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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.  RAN1 initiated discussions in the last meeting led to an LS to RAN4 in [2] regarding UE power limitation for STxMP in FR2.

We are listing below for convenience the objectives 6 and 7 as they are part of the following discussion:

	6. 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)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.
7. Study, and if justified, specify the following 
a) Two TAs for UL multi-DCI for multi-TRP operation 
b) Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.




Additionally, we are listing below the content of the LS for convenience as it is the main subject of this contribution:

	Regarding UE power control for STxMP in FR2, RAN1 has two following assumptions on power limitation so far:
· Assumption 1: Power limitation per panel for STxMP
· Assumption 2: A total power limitation per UE over all UE panels used for STxMP
Above power limitation includes both total radiated power and EIRP, and scenarios of these assumptions include at least single carrier scenario in FR2.
RAN1 seeks a few answers from RAN4 on the following questions in order to proceed further on the study of UE power control for STxMP.
Question 1: From RAN4 perspective, is Assumption 1 is feasible?
Question 2: From RAN4 perspective, is Assumption 2 is feasible?
Question 3: In either of Assumption1 or Assumption 2, whether the total power limitation per UE over all UE panels used for STxMP or the sum of per-panel power limitation for STxMP can be different from (greater than) the existing power limitation for a given power class?
Question 4: If both Assumption 1 and Assumption 2 are feasible, whether both assumptions can/shall be applied to a same UE, and what is the relationship between the per-panel power limitation and total power limitation if both are applied (e.g., the sum of per-panel power limitation can be larger than the total power limitation per UE, or should be always the same)?



2. DISCUSSION
In this contribution, we share our analysis and propose answers for the LS reply to RAN1. 

2.1 MULTI-TRP FOR STXMP ANALYSIS
[bookmark: _Hlk68019238]In Rel-17, for both intra and inter-cell, multi-TRP operations were limited to within a CP reception. That means, no major UE timing adjustments in downlink were expected. However, in Rel-18 the enhancements are going beyond a CP and allow for two TAs, meaning that UL transmissions using 2 panels may lead to different overlapping symbols. Since the WID description target certain devices with different power classes and antenna architecture (up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)), we believe that simultaneous UL transmission can be broken down in two main feasible cases:
A. UE Panel’s spatial separation is large enough so the panels can be considered non-coupled.
B. UE Panels are collocated and close enough to mutually interfere (coupled). 

Based on the above cases we can make the following observations:

Observation 1:  Case A (UE non-coupled panels) may support overlapping RB allocations for simultaneous UL transmissions as they are far enough to avoid mutual interference.

Observation 2:  Case B (UE coupled panels) may require mutual exclusive RB allocations (an FDM scheme) per TRP/UL panel to avoid self-interference.

The WID description also limit the simultaneous transmissions at (PUSCH+PUSCH) and (PUCCH+PUCCH) pairs. It is also clear that each linked TRP and UE panel will have a separate power control loop.

Observation 3:  Each linked TRP and UE panel have a separate power control loop.

With the above observations in mind, we propose to convey the feasible cases to RAN1 for further consideration.

Proposal 1: Add in the LS reply the feasible cases considered in RAN4 discussion and answers.

Moreover, since the two cases may lead to different UL scheduling requirements, it may be necessary to signal the UE collocated or non-collocated panels as a UE capability.

Observation 4:  It may be necessary to signal the UE collocated or non-collocated panels as a UE capability.

Based on the above observation and cases split, we suggest that:

Case A (UE non-coupled panels): Each panel can follow the sub-clause 6.2.4 from 38.101-2 as follows:

	The configured UE maximum output power PCMAX,f,c for carrier f of a serving cell c on a non-coupled panel shall be set such that the corresponding measured peak EIRP PUMAX,f,c is within the following bounds 
[bookmark: _Hlk36570999]PPowerclass + DPIBE – MAX(MAX(MPRf,c, A- MPRf,c,) + ΔMBP,n, P-MPRf,c) – MAX{T(MAX(MPRf,c, A- MPRf,c,)), T(P-MPRf,c)} ≤ PUMAX,f,c ≤ EIRPmax
while the corresponding measured total radiated power PTMAX,f,c on a non-colocated panel is bounded by
PTMAX,f,c ≤ TRPmax



Case B (UE coupled panels): If the FDM RB allocation is accepted as a feasible case, then we believe that intra-band carrier aggregation configured power model can be applied as follows:
	The configured UE maximum output power PCMAX,f,c,n for carrier f of a serving cell c in band n shall be set for each panel such that the corresponding measured peak EIRP PUMAX,f,c,n is within the following bounds
PPowerclass + PIBE – MAX(MAX(MPRf,c,n, A- MPRf,c,n) + ΔTIBP,n, P-MPRf,c,n) – MAX{T(MAX(MPRf,c,n, A- MPRf,c,n,)), T(P-MPRf,c,n)} ≤ PUMAX,f,c,n ≤ EIRPmax,n
while the corresponding measured total radiated power in uplink band n, per UE PTMAX,f,c,n , is bounded by
PTMAX,f,c,n ≤ TRPmax,n


