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1. BACKGROUND
RAN plenary #94e approved the WID in [1] for Rel-18 MIMO enhancements. As described in WID, one of the goals in Objective 7 is to study and specify the operation of simultaneous UL transmission across multiple UE panels (STxMP). In this context, for the case of simultaneous UL transmissions, the operation is limited to the description of Objective 6 in WID. In the last RAN4 meeting #108, a WF [3] was agreed outlining the way forward for the STxMP UE RF requirements assumptions. 
We are listing below the content of the WF for convenience:
	[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
[bookmark: _Hlk143698222]<Way forward> P-MPRf,c,k-
-    In RAN4#108-bis, it will be discussed how to ensure EIRP compliance
[bookmark: _Hlk143709557]<Way forward> PUMAXf,c,k
-	Whether to introduce PUMAXf,c,k will be determined based on the discussion results of MPRf,c,k/A-MPRf,c,k 
<Way forward> New signalling 
-	Whether to introduce new signalling for overlapped beams indication depends on the discussion results of MPRf,c,k/A-MPRf,c,k in RAN4#108-bis
<Way forward> Testability
-	RAN4 will check the testability issue before PUMAXf,c,k is introduced, e.g., sending LS to RAN5 and/or other means



2. DISCUSSION
In this contribution, we share our analysis on handling MPR, A-MPR, P-MPR and Pumax for mDCI STxMP Pcmax case and we propose a solution. 

2.1  FORM FACTORS - THE MPR DERIVATION FOR STXMP SCENARIO
[bookmark: _Hlk68019238]In our understanding, the proposed form-factors in the WID may have specific antenna and RF frontend capabilities. The WID specifies the following target form factors:
“Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable).”

For example, the vehicle form factor may have a very distinct antenna panels physical distribution. In one of the 5GAA white paper [4] DAS examples considered in measurements campaigns and simulations are with 2 and 4 distributed antennas.

[image: ]
Fig. 1 DAS – Possible roof top antenna distribution
Thus, it is possible to have in the future collocated or non-collocated distributed antennas. These possibilities show that in the STxMP mDCI case we may have to consider overlapping or non-overlapping beams, depending on the pair of antenna panels serving the first and second UL joint TCIs.
Observation 1: It is possible to have non-collocated or collocated antenna panels in a DAS (Distributed Antenna System). 
We can observe that an UL TRP (Total Radiated Power) measurement for non-collocated vs collocated antennas may have a very different result, as the beams may overlap in the collocated case, and thus the MPR requirements need to take in account the possibility of beam overlapping or non-overlapping cases.
Observation 2: The MPR requirements need to take in account the possibility of beam overlapping or non-overlapping cases. 
Most of the current proposals for the MPR definition contain an extra 3dB relaxation and this without considering the beam overlapping or non-overlapping cases. The overlapping case indeed leads to an increase MPR approach. 
In our opinion, the MPR depends on the overlapping or non-overlapping beams used for the STxMP. When the beams are non-overlapping, or the panels are non-collocated (vehicle DAS case for example) the extra 3dB may not be needed. 
For STxMP case, we propose to use a 3dB MPR relaxation for the overlapping beams case in a simplified form.

Proposal 1: When the UE signals the 3dB overlapping beams relaxation for the TCI k and p, the ∆TSTxMP = 3dB , otherwise ∆TSTxMP  = 0dB for both PCMAX,f,c,k and  PCMAX,f,c,p  as a  part of MAX(MAX(MPRf,c,k, A- MPRf,c,k) +∆TSTxMP + ΔMBP,n, P-MPRf,c,k).

As the overlapping, non-overlapping status is a serving TCI pair related issue, signaling it would be certainly helpful for the gNB scheduling decisions, as this situation is known only by the UE, and it may change over time. Thus, in our opinion, signaling this change in beam overlapping status would be required for an optimized and correct scheduling decisions.

Proposal 2: Send an LS to RAN2 for the overlapping – non-overlapping beams signaling resolution.


2.2 PUMAXf,c,k and P-MPRf,c,k for STxMP

In the last meeting, there was no clear decision on Pumax requirement. In our opinion, we don’t see how the STxMP scenario can be tested without PUMAXf,c,k per beam definition. Thus, we strongly suggest to keep the format of the Pcmax equation.

