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In the WID on Rel-18 MIMO evolution for downlink and uplink, the following objectives are relevant to the feature simultaneous transmission with multi-panel (STxMP) [1]. At the last RAN4 meeting, discussion on the UE power requirements continued for STxMP and RAN4 agreements were captured in a WF [2].
This paper provides our views on the open issues in the WF:
· Configured power
· MPR/A-MPR
· MPE compliance
[bookmark: _Toc116995842]Discussion
Configured power for STxMP
In the WF [2], the following was agreed for further study.
<Agreement> PCMAXf,c,k
-	LS is sent to RAN1 to inform that RAN4 will introduce PCMAXf,c,k for STxMP (See R4-2314698)
-	How to incorporate the  PCMAXf,c,k in to the spec will be discussed in RAN4#108-bis 
With the agreement of defining per-panel ‘k (k=0,1)’ for PCMAXf,c,k as per TCI state, the next task is how to revise the inequality for “per-panel” Pumax. For convenience, the proposed change from [3] is copied here.
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There are two issues to be discussed, namely PPowerclass and the relaxation factor ∆TSTxMP. Based on previous agreement, the existing PPowerclass, i.e., the UE minimum peak EIRP, can be reused. In addition, it is necessary to have the relaxation factor as a placeholder to account for possible RF impairments or other design constraint. If there is a per-panel min. peak EIRP requirement defined, in other words, a different Ppowerclass, which considers the relaxation, an explicit relaxation factor would not be needed.

Proposal 1: Relaxation factor in the per-TCI state configured power formulation is needed to account for RF impairments or design constraints.

MPR/A-MPR
In the WF [2], it was agreed to further investigate MPR/A-MPR
[bookmark: _Hlk143707097]<Way forward> MPRf,c,k/A-MPRf,c,k
-	MPRf,c,k/A-MPRf,c,k will be further discussed and determined in RAN4#108-bis from the following options 
· Option 1: MAX[(MPRk , A-MPRk, MPRp, A-MPRp) ] +3dB in lower bound for beam k and p
· Option 2: MAX(X, MPRf,c,k, A- MPRf,c,k), X = 10*log10(number of UL TCI-states indicated for [STxMP]) dB in lower bound
· Option 3: Define ‘per-panel’ requirements of MPRf,c,k = MPRf,c + 3dB, and A-MPRf,c,k = A-MPRf,c + 3dB
· Option 4: Reuse MPRf,c and A-MPRf,c requirements, and add 3dB relaxation to lower bound
· Option 5: Do not extend the current MPR concept at least in this release.
· Option 6: Other proposals based on legacy MPR/A-MPR requirements are not precluded for RAN4#108-bis

MPR allows a UE to back off its power to meet requirements like out-of-band emission requirement or EVM requirement. A-MPR allows the UE to further back off its power to meet some additional emission limits for a band.
It is believed that when two panels are used for UL transmission, each panel should meet the existing EVM requirement to ensure communication quality. Therefore, it is expected that the current MPR for single panel would serve as the lower bound of MPR needed to meet the existing EVM requirement. What is a bit unclear is the interaction between the two active panels may further degrade the transmission signal quality, thereby requiring further investigation.
On out-of-band emission requirement, we believe because of the agreed minimum requirement on STxMP UE architecture, i.e., the ability to steer two UL beams independently is a minimum capability, it is likely the two panels will have separate phase shifters and PAs after that, also argued in [4]. Therefore, there is no IMD generated by the two transmissions from the same PA. However, it remains to be seen if any interaction between the two active panel will further deteriorate the out of band emission. 
At the same time, it is worth mentioning that the relaxation factor in Proposal 1 could be used to deal with such undesired effects due to two simultaneously active panels. 
There are concerns raised in [5] on how per panel MPR works, as there are different gating factors dictating how much MPR may be needed. Given the many uncertainties, it is proposed to not extend the current MPR concept to “per-panel” or “per TCI state” at least in this release. We are open to further investigating how/if the current MPR concept can be reused.
Proposal 2: Option 2 for MPR/A-MPR can be a starting point, i.e., MAX(X, MPRf,c,k, A-MPRf,c,k), X = 10*log10(number of UL TCI-states indicated for [STxMP]) dB in lower bound, subject to further investigation of interaction between the two active panels.