Based on the above analysis and observations we can believe that Assumption 1 and Assumption 2 may be treated considering Case A and Case B described above. And thus:

· Assumption 1: Power limitation per panel for STxMP – belongs to Case A (non-coupled UE panels)
· Assumption 2: A total power limitation per UE over all UE panels used for STxMP – belongs to case B (coupled UE panels)
With the above case- assumption association, the answers for RAN1 questions can be answered as follows:

Proposal 2: Consider the following answers for the LS reply:

Question 1: From RAN4 perspective, is Assumption 1 is feasible?
Answer 1: If the UE panels are sufficiently separated in space, so they don’t mutually interfere (non-coupled), then Assumption 1 is feasible, and each panel may follow sub-clause 6.2.4 in 38.101 in terms of EIRP and TRP power limits.
Question 2: From RAN4 perspective, is Assumption 2 is feasible?
Answer 2: If the UE panels are collocated or very closed in space, so they mutually interfere (coupled), then Assumption 2 is feasible, with the condition that the RB allocations are mutually exclusive(FDM allocation), and each panel may follow sub-clause 6.2.4 in 38.101 in terms of EIRP limits while maximum TRP power is limited per UE. (Similar to max TRP for UL CA case.)
Question 3: In either of Assumption1 or Assumption 2, whether the total power limitation per UE over all UE panels used for STxMP or the sum of per-panel power limitation for STxMP can be different from (greater than) the existing power limitation for a given power class?
Answer 3: The answer to this question is related to the panel -based architecture of the UE as explained in Answer 1 and 2 respectively based on described cases A and B.

Question 4: If both Assumption 1 and Assumption 2 are feasible, whether both assumptions can/shall be applied to a same UE, and what is the relationship between the per-panel power limitation and total power limitation if both are applied (e.g., the sum of per-panel power limitation can be larger than the total power limitation per UE, or should be always the same)?
Answer 4: Both Assumptions are feasible, but under different antenna/panel architecture, and thus they cannot be applied to the same UE if the UE don’t support both Case A and B at the same time (meaning more than 2 panels on the UE). For the relation between per-power limitation and total power limitation, see Answers 1 and 2.

3. CONCLUSIONS
This contribution discussed the question freom RAN1 LS on mDCI simultaneous UL transmissions on STxMP. Based on the presented discussion, we made the following observations and proposals:
Observation 1:  Case A (UE non-coupled panels) may support overlapping RB allocations for simultaneous UL transmissions as they are far enough to avoid mutual interference.

Observation 2:  Case B (UE coupled panels) may require mutual exclusive RB allocations (an FDM scheme) per TRP/UL panel to avoid self-interference.

Observation 3:  Each linked TRP and UE panel have a separate power control loop.

Proposal 1: Add in the LS reply the feasible cases considered in RAN4 discussion and answers.

Proposal 2: Consider the following answers for the LS reply:

Question 1: From RAN4 perspective, is Assumption 1 is feasible?
Answer 1: If the UE panels are sufficiently separated in space, so they don’t mutually interfere (non-coupled), then Assumption 1 is feasible, and each panel may follow sub-clause 6.2.4 in 38.101 in terms of EIRP and TRP power limits.
Question 2: From RAN4 perspective, is Assumption 2 is feasible?
Answer 2: If the UE panels are collocated or very closed in space, so they mutually interfere (coupled), then Assumption 2 is feasible, with the condition that the RB allocations are mutually exclusive(FDM allocation), and each panel may follow sub-clause 6.2.4 in 38.101 in terms of EIRP limits while maximum TRP power is limited per UE. (Similar to max TRP for UL CA case.)
Question 3: In either of Assumption1 or Assumption 2, whether the total power limitation per UE over all UE panels used for STxMP or the sum of per-panel power limitation for STxMP can be different from (greater than) the existing power limitation for a given power class?
Answer 3: The answer to this question is related to the panel -based architecture of the UE as explained in Answer 1 and 2 respectively based on described cases A and B.

Question 4: If both Assumption 1 and Assumption 2 are feasible, whether both assumptions can/shall be applied to a same UE, and what is the relationship between the per-panel power limitation and total power limitation if both are applied (e.g., the sum of per-panel power limitation can be larger than the total power limitation per UE, or should be always the same)?
Answer 4: Both Assumptions are feasible, but under different antenna/panel architecture, and thus they cannot be applied to the same UE if the UE don’t support both Case A and B at the same time (meaning more than 2 panels on the UE). For the relation between per-power limitation and total power limitation, see Answers 1 and 2.
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