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1. INTRODUCTION
Per the agreed WID for Rel-17 eMIMO at the RANP #86 [1], four main objectives were identified to be studied by RAN1. This sub-agenda item is focused on parts of the second objective related to beam management enhancements for multi-TRP: 

	2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2: 
a. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception. 



In this contribution, we provide some system level evaluation results in NR MIMO deployments. Specifically, we study the potential gains achievable by using multi-panel UEs in a multi-TRP transmission scenario.

 
2. BACKGROUND 
The use cases of MIMO evolve as new scenarios emerge. For example, FD-MIMO was introduced in LTE by employing two-dimensional antenna arrays. By giving a TRP the ability to steer its beams, FD-MIMO provides a better spatial coverage of UEs located in a 3D space. The work in NR MIMO is built upon the significant progress achieved with FD-MIMO that is being extended to operate in the FR2 range. This means that new UE architectures with multi-panel capability should be further studied to better understand their potential use cases and benefits. In this contribution, we provide some system level simulation results in different NR MIMO FR2 deployments where UEs are equipped with multi-panels. We also study the impact of using multi-TRPs with different assumptions on UE panel usage. 


3. SIMULATION ASSUMPTIONS
We use the simulation assumptions from the NR MIMO Phase I system level calibration [2]. The deployments are evaluated at the carrier frequency of 30 GHz. The UEs are uniformly distributed within the deployment area. UEs are assumed to be equipped with two antenna panels that are placed on opposite sides of the device. In other words, each panel is oriented 180 degrees away from the other one such that their boresights face opposite directions. Employed antenna arrays are based on uniformly distributed structures.
Both UEs and TRPs are assumed to have analog beamforming capability covering multiple spatial directions. UE and TRP sweep through all possible TX/RX beam-pairs to find the one which yields the highest RSRP. We consider several cases for pairing a UE with a TRP:
Single TRP 
Case 1: 
· UE activates only one panel. The selection of the panel is random to simulate random holding/orientation by/of the user. 
· UE finds the TRP that results in the best beam-pair to the activated panel.
Case 2: 
· UE activates both panels. 
· UE finds the TRP that results in best beam-pairs per panel, but only selects the best of the two beam-pairs. 
Case 2a: 
· UE activates both panels.
· UE finds the TRP that results in best beam-pairs per panel, UE combines the signal received by the panels. 

Multiple TRP 
Case 3: 
· UE activates only one panel. The selection of the panel is random to simulate random holding/orientation by/of the user. 
· [bookmark: _Hlk46498416]UE finds the two TRPs that result in the best beam-pair for the activated panel. UE receives and processes the over-the-air combined signals.
Case 3a: 
· The UE activates both panels. 
· UE finds the two TRPs and the panel that results in the best beam-pair for the activated panel. UE receives and processes the over-the-air combined signals.
Case 4: 
· The UE activates both panels. 
· UE finds the two TRPs that results in best beam-pairs per panel, UE receives and processes the signal received by the panels. 
A detailed list of simulation assumptions is available in the Appendix. 

