Rank 1-4: Extension of Type I single-panel by adding inter-panel co-phasing, either wideband or subband



And some high level agreements were reached in the RAN1 #NR_AH2 on the physical channels of Type I and II feedback ‎[4]:
	Agreements:
· Type I CSI feedback is supported for P/SP/A-CSI and can be carried on either one of PUCCH and PUSCH
· Type I subband CSI can be carried on either one of PUSCH and long PUCCH
· Type II CSI is carried at least on PUSCH
· FFS CSI on PUCCH




The agreements cover the quantization and frequency domain aspects of feedback and high level mapping of feedback to physical channels. In this contribution, feedback rate of different codebook components is discussed considering multi panel feedback.

Multi panel feedback

Type I multi panel feedback for rank 1
The agreed single panel codebooks use dual stage codebook structure where  and . For example in rank 1 case for more than 2 antenna ports the  is the oversampled 2D DFT vector. The  and . The feedback of and  can be assumed to be wideband and the beam group selection is not used if L=1, which is assumed in the multi panel case. It can be assumed that the  is used to co-phase the polarizations. In other words, 
.

where equals the co-phasing coefficient for panel p, polarization r and layer l, respectively for the mode 1. For the mode 2:

.

Focusing to the mode 1, the  is common between panels and polarizations. It could be considered that the panel combining coefficient would change at similar rate as . But then on the other hand, it could be considered why there would always be a need to signal similar information such as phase change due to the element spacing in two matrices, i.e. in  and .
The panel combining coefficients at least depend on panel calibration errors and distance dependent scaling of co-phasing coefficients. In a reasonably well calibrated case, the feedback rate of the  can be reduced if one could assume that the coefficient consists of wideband slow varying phase term due to the TXRU and panel array geometry based co-phasing coefficient. 
The panel array geometry based co-phasing coefficient between the panels can be calculated from the  when the array geometry is known. As in Figure 1, if the intra and inter panel antenna element distances and are known, the inter panel co-phasing value

Where  is the intra panel phase difference from the DFT vector.
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[bookmark: _Ref484180718]Figure 1. Array geometry example.

Considering the above and taking into account the 2 dimensions of the 2D DFT vector, following equation for updating the  can be defined:

where

And
· The  equals the phase of the last element of the vertical DFT vector at time t.
· The  equals the phase of the last element of the horizontal DFT vector at time t.
· The  equals the phase difference between the elements of the vertical DFT vector at time t.
· The  equals the phase difference between the elements of the horizontal DFT vector at time t.
· The  equals the vertical index of the panel p. .
· The  equals the horizontal index of the panel p. . 
The  and  are required because in the oversampled DFT case, multiple concatenated DFT vectors do not produce same phase change between elements unless additional phase rotation is used. 

The above proposed update method could facilitate reduced feedback rate of the  at least for the mode 1 in certain conditions. The mode 2 feedback is more tightly coupled with the  and is also mitigating delay differences because of the subband feedback. Hence, the proposed scheme is more straightforwardly applicable to mode 1. Note that the target is to reduce the CSI feedback and the gNodeB can calculate the updated panel combining weights. In other words, some CSI reports would contain information on ,  and  while some CSI reports would contain information only on  and .

[bookmark: _Ref485205452]Proposal 1: Consider the proposed scheme to reduce multi panel combining weight signalling for the Type I mode 1.

Type I multi panel feedback for rank 2

The rank 2 mode 1 multi panel codebook is as follows:

.
It can be observed that the structure is similar as in the rank 1 case. Especially, since the orthogonal  is used, the same panel rotations apply for all the layers and the illustrated principle can be applied.

Type I multi panel feedback for rank 3 and 4

The rank 4 mode 1 multi panel codebook has been agreed for less than or equal to 16 antenna ports and is as follows:

.

The proposed panel rotation update can be applied also in this case because the selection of  and is limited to orthogonal set.

