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1	Introduction
In RAN1#96bis, the following was agreed:
Agreement
In Rel-16, only introduce specification enhancement for MPUE-Assumption3
· MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission.
· Note that this does not require a UE to always activate multi-panels simultaneously
· Note: UE can control the panel activation/deactivation 
· Possible use cases at least include
· (General) UL coverage enhancement for FR2 considering the UE power consumption 
· Discussion topics in Rel-16 include:
· Details on the identification for a panel and corresponding panel definition
· Any enhancement introduced in Rel-16 should take further enhancement of simultaneous transmission across multiple panels for future releases into account. 
This is a UE optional feature

One use case of multi-panel UL transmission is to maintain coverage, while reducing the RF exposure.
In this contribution, we investigate to what extent UL multi-panel scheduling can be used to reduce the emission in certain directions while still maintaining the quality of the connection.
[bookmark: _Ref178064866]2	Discussion
[bookmark: _Hlk7721367]In Release-16, the only considered enhancements will be related to MPUE-Assumption3: a UE that is equipped with several panels but can only transmit using one at a time. The panels can be activated at the same time, so the NW can instantaneously choose to schedule a transmission from either panel.
The number of panels at the UE is an implementation design choice, and hence transparent to the NW. The standard supports UEs with any number of panels. It is quite likely that UEs will choose to activate only one of the panels and use only that panel to receive data. This is done to save power. The UE will then from time to time turn on all panels to check if another panel is better, in which case that panel is activated, and the previous panel is deactivated. Another way to handle multiple panels is that the NW may schedule UL SRS transmissions to probe multiple panels via the use of several SRS resource sets for beam management. 
Through either of these approaches, the pathloss between the gNB and the different panels is determined. The actual scheduling decision is then based on pathloss: the panel with the best pathloss is (implicitly) chosen.
[bookmark: _Hlk7721450]In some cases, the RF exposure regulations will require that the UE refrains from using its maximum Tx power. [1] by applying a back-off P-MPR. The exact level of reduction is still discussed in RAN4. 
It has also been proposed that RAN1 should look into these issues in the context of UL multi-panel transmission. The underlying idea that the P-MPR would only apply to one or a subset of the panels, and if the NW was aware of the panel P-MPR, it could choose to preform the UL transmission using another panel. Note that in this case, the NW would not choose the best panel from a propagation point of view. Also note that in practice, for a panel with reduced P-MPR, the pathloss will probably be increased. The factor that causes the P-MPR will also lead to worse propagation. This effect is not included in this investigation.
To investigate this approach, we have performed system simulations to determine the gain of the knowledge of panel-specific P-MPR. There are two baseline cases. In one case, P-MPR is 0 and in the other case, the P-MPR is non-zero but the NW assumes it is zero. This is compared to the case where the P-MPR is non-zero and exactly known to the NW.
In these investigations, it is assumed that the NW takes the backoff into account also during cell selection. The NW may thus choose to change not only the UE Tx panel as a consequence of the backoff, but also the cell association. This is somewhat unrealistic: in reality the cell selection will be based on DL reception only. If the UE is required to also connect to the same cell, the gains of p-MPRaware scheduling will be lower:
[bookmark: _Toc7787050]The reported gains also include the gains of P-MPR-aware cell selection. Such gains are much harder to achieve in practice. 
A 28GHz system is simulated, where the UE is equipped with two panels. Exhaustive beam sweeping is performed both at the NW and the UE to find the best beam pair. For the UE, the exhaustive beam sweeping is performed per panel. The results are depicted in Figure 1 for a back-off of 7dB.
[image: ]
[bookmark: _Ref7690319][bookmark: _Hlk7694088]Figure 1: User throughput as a function of served traffic for P-MPR aware multi-panel scheduling. 
A few conclusions can be drawn from Figure 1:
· There is only an impact at very low load: the gain at an offered load of 1Mbps/macro cell, corresponding to a load of 0.01 bps/Hz/cell: already at 10Mbps/macro cell, the gain is gone.
· Even the low-load gain is quite small.
As mentioned in the agreement, the intent is to focus on coverage. Therefore, we will in the following only look at performance at very low load. The results in Figure 1 point to that this is where the potential gains lie:
[bookmark: _Toc7787051]P-MPR-aware multi-panel scheduling is only beneficial at very low load.
One important factor is of course the amount of back-off. For the results in Figure 1, we assumed that the required back-off would be 7dB, which we consider a realistic value. For completeness, we have also evaluated the case when the required back-off is a 10dB. We have also studied the case when the UE is equipped with 4 antenna panels.

[bookmark: _Ref7698522]Figure 2: Low-load user throughput for P-MPR aware multi-panel scheduling for different back-offs and different UE antenna configurations.
In many cases, the factor that causes the back-off will also result in worse pathloss, i.e., due to shadowing. Thus, the UL performance is affected both by the worse propagation, and the increased back-off. To investigate if this has any impact on the result, we repeated the investigation in Figure 2, but we also increased the pathloss of the selected panel by 7dB. The results are depicted in Figure 3.

[bookmark: _Ref7698933][bookmark: _Hlk7721736] Figure 3: Low-load user throughput for P-MPR aware multi-panel scheduling for different back-offs and different UE antenna configurations. 7dB additional shadowing is applied to one of the panels.

[bookmark: _Hlk7721935]Based on the results in Figure 1, Figure 2, and  Figure 3, we observe
[bookmark: _Toc7787052]Even when P-MPR-aware cell selection is applied, the gains with P-MPR-aware scheduling are small.
Conclusion
In the previous sections we made the following observations: 
Observation 1	The reported gains also include the gains of P-MPR-aware cell selection. Such gains are much harder to achieve in practice.
Observation 2	P-MPR-aware multi-panel scheduling is only beneficial at very low load.
Observation 3	Even when P-MPR-aware cell selection is applied, the gains with P-MPR-aware scheduling are small.
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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

	Carrier bandwidth
	100MHz

	TDD ratio (DL:UL)
	3:1

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

	UE Tx power (EIRP)
	26dBm

	UE antenna configuration
	(M, N, P, Mg, Ng) = (2,4,2,1,1), 
(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 & 1

	UE orientation 
	random



No back-off	2 Panels	4 panels	21.912311119582139	25.241241826087183	7dB backoff	2 Panels	4 panels	15.596497386582032	21.904800623460321	7dB backoff - NW aware	2 Panels	4 panels	17.062460677547655	23.268392643774728	10db backoff	2 Panels	4 panels	11.643760200454388	18.903356921906681	10dB backoff - NW aware	2 Panels	4 panels	15.484034403131629	23.137229347788132	
Cell-edge throughput [Mbps]




No back-off	2 panels	4 panels	21.912311119582139	25.241241826087183	7dB back-off	2 panels	4 panels	12.994419322504664	23.210512599282865	7dB back-off - NW aware	2 panels	4 panels	15.141193741831911	23.166179957765216	10dB back-off	2 panels	4 panels	10.275817111255071	23.207589042567772	10dB back-off - NW aware	2 panels	4 panels	14.494741456992383	23.158765573880039	
Cell-edge throughput [Mbps]
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