4. EVALUATION RESULTS
In Figure 1, we show the results for cases with a single TRP in an open office scenario, and compare the performance with different assumptions on activated panels and combining mechanism. We notice that case 2 provides a substantial 4-5 dB gain over case 1 because both panels are active and allow the UE to search for the best possible beam-pair. In an open office scenario, the TRPs are densely packed within a room which gives several potential candidate TRPs. Nevertheless, being able to find the best panel orientation towards a serving TRP makes a significant difference. In Case 2a, where both panels are activated and combining is used, a slight additional gain is obtained. Given the panel placement at the UE, it is always likely that one of the panels is facing more towards a serving TRP than the other one. The panel with less favorable orientation might be still helpful in reception, but obviously its benefit is limited due to its direction. Figure 3 shows the same cases as Figure 1assuming UMa scenario. We notice a similar 4-5 dB gain from using the best panel pair over using a random panel pair. 
Observation 1: Multiple activated panels yield significant gain when single TRP is used.
In Figure 2, we plot the cases with multi-TRP in an open office scenario. We notice that similar to the single TRP case, case 3a with best panel to different TRPs provides a significant gain of 2-4 dB compared to random panel activation. Given the density of cells, it is easy for a UE to find two TRPs with the best possible panel orientation and proper beam directions. Case 4 shows that using another panel may help in some cases to find a different TRP than the serving TRP for the other panel. However, in some cases, there are UEs for which both best beam-pairs are on the same panel. Comparing to Figure 1, we see that case 2a with single TRP and multi-panel yields almost the same performance as case 3a and 4. Substantial gains can be achieved when both panels are activated to search for best beam-pairs without needing a second TRP. A similar observation is made in the UMa scenario between Figures 3 and 4. 
Observation 2: Similar gains can be achieved with single TRP multi-panel compared to multiple TRPs. 
In Figure 4, we plot the same cases as Figure 2 but assuming the UMa scenario. The best panel activated yields ~0.7-1 dB gain over random activation. The TRPs are spaced wide apart, resulting a small number of TRPs compared to the open office. This results having few possible beam-pair combinations. Then, compared to the open office case, it is hard for a UE to find a second TRP that can significantly help the serving cell. Therefore, there may not be a beam-pair with a significantly better performance than the others. As shown in Figure 4, case 4 performs slightly better than case 3a, because of using the second active panel could provide some gain for most UEs. With a sparse TRP deployment and less beam options, it’s less likely to find two good beam-pairs from one panel other than the best one to the closest TRP. Then a second panel with a different orientation helps to find alternative TRPs that are in other directions. 
Observation 3: Multi-panel is beneficial for multi-TRP when TRPs are sparsely deployed.  
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[bookmark: _Ref46325758][bookmark: _Ref46325761]Figure 1																Figure 2
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[bookmark: _Ref46478901]Figure 3 																Figure 4

5. CONCLUSIONS
This contribution evaluated system level performance of NR MIMO in an FR2 deployment with multi-panel UEs and multi-TRP. Based on the presented discussion, we make the following observations:

Observation 1: Multiple activated panels yield significant gains when single TRP is used.
Observation 2: Similar gains can be achieved with single TRP multi-panel compared to multiple TRPs. 
Observation 3: Multi-panel is beneficial for multi-TRP when TRPs are sparsely deployed.  
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APPENDIX
Table 1 InH Open Office deployment
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	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 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]

	ISD
	20m

	BS Tx power
	23dBm

	Number of sites
	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 wall-mount in 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
	1.5 m

	UE antenna gain
	5dBi

	Noise figure for BS
	7dB

	UE receiver noise figure
	10dB

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

	Metric
	[bookmark: OLE_LINK25][bookmark: OLE_LINK26]CDF of SNR with beamforming




Table 2 UMa deployment
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Channel Model
	UMa 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 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 [-5*pi/16 -3*pi/16 -pi/16 pi/16 3*pi/16 5*pi/16] 
· Zenith angle  [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]


	ISD
	500m

	BS Tx power
	43dBm

	Number of sites
	19

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (4,8,2,2,2)
(dH,dV) = (0.5, 0.5)λ 
(dg,H,dg,V) = (4.0, 2.0)λ

	BS array orientation
	azimuth 0 degree; mechanic downtilt: 0 degree 

	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.2.1-6 in TR 38.802

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

	BS antenna height
	25m

	UE antenna height
	Same as 3D-UMa in TR36.873

	UE antenna gain
	5dBi

	Noise figure for BS
	7dB

	UE receiver noise figure
	10dB

	UE distribution
	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h
10 users per TRP 

	Metric
	CDF of SNR with beamforming
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Wide Band SNR - 5G-Indoor-openOffice

Case 1 - random active UE panel, single TRP

Case 2 - best active UE panel, single TRP

Case 2a - dual best active UE panel, single TRP
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Wide Band SNR - 5G-Indoor-openOffice

Case 3 - random active UE panel, multi-TRP (combining)

Case 3a - best active UE panel, multi-TRP (combining)

Case 4 - dual best active UE panels, multi-TRP (combining)
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Wide Band SNR - 5G-UMa

Case 1 - random active UE panel, single TRP

Case 2 - best active UE panel, single TRP

Case 2a - dual best active UE panel, single TRP
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Wide Band SNR - 5G-UMa

Case 3 - random active UE panel, multi-TRP (combining)

Case 3a - best active UE panel, multi-TRP (combining)

Case 4 - dual best active UE panels, multi-TRP (combining)


