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1	Introduction
Per-panel UL beam indication for UL multi-panel UE is included in the eMIMO WID [1]. In [2], we presented the first simulation results where it was demonstrated that the difference between the pathgains of the two panels is rather large. It seems natural that transmitting from an antenna panel with significantly worse pathgain would not lead to any significant performance improvement.
In this contribution, we provide additional results that illustrate that the simultaneous UL multi-panel transmission in many cases even lead to a degradation in performance. This is a revision of R1-1902960.
[bookmark: _Ref178064866]2	Discussion
In FR2, 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 FR1 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.
In addition, there has been some discussion in RAN1 if simultaneous transmission over multiple UE antenna panels should be supported. Initial pathloss considerations [2] indicated that the potential for performance gains is small: the pathgain to second panel is so much worse than the pathgain to the best panel that it becomes questionable if there is any performance gain at all.
In [3] , system simulations including multi-TRP connectivity were performed. It was demonstrated that there was no gain with simultaneous transmission over multiple panels in this case either: the gains that could be achieved in coverage was lost since the UE would consume resources in multiple TRPs in that case.
In this contribution, we therefore simulate also the case where the UE connects to the same TRP with several panels. We simulate five cases:
1. Single-panel UE: the UE is equipped with one panel only.
2. Dual-panel UE, best panel transmission: the UE is equipped with two antenna panels, mounted back-to-back. Transmission is performed only from the best panel. The maximum Tx power is 14dBm per antenna panel
3. Dual-panel UE, dual panel transmission: the UE is equipped with two antenna panels, mounted back-to-back. Transmission is performed from the both panels. The maximum Tx power is 14dBm per antenna panel. 
4. Quad-panel UE, best panel transmission: the UE is equipped with two antenna panels, covering the sphere. Transmission is performed only from the best panel. The maximum Tx power is 14dBm per antenna panel.
5. Quad-panel UE, transmission over two best panels: the UE is equipped with two antenna panels, covering the sphere. Transmission is performed from the two best panels. The maximum Tx power is 14dBm per antenna panel
The UE output power may seem quite low but is in accordance with the RAN4 limitation on EIRP. Since we are using a panel antenna with 5dBi gain, and 8 UE antenna elements, the resulting EIRP is still way above 23dBm.
[bookmark: _GoBack]Here we assume that the UE transmits non-coherently over the two panels.  
2.1	Pathgain statistics
As a starting point, pathgain statistics have been collected for the simulation scenario. The results are shown in Figure 1 for the serving cell.
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[bookmark: _Ref534636258]Figure 1: Pathgain to serving cell. 
We note that the coverage is clearly better with more panels. In particular, going from one to two panels gives a large improvement.
As the UE transmits non-coherently over the multiple panels, the resulting pathgain for the dual-panel transmission cases are depicted as the sum of the pathgains for the two panels. As is clear from Figure 1, the difference between single-panel transmission and dual-panel transmission is marginal for the two-panel UEs, and slightly less than 1dB for quad-panel UEs. 
[bookmark: _Toc1481709]The coverage depends on the number of UE panels, but is not really dependent on the number of simultaneously used UE panels.
2.2	UE transmit power
The maximum transmit power per panel is 14dBm. The results are shown in Figure 2.
[image: ]
[bookmark: _Ref534637599]Figure 2: UE Tx power.
We note that when the UE transmits over several panels at the same time, the total Tx power is higher. Apart from that, the Tx power matches the pathgain statistics. 
2.3	Received SNR 
The results for pathgain and UE transmit powers result in the received SNR statistics depicted in Figure 3. Here the results follow the pathgain statistics.
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[bookmark: _Ref534638026]Figure 3: Received SNR
2.4	User throughput
The last performance measure investigated is the user throughput. Here we apply round-robin scheduling for the UEs connected to the cell and log the resulting throughput. The results are depicted in Figure 4.

[image: ]
[bookmark: _Ref1481509]Figure 4: User throughput
The throughput results are a natural consequence of the SNR results in Figure 3: there is a clear gain in increasing the number of panels, but no or a marginal gain in transmitting from multiple panels at the same time. This is not strange: essentially the path from the second panel is so much weaker.
[bookmark: _Toc1481710]There is a significant gain in increasing the number of panels, but only a marginal gain in transmitting over multiple panels at the same time.
Conclusion
In the previous sections we made the following observations: 
Observation 1	The coverage depends on the number of UE panels, but is not really dependent on the number of simultaneously used UE panels.
Observation 2	There is a significant gain in increasing the number of panels, but only a marginal gain in transmitting over multiple panels at the same time.
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Appendix: Simulation parameters
	Scenario
	3GPP UMi 200m ISD

	Number of sites
	7

	Number of sectors per site
	3

	Carrier frequency
	30 GHz

	BS antenna configuration
	(M, N, P, Mg, Ng) = (16,8,2,1,1), 
(0.8, 0.5)λ (V,H)-element spacing 

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

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

	DFT Beam oversampling factors (H & V)
	1 & 1

	UE orientation 
	random
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