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Introduction
In RAN #86 meeting, a new WID [1] of ‘Further enhancements on MIMO for NR’ was approved. One objective related to the enhancement on the support for multi-TRP deployment among four main objectives to be studied by RAN1 includes the following details.
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2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework




In this contribution, we provide some system level evaluation results in multi-TRP transmission with multi-panel reception targeting FR2 and discuss the potential benefits and limitations of exploiting multi-panel reception of UEs in multi-TRP deployment scenarios.
Discussion
Multi-TRP transmission with multi-panel reception
According to the WID [1] and the discussions in the previous meeting [2], NR strives to support the simultaneous transmission from different TRPs with multi-panel reception at UEs. This means that the utilization of multi-panel capability in UE architecture for inter-cell multi-TRP operations should be further studied to better understand its benefits. Motivated by [3], we study the impact of multi-panel reception of UEs in the multi-TRP deployment. To validate system level performance, we consider two cases of MIMO transmission as follows.

Case 1: Multi-TRP transmission with multi-panel reception (Multi-Panel)
The UE activates both panels, and finds the two TRPs that result in best beam pair for each panel. UE receives and processes the signals received by both panels.

Case 2: Single-TRP transmission with single-panel reception (Single-Panel)
The UE activates both panels, and finds the TRPs that result in best beam pair for each panel. UE only select the better one of them and receives the signal from the corresponding panel.

Evaluation assumptions 
We use the evaluation assumptions based on the Phase 2 NR MIMO system level calibration [4]. The details are summarized in Table 1. Here, both TRPs and UEs sweep through all possible transmit/receive analog beams to find the best beam pair having the maximum RSRP. For inter-cell multi-TRP transmissions, two panels of UE can be scheduled at the same TTI.

[bookmark: _Ref54382819]Table 1 Simulation assumptions for indoor-hotpot system-level evaluation
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Mode
	DL only

	Bandwidth
	80 MHz

	Subcarrier Spacing
	60 kHz

	Channel Model
	Indoor in TR 38.901

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT, i.e., 2D sub-array partition model defined in TR36.897.

	Criteria for selection for serving TRP
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered.

	Criteria for beam selection for serving TRP
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming.

	Constraints for the range of selective beams per TRP sector
	With analog TX/RX beamforming, using a single digital TX/RX port. The first TXU/RXU in a single fixed panel is used with single-pol.
· Beam directions for TRP:
· Azimuth angle [pi/16 3*pi/16 5*pi/16 7*pi/16 9*pi/16 11*pi/16 13*pi/16 15*pi/16] 
· Zenith angle [pi/8 3*pi/8 5*pi/8 7*pi/8]
· Beam directions for UE:
· Azimuth angle [-3*pi/8 -pi/8 pi/8 3*pi/8]
· Zenith angle [pi/4 3*pi/4]

	Scheduling algorithm
	Proportional fairness

	Traffic Model
	Full buffer

	ISD
	20m

	BS Tx power
	23dBm

	Number of TRPs
	12

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

	UE 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;
The polarization angles are 0 and 90.

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 0 degree, ΩUT, = 0 degree

	BS antenna pattern
	See Table A.2.1-7 in TR 38.802

	UE antenna pattern
	See Table A.2.1-8 in TR 38.802

	BS antenna height
	3m

	UE antenna height
	1.5m

	UE antenna gain
	5dBi

	Noise figure for BS
	7dB

	UE receiver noise figure
	10dB

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

	Metric
	spectral efficiency



Evaluation results
In order to check the performance of inter-cell multi-TRP transmission, we first conduct a simulation assuming enough resources of TRPs for multi-panel reception of all UEs. Figure 1 shows the cumulative distribution function (CDF) of normalized user spectral efficiencies for Case 1 and 2.
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[bookmark: _Ref54359876]Figure 1. CDF of normalized user spectral efficiencies for Case 1 and 2 assuming enough resources

Here, the single-TRP transmission with multi-panel reception and the multi-TRP transmission with single-panel reception are not considered, because the purpose of evaluation is to identify the performance of multi-TRP transmission with multi-panel reception compared to the single-TRP transmission with single-panel reception. It can be seen from Figure 1 that the multi-TRP transmission with multi-panel reception provides better spectral efficiency performance than the single-TRP transmission with single-panel reception. Given enough resources of TRPs, it would be beneficial to activate and exploit both panels in the user spectral efficiency perspective.

Observation 1: Multi-panel reception in multi-TRP transmission provides better spectral efficiency performance than the single-panel reception in single-TRP transmission assuming enough resources of TRPs.

Observation 2: It would be beneficial to activate and exploit both panels compared to selecting one panel in the user spectral efficiency perspective.

Now, we have performed system level simulation with the aforementioned evaluation assumptions and show the CDF of normalized user spectral efficiencies for Case 1 and 2 in Figure 2.
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[bookmark: _Ref54367068]Figure 2. CDF of normalized user spectral efficiencies for Case 1 and 2 in given evaluation assumptions

[bookmark: _Hlk54378206]Contrary to the result shown in Figure 1, the spectral efficiency performance of the multi-TRP transmission with multi-panel reception is worse compared to that of the single-TRP transmission with single-panel reception. This is because, from a TRP perspective, serving the UE of its own cell would be more helpful in improving spectral efficiency than helping the UE of another cell with finite resources. Moreover, it is hard in many cases for UE to find a good TRP other than the serving TRP for multi-panel reception, and there is a limitation in the beam management procedure which just finds the best beam without considering the interference. For these reasons, the multi-TRP transmission with multi-panel reception needs enhancements on beam management to get potential benefits and improve the performance.

Observation 3: Spectral efficiency performance of the multi-TRP transmission with multi-panel reception is worse compared to that of the single-TRP transmission with single-panel reception in given assumptions.

Observation 4: Multi-TRP transmission with multi-panel reception needs enhancements on beam management to get potential benefits and improve the performance.
Conclusion
In this contribution, we evaluate the system level performance of multi-TRP transmission with multi-panel reception targeting FR2. Our observations from the evaluation results are summarized as follows:

Observation 1: Multi-panel reception in multi-TRP transmission provides better spectral efficiency performance than the single-panel reception in single-TRP transmission assuming enough resources of TRPs.

Observation 2: It would be beneficial to activate and exploit both panels compared to selecting one panel in the user spectral efficiency perspective.

Observation 3: Spectral efficiency performance of the multi-TRP transmission with multi-panel reception is worse compared to that of the single-TRP transmission with single-panel reception in given assumptions.

Observation 4: Multi-TRP transmission with multi-panel reception needs enhancements on beam management to get potential benefits and improve the performance.
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