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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 resubmission of R1-1901201.
[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. 
To investigate this further, full system simulations have been performed. Four cases have been compared:
1. Single-panel UE: the UE is equipped with one panel only.
2. 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 23dBm per antenna panel
3. Duel-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 23dBm per antenna panel. Note that in some cases, the UE will transmit with more than 23dBm.
4. Duel-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 20dBm per antenna panel. 
To optimize performance of the dual-panel transmission schemes, no restrictions are placed on the cell association for the different panels. Thus, the different panels on the UE may be connected to different cells.

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 and in Figure 2 to all cells.
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[bookmark: _Ref534636258]Figure 1: Pathgain to serving cell. Note that the different UE panels may be connected to different cells.
From Figure 1, it is clear that the scheme where the dual-panel UE connects using only the best panel provides the best performance. The other schemes have the same pathgain statistics. When a dual-panel UE uses both panels, the resulting pathgain statistics are the same as a single-panel UE: one dual-panel UE gets one good pathgain value and one not so good pathgain value for each realization, and when collecting the statistics, the result is the same as for the single-panel UE.
[bookmark: _Toc534787586][bookmark: _Toc1124196]The pathgain to the serving cell(s) is better if only the best panel is used. 
For the pathgain to all cells, there is no difference in the statistics for the schemes.
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[bookmark: _Ref534636260]Figure 2: Pathgain to all cells. 
2.2	UE transmit power
The open loop power control is performed independently per panel. The maximum transmit power per panel is 23dBm for the three first simulation cases, and 20dBm for the fourth case. The results are shown in Figure 3.
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[bookmark: _Ref534637599]Figure 3: UE Tx power per panel.
The UE Tx power matches the pathgain statistics shown in Figure 1. The more benign pathgain statistics for the “best panel” transmission scheme results in lower transmit power for the UE. Note that the Tx power for the UE using dual-panel transmission with per-panel maximum Tx power 23dBm may in some cases result in that the UE transmits with more than 23dBm. 
[bookmark: _Toc534787587][bookmark: _Toc1124197]If the UE transmits over two panels at the same time, higher Tx power is needed.
2.3	Received SNR 
The results for pathgain and UE transmit powers result in the received SNR statistics depicted in Figure 4. Not surprisingly, the “best-panel” scheme outperforms the other two schemes.
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[bookmark: _Ref534638026]Figure 4: 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.
Two load points have been investigated: one medium load case with 9 UEs, and one low load case with 3 UEs connected.
2.4.1	Medium load
The results for the medium load case are shown in Figure 5. The performance of the best-panel transmission still provides better performance than the other schemes. The dual-panel transmission with 20dBm transmit power per panel provides the worst performance, whereas the performance of the other two schemes are similar and fall in-between.
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[bookmark: _Ref534640475]Figure 5: User throughput – medium load
Clearly, the fact that the received SNR is reduced when dual-panel transmission is used will cause the performance to drop. This is particularly evident for the case where the maximum per-panel Tx power is 20dBm.
One reason why the dual-panel transmission schemes provide worse performance is that they consume resources in neighbor cells. If a dual-panel UE is connected to two cells, it will consume resources in both cells. 
[bookmark: _Toc534787588][bookmark: _Toc1124198]At medium load, the best performance is achieved when only the best panel is used.
2.4.2	Low load
The results for the low load case are shown in Figure 6. The performance of the best-panel transmission still provides better performance than the other schemes. The dual-panel transmission with 20dBm transmit power per panel provides the worst performance, whereas the performance of the other two schemes are similar and fall in-between.

[image: ]
[bookmark: _Ref534787035][bookmark: _Ref534787014]Figure 6: User throughput – low load
The performance is essentially the same as for the medium load case.
[bookmark: _Toc534787589][bookmark: _Toc1124199] At low load, the best performance is achieved when only the best panel is used.
Conclusion
In the previous sections we made the following observations: 
Observation 1	The pathgain to the serving cell(s) is better if only the best panel is used.
Observation 2	If the UE transmits over two panels at the same time, higher Tx power is needed.
Observation 3	At medium load, the best performance is achieved when only the best panel is used.
Observation 4	At low load, the best performance is achieved when only the best panel is used.
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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

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

	UE orientation 
	random
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