Proposal 3: Agree to maintain the PUMAXf,c,k measured limit in the requirement.

Similarly, there was no clear decision on P-MPRf,c,k parameter consideration. In our opinion, as the MPE was mentioned as a possible issue for certain form factors, thus we suggest maintaining it in the Pcmax per beam equation. 

Proposal 4: Agree to keep the P-MPRf,c,k parameter in the Pcmax equation.

2.3 THE PCMAX REQUIREMENT FOR STXMP  MDCI

Based on our proposals 1,3, and 4 from this paper, we propose a simplified Pcmax sub-clause text for the STxMP as follows.

Proposal 5: We propose the following text for the Pcmax definition changes that are specific to STxMP capability:
	6.2D.4.1	Configured transmitted power for STxMP
The UE can configure its maximum output power for each UL TCI state. The configured UE maximum output power PCMAX,f,c,k for TCI state k of carrier f of aand serving cell c is 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 as specified in TS 38.215 [11].
The configured UE maximum output power PCMAX,f,c,k for carrier f of a serving cell c shall be set such that the corresponding measured peak EIRP PUMAX,f,c,k for each active TCI,k state indicated for STxMP is within the following bounds
PPowerclass + DPIBE – MAX(MAX(MPRf,c,k, A- MPRf,c,k,) +∆TSTxMP + 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 ≤ EIRPmax
where the corresponding measured peak EIRP for carrier f of a serving cell c, over each active UL TCI states configured for STxMP, PUMAX,f,c,k  satisfies
PUMAX,f,c,k ≤ EIRPmax
When the UE signals STxMP overlapping beams then ∆TSTxMP  = 3dB, otherwise ∆TSTxMP  = 0.
while tThe corresponding measured total radiated power PTMAX,f,c is always bounded by
PTMAX,f,c ≤ TRPmax



3. CONCLUSIONS
This contribution discussed RF requirements for STxMP mDCI. Based on the discussion, following observations and proposals are made,

Observation 1: It is possible to have non-collocated or collocated antenna panels in a DAS (Distributed Antenna System). 
Observation 2: The MPR requirements need to take in account the possibility of beam overlapping or non-overlapping cases. 
Proposal 1: When the UE signals the 3dB overlapping beams relaxation for the TCI k and p, the ∆TSTxMP = 3dB , otherwise ∆TSTxMP  = 0dB for both PCMAX,f,c,k and  PCMAX,f,c,p  as a  part of MAX(MAX(MPRf,c,k, A- MPRf,c,k) +∆TSTxMP + ΔMBP,n, P-MPRf,c,k).

Proposal 2: Send an LS to RAN2 for the overlapping – non-overlapping beams signaling resolution.

Proposal 3: Agree to maintain the PUMAXf,c,k measured limit in the requirement.

Proposal 4: Agree to keep the P-MPRf,c,k parameter in the Pcmax equation.

Proposal 5: We propose the following text for the Pcmax definition changes that are specific to STxMP capability:
	6.2D.4.1	Configured transmitted power for STxMP
The UE can configure its maximum output power for each UL TCI state. The configured UE maximum output power PCMAX,f,c,k for TCI state k of carrier f of aand serving cell c is 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 as specified in TS 38.215 [11].
The configured UE maximum output power PCMAX,f,c,k for carrier f of a serving cell c shall be set such that the corresponding measured peak EIRP PUMAX,f,c,k for each active TCI,k state indicated for STxMP is within the following bounds
PPowerclass + DPIBE – MAX(MAX(MPRf,c,k, A- MPRf,c,k,) +∆TSTxMP + 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 ≤ EIRPmax
where the corresponding measured peak EIRP for carrier f of a serving cell c, over each active UL TCI states configured for [STxMP], PUMAX,f,c,k satisfies
PUMAX,f,c,k ≤ EIRPmax
When the UE signals STxMP overlapping beams ∆TSTxMP  = 3dB, otherwise ∆TSTxMP  = 0.
while tThe corresponding measured total radiated power PTMAX,f,c is always bounded by
PTMAX,f,c ≤ TRPmax
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