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[bookmark: _Toc116995841]Introduction
In RAN #94e, the MIMO evolution downlink and uplink was approved in [1]. Among its objectives, there is the study and specification of STxMP for multi-TRP operations. In the last meeting RAN4#107, the following WF R4-2310268 was agreed:
	<Topic 1: STxMP>

<Agreement>: Pcmax/Pumax for STxMP
· RAN4 agreed to define ‘per-panel’ configured transmitted power for STxMP power control. 
· Total number of panels for ‘per-panel’ Pcmax should be two 
· [bookmark: _Hlk138338645]FFS whether to introduce new inequation for ‘per-panel’ Pumax
· ‘per-panel’ to be replaced in final spec language, FFS how to define per-panel ‘k (k=0,1)’ for PCMAXf,c,k considering following options
· Per TCI state
· Per TCI pool
· Per SRS resource set
· Others based on RAN1 updates are not precluded 

<Agreement>: Other UE RF requirements
· For STxMP UE architecture, the ability to steer two UL beams independently is a minimum capability. Other than that, it should be left to UE implementation
· FFS whether/how to define ‘per-panel’ MPR/A-MPR
· [bookmark: _Hlk138334679]FFS whether/how to handle the testability issue

<Agreement>: RAN4 work scope
· RAN4 agreed to consider ‘per-panel’ configured transmitted power (clause 6.2X.4) for WI completion




[bookmark: _Toc116995842]Discussion
The main content of the paper and analysis is a discussion of the UE RF requirements for STxMP.

UE RF Requirements for STxMP
Pcmax/Pumax for STxMP
In the WF from the last RAN4 meeting, it was FFS whether a new inequation for ‘per-panel’ Pumax should be introduced. It is our view that such an inequation shall be introduced and can be inspired by the inequation used for carrier aggregation:
6.2x.4	Configured transmitted power for [STxMP]
The UE can configure its maximum output power for each UL TCI-state indicated for [STxMP]. The configured UE maximum output power PCMAX,f,c,k for TCI state k of carrier f and serving cell c 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 k as specified in TS 38.215 [11].
The configured maximum output power PCMAX,f,c,k shall be set such that the corresponding measured peak EIRP PUMAX,f,c,k for each of the active TCI states k indicated for [STxMP] is within the following bounds
PPowerclass + DPIBE – MAX(MAX(MPRf,c,k, A- MPRf,c,k) + ΔMBP,n, P-MPRf,c,k) – MAX{T(MAX(MPRf,c,k, A- MPRf,c,k)), T(P-MPRf,c,k)} ≤ PUMAX,f,c,k 
and the corresponding measured peak EIRP of UE over all carriers f of all serving cells c satisfies

where PUMAX,f,c,k is the linear value of the measured power PUMAX,f,c,k for carrier f=f(c) of serving cell c, for TCI state k. The measured peak EIRP PUMAX,f,c is bounded by:
PUMAX,f,c ≤ EIRPmax
The measured total radiated power PTMAX,f,c is defined as

where pTMAX,f,c,k is the linear value of the measured total radiated power PTMAX,f,c,k for carrier f = f(c) of serving cell c, for TCI state k. The total radiated power PTMAX, f,c is bounded by:
PTMAX,f,c ≤ TRPmax
where TRPmax is the maximum TRP for the UE power class.
It is our understanding that the inequations are needed for both the per panel Pumax and the overall Pumax.
On the topic about how to write “per panel” in spec language, we are fine with either “Per TCI state” or “Per SRS resource set”.
Instead of “per panel” the specification may use either the term “Per TCI state” or “Per SRS resource set”. 

Other UE RF Requirements 
The WF concludes that it is FFS whether/how to define ‘per-panel’ MPR/A-MPR. It is our understanding that the UE may have to apply P-MPR to comply with the regulatory requirements to peak EIRP in case of overlapping beams. When transmitting on multiple beams simultaneously and the beams overlap, there is a risk that the transmitted beams from each panel are overlapping and thereby the UE peak EIRP for some directions may exceed the maximum allowed EIRP. Consequently, the UE must reduce its output power to be compliant with regulatory requirements, namely max TRP and max peak EIRP.
Since the network is not aware about the UE radiation patterns and panel placements, it cannot evaluate if UL beam pairs are overlapping and if there is a need to perform P-MPR by the UE for the given TCI/beam combination. 
P-MPR is applied by the UE autonomously and gNB is not aware of the actual P-MPR value the UE is using or when it is used. P-MPR scales down Pcmax value in PHR reporting (which reduces PH) but network is not aware whether Pcmax is reduced due to P-MPR or due to other factors or due to a combination thereof.
The network does not know if a new/change in indicated UL TCI state will result in P-MPR.
To avoid non-optimum updates in the TCI configurations, the network would therefore benefit from the knowledge of the potential P-MPR in case a given pair of TCI states are indicated. This could result in reporting of many combinations of indicated TCI states but by anticipating that the TCI states for the two TRP’s are updated sequentially, it would be sufficient to report the best active TCI states for one TRP while assuming that the current indicated TCI state is kept on the other TRP. This approach can be illustrated in Figure 1.
[image: ]
[bookmark: _Ref138839946]Figure 1: UE reports the P-MPR for pairs of TCI states for TRP A and TRP B. The P-MPR values reported to TRP B assumes that the TCI state on TRP A is maintained. Likewise, the P-MPR values reported to TRP-A assumes that the TCI states on TRP-B is maintained.
An alternative to the proactive reporting of the potential P-MPR for a given pair of TCI states would be to report the P-MPR for the actual indicated (used) TCI states, which would give the network an option to act reactively. Assuming that the network knows how the P-MPR is applied across the two panels, it will be sufficient to report the overall P-MPR, otherwise there needs to be a reporting of the P-MPR per panel.
It is proposed that RAN4 discusses the potential benefits of such P-MPR reporting by the UE. 
We propose to use P-MPR to ensure EIRP compliance when beams are overlapping.
Discuss the benefit of UE reporting of P-MPR value for pairs of TCI states. 
If RAN4 agrees that there is a benefit by this reporting, an LS shall be made to RAN1/RAN2 to request the necessary signaling support (e.g., reusing MPE bits in the PHR or adding P-MPR to the L1 measurement report).
[bookmark: _Toc116995848]Conclusion
In the paper, the following Observations and Proposals were made:
1. It is our understanding that the inequations are needed for both the per panel Pumax and the overall Pumax.
Instead of “per panel” the specification may use either the term “Per TCI state” or “Per SRS resource set”. 
1. The network does not know if a new/change in indicated UL TCI state will result in P-MPR.
We propose to use P-MPR to ensure EIRP compliance when beams are overlapping.
Discuss the benefit of UE reporting of P-MPR value for pairs of TCI states. 
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