MPE compliance for STxMP
During the simultaneous UL transmission, there are two UL beams formed by two panels. As a result, there are two cases for MPE compliance.

Case 1: The two UL beams do not overlap. In this case, the MPE can be handled on a per-beam/per TCI state basis as they are independent from each other. As such, the required P-MPR can be determined independently, relying on the existing mechanism.

Case 2: The two UL beams overlap. In this case, the amount of P-MPR needed for each beam would be decided based on the joint consideration of the two beams. Should the power backoff be the same for each beam or be different, given that the two beams may carry different payloads? For instance, should the beam carrying PUCCH see smaller power backoff compared to the other beam that carries PUSCH?

We understand P-MPR due to MPE compliance to a large extent can be left to UE implementation. But since continued enhancements have been made in R16, i.e., MPE P-MPR Reporting, and in R17, i.e., beam-specific P-MPR reporting, it is perhaps useful to discuss what can be done to improve the performance.

Proposal 3: In the case of overlapping beams in simultaneous UL transmission, it is to be decided if MPE compliance should be completely left to UE implementation or some enhancement can be discussed to assist the UE/network. 

[bookmark: _Toc116995848]Conclusion
In this contribution, we make the following proposals on STxMP：
[bookmark: _Toc116995849]Proposal 1: Relaxation factor in the per-TCI state configured power formulation is needed to account for RF impairments or design constraints.
Proposal 2: Option 2 for MPR/A-MPR can be a starting point, i.e., MAX(X, MPRf,c,k, A-MPRf,c,k), X = 10*log10(number of UL TCI-states indicated for [STxMP]) dB in lower bound, subject to further investigation of interaction between the two active panels.
Proposal 3: In the case of overlapping beams in simultaneous UL transmission, it is to be decided if MPE compliance should be completely left to UE implementation or some enhancement can be discussed to assist the UE/network. 
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6.2 x.4 Configured transmitted power for [STxMP]

maximum output power Pemax s, « for TCI state k of carrier fand serving cell ¢ defined as that available to the
reference point of a given transmitter branch that corresponds to the reference point of the higher-layer filtered RSRP
measurement for TCI state & as specified in TS 38.215 [11].

The configured UE maximum output power Pcvax sc shall be set such that the corresponding measured peak EIRP
Pumax ek for each of the active TCI states k indicated for [STxMP] is within the following bounds

Prowerclass + APiBE — MAX(MAX(X, MPR¢cx, A- MPRsc i) + AMBp .y, P-MPR{cx) - MAX{T(MAX(X, MPR;cx, A-
MPRgcx)), T(P-MPRicx } -[ATstxme] < Pumax ek < EIRPmax

and the corresponding measured peak EIRP for carrier fof a serving cell ¢, over all active TCI states indicated for
[STXMP], Punvax s satisfies

Punvaxse < ETRPrmax

while the corresponding measured total radiated power over all active TCI states indicated for [STxMP], Prmaxf. is
bounded by

Prmax te £ TRPmax
Where,

X = 10*logio(number of UL TCl-states indicated for [STxMP]) dB is the per TCI state relaxation to comply with the
Pruax s inequality above

ATsrovp, is a relaxation specific to STXMP operation,

Prowerglass the UE minimum peak EIRP as specified in sub-clause 6.2.1, EIRPmax the applicable maximum EIRP as
specified in sub-clause 6.2.1, MPRsgk, and A-MPRsck the MPR and A-MPR respectively for UL associated with TCI
state k as specified in sub-clauses 6.2.2 and 6.2.3

o (Other parts left out due to trivial nature of changes)