Type II multi panel case

The type II multi panel case does not exist at the moment. As the MU-MIMO could also be beneficial in the multi panel case it could be considered if the support is added in this or upcoming releases if sufficient accuracy can be achieved. On the other hand, it could be expected that more accurate feedback might be beneficial only if the antenna panel array is better calibrated than in the SU-MIMO case. The main differences between single panel type I and type II codebooks are the beam combining instead of beam selection (L > 1) and the use of more bits for quantization. The single panel rank 1 Type II


where  and equal the amplitude and co-phasing coefficients for panel p, polarization r, layer l and beam i, respectively. It seems that mode 1 extension is relatively straightforward


And the proposed scheme could also be applied for the Type II feedback because  is orthogonal matrix. Extension to rank 2 is also straightforward because only a second column is added to . On the other hand, if panel common  is used it probably itself causes some performance degradation compared to mode 2 like extension for panel specific coefficients. Compared to Type I the number of bits for the panel combining coefficients may also need to be higher.

[bookmark: _Ref485205434]Observation 1: MU-MIMO could be a use case for the multi panel array also but good panel calibration would be needed in order to benefit from the Type II feedback.

Simulations

Simulations on the proposed scheme were conducted in Urban Macro 30 GHz scenario according to the assumptions listed in the Appendix. Following three cases were compared:
· The CQI,  and  feedback interval is 20 subframes. The feedback rate of the panel combining  is the same. (label: “W3 rate 1”)
· The feedback rate of the panel combining  is 20 times slower than the rest of the feedback. The gNodeB uses the feedback without modifications. (label: “W3 rate 20”)
· The feedback rate of the panel combining  is 20 times slower than the rest of the feedback. The gNodeB updates the feedback as proposed. (label: “W3 rate 20, update”)

The agreed multi-panel codebook structure was used. The parameters assume Type I mode 1 structure where L=1 for the  matrix as also summarized in Table 1. In the mode 1 the panel combining weights are more clearly separated from the  co-phasing and it has been agreed to be more widely applicable to different panel configurations. Here, 3 bit quantization is used instead 2 two bits for the  and  which could be justified by the reduced feedback rates and further type II feedback anyway uses larger quantization sets. It can be observed that the proposed scheme is beneficial. The performance loss in terms of average SINR is reduced from 0.8 to 0.4 dB. If the 2 bit quantization is used on  it could be assumed that performance benefit is reduced.

In these simulations, only 2 panels were used. The proposed scheme can also be applied to any number of panels. The inter panel combining weights based on a DFT structure should be valid in a fairly correlated environments after taking into account the phase error compensation. 

[bookmark: _Ref485205437]Observation 2: The proposed scheme is beneficial in the simulated 2 panel case.

[bookmark: _Ref484689173][bookmark: _Ref484689093]Table 1. Digital codebook parameters.
	parameter
	value

	
	(2,2,1)

	
	(4,-)

	L
	1
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Figure 2. SINR CDF and average cell throughput. (Mg,Ng) = (1,2)


Conclusions

Following observations and proposals were made in this paper:
Observation 1: MU-MIMO could be a use case for the multi panel array also but good panel calibration would be needed in order to benefit from the Type II feedback.
Observation 2: The proposed scheme is beneficial in the simulated 2 panel case.
Proposal 1: Consider the proposed scheme to reduce multi panel combining weight signalling for the Type I mode 1.
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Appendix: Simulation Assumptions

[bookmark: _Ref465680349]Table 2. Simulation parameters.
	parameter
	value

	scenario
	Urban macro (TR38.900), inter site distance 150m

	carrier frequency
	30 GHz

	Simulated bandwidth
	40 MHz

	Transmission power
	Urban macro:43 dBm

	TRP antenna configuration, (M,N,P,Mg,Ng)
	(2,8,2,1,2)

	UE antenna configuration, (M,N,P,Mg,Ng)
	(2,4,2,1,2)

	Number of TXRUs
	TRP: 2 TXRU per panel per polarization
UE: 1 TXRU per panel per polarization

	Analog precoding
	Horizontal and vertical DFT precoding assuming oversampling factor of 2

	Digital precoding
	Multi panel codebook as in ‎[2]

	Subframe length
	0.25 ms

	CSI reporting interval
	20 subframes

	MIMO scheme
	SU-MIMO, 1-layer

	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
	10 km/h
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