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1	Introduction
Per-panel UL beam indication for UL multi-panel UE is included in the eMIMO WID [1]. In this paper, we present initial simulation results to estimate the performance gain of UL multi-panel transmission.
[bookmark: _Ref178064866]2	Discussion
At mmW frequencies, it is likely that UEs will be equipped with multiple antenna panels pointing in different directions. Each such panel will have a significant amount of directivity.
It has been noted that this property is quite different compared to sub-6 operation, where the UE is most likely be equipped with omni-directional antennas. It was also noted that while multi-panel UE architecture is supported in Rel-15, the beam management functionality does not explicitly take this into account and any such architecture is transparent to the gNB. Therefore, the eMIMO WID [1] explicitly defines an objective to specify UL transmit beam selection for multi-panel operation.
To understand the potential of the multi-panel transmission, it is relevant to understand under what circumstances the functionality would be beneficial. Here the propagation conditions are key. Essentially, two options are possible:
1. The UE is forced to transmit to the same TRP using the different panels. This situation is depicted in Figure 1. 
2. The UE may transmit to different TRPs using the different panels. This situation is depicted in Figure 2.     
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[bookmark: _Ref525813676]Figure 1: The UE is forced to transmit to the same TRP using the different panels.
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[bookmark: _Ref525813763]Figure 2: The UE may transmit to different TRPs using the different panels.
To us, it is not clear if the multi-TRP case should be discussed in the context of multi-beam enhancements, or in the context of multi-TRP solutions. Clearly, there are aspects of the multi-TRP scenario in Figure 2 that are more related to multi-TRP than to multi-beam, e.g., how UL scheduling and power control is handled.  
[bookmark: _Toc526325315]It is not clear if multi-TRP aspects should be taken into account in the multi-beam specification work in Release-16.
2.1	Performance considerations
The underlying idea with simultaneous transmission over multiple panels is to excite more than one propagation path when reaching the network. For this to be beneficial, the paths originating from the different panels must have similar pathloss: if already the path corresponding to the second strongest panel is much weaker than the path corresponding to the strongest panel, then the performance benefit of the multi-panel transmission will be marginal.
[bookmark: _Toc526325316]The performance benefit of multi-panel transmission depends on the ratio between the pathloss of the strongest path, and the pathloss of paths corresponding to other panels.
Here it is also relevant to remember that the total UE transmit power is limited: if the UE chooses to transmit over more than one panel, the transmit power needs to be split:
[bookmark: _Ref525815556][bookmark: _Toc526325317]The maximum UE transmit power is constant, irrespective of the number of panels the UE uses for transmission.
2.3	Simulation results
To investigate the ratio of the pathloss to the different panels, system simulations have been performed. We have investigated a UMi scenario, where UEs with directional back-to-back panel antennas have been randomly dropped. The pathloss to the best panel is evaluated for the various beams, and the best beam is found. Then, the pathloss to the other panel is evaluated for all the beams. For the TRP selection of the other panel, the scenarios in Figure 1 and Figure 2 are both considered.
One example of such a beam sweep is depicted in Figure 3, where a antenna panel setup is used at the UE and 64 2D beams are created for each 4x4 dual-polarized antenna panel (i.e. 8 beams per dimension). The RSPP values (in dBm) for each beam index and antenna panel are presented.
 [image: C:\Users\eraclti\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.MSO\A3F8609E.tmp] 
[bookmark: _Ref525816257]Figure 3: Pathgains between the two antenna panels and one gNB.
In the example in Figure 3, it is clear that there is a clear difference between the paths: the best beam from the best panel is some 20dB better than the best beam from the worst panel. 
The next question to answer is how large the difference is across the NW. The pathgain CDF for the different panel-TRP combination is depicted in Figure 4, and the difference between the best panel and the second-best panel is depicted in Figure 5 for 2-panel UEs, and in Figure 6 and Figure 7 for 4-panel UEs.
From the results, it is clear that the second panel is clearly weaker than the best panel. If the panels communicate with the same TRP, the median difference is around 10dB, and if the panels are received in different TRPs, the median difference is around 6dB. If the difference is large, the potential gain is smaller, and it becomes increasingly difficult to harvest that small gain. For instance, as soon as the UE is power-limited, using multi-panel transmission from the UE will imply that the transmit power is reduced at the best panel to enable any transmission at all from the weaker panel. It seems evident that only under rare circumstances, the UL multi-panel transmission will provide any gain.
[bookmark: _Toc525894896][bookmark: _Toc526325318]Simultaneous UL multi-panel transmission may only provide gains under rare circumstances. 
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[bookmark: _Ref525821794]Figure 4: CDF of the pathgain from the different panels to the NW.  2-panel UE.
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[bookmark: _Ref525822025]Figure 5: CDF of the pathgain difference between the best and the second best panel.  2-panel UE.
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[bookmark: _Ref526325366]Figure 6: CDF of the pathgain from the different panels to the NW.  4-panel UE.
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[bookmark: _Ref526325368]Figure 7: CDF of the pathgain difference between the best and the second best panel.  4-panel UE.

Conclusion
In the previous sections we made the following observations: 
Observation 1	It is not clear if multi-TRP aspects should be taken into account in the multi-beam specification work in Release-16.
Observation 2	The performance benefit of multi-panel transmission depends on the ratio between the pathloss of the strongest path, and the pathloss of paths corresponding to other panels.
Observation 3	The maximum UE transmit power is constant, irrespective of the number of panels the UE uses for transmission.
Observation 4	Simultaneous UL multi-panel transmission may only provide gains under rare circumstances.
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Appendix: Simulation parameters
	Scenario
	3GPP UMi 200m ISD

	Number of sites
	7

	Number of sectors per site
	3

	Carrier frequency
	28 GHz

	BS antenna configuration
	(M, N, P, Mg, Ng) = (4,4,2,1,1), 
(0.8, 0.5)λ (V,H)-element spacing 

	UE antenna configuration
	(M, N, P, Mg, Ng) = (4,4,2,1,1), 
(0.5, 0.5)λ (V,H)-element

	UE antenna panels layout 
	2 panels orientation 0, 180 degrees
4 panels orientation 0, 90, 180, 270 degrees

	DFT Beam oversampling factors (H & V)
	2 & 2

	UE orientation 
	random
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