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Introduction
In the last RAN4 meeting, a general work plan has been approved in [1], below contents are reproduced for reference.
	RAN4#106-Bis (Apr, ’23)
	UE RF
	· Initiate discussion on UE RF requirements of identified impact
· Continue to check other impact on UE RF requirement

	
	RRM Core
	· Discuss and identify which RRM requirements need to be developed to support MIMO evolution


Besides, some agreements have been achieved as captured in the WF [2], which can guide the directions for further study.
	<Way forward>: Proposed UE RF agenda from next meeting, RAN4#106-bis-e
1. General and work plan
2. UE RF on simultaneous transmission with multi-panel (STxMP)
2.1 Per-panel power limitation
2.2 Per-UE power limitation
STxMP

<Agreement>: Panel definition
· Use Option 1 as baseline. (Option 1: Based on multi-Rx WI)
<Agreement> 
· Current defined power classes shall be considered further as reference for any power limitation discussions while defining the new requirements for STxMP case, if needed.
<Agreement>
· STxMP scenario should be carefully considered to simultaneously handle the regulatory MPE requirements and the total radiated power requirements
<Way forward>: ‘Per-TCI state’ configured power for ‘per-panel’ power limitation
- 	Companies are encouraged to provide view on ‘Per-TCI state’ power limitation, or other solutions to support ‘per-panel’ power control based on realistic implementation considerations.  
<Way forward>: Method to specify ‘per-UE’ power limitation	
-	Companies are encouraged to provide view on ‘Per-UE’ power limitation for STxMP with following options
   -	Option 1: Reuse legacy requirement for STxMP
    -	Option 2: Define new requirements as ‘total power concept’ for STxMP
    -	Option 3: Others


In this contribution, we would like to share our views on this topic. 
Discussion
On the possible UE architectures to support STxMP operation
Normally UE vendors could have diverse implementation choices, which are inevitably based on compromise between performance and complexity/cost. Before diving into the potential RF requirements impact, we think it is reasonable and beneficial if common view about possible hardware architectures can be established for this feature first.
Proposal 1: RAN4 should establish a common view about possible UE hardware architectures for the study of STxMP operation.
Architecture #1 – Independent AIP, FE and IF
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Figure 1-1. Architecture #1 for STxMP
For architecture #1, independent AIP, FE (front-end) and IF (intermediate frequency) module are added to support STxMP. Besides, the baseband capability may need to be enhanced to support 4 layers transmission. This kind of architecture could have a chance to fulfil spatial diversity gain due to the fact that independent power control for each UL transmission link can be supported. But there could be additional relaxation for the actual transmission power of each link for accommodating realistic implementation issue like heat dissipation. However, the overall gain for this most expensive choice should be further clarified considering all those foreseeable implementation difficulties.    
Observation 1: (Architecture #1) For the UE RF architecture that using independent AIP, RF front end and IF module to realize STxMP operation:
· Independent power control for each UL transmission link can be supported.
· Over two panels, up to 4 layers and up to 2 TBs with independent UL precoder selection can be supported if baseband capability could be further enhanced.
· The overall gain for this most expensive choice should be further clarified considering all foreseeable implementation difficulties, e.g., additional relaxation for the actual transmission power of each link to overcome heat dissipation.
Architecture #2 – Independent AIP and FE
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Figure 1-2. Architecture #2 for STxMP  
In Figure 1-2, another solution that using independent AIP and FE to support STxMP operation is provided. For this architecture the following drawbacks can be identified comparing to architecture #1:
a. Only 2 layers and single TB for UL transmission can be supported. 
b. The flexibility of independent power control might be reduced. For architecture #1, ideally there could be no limitation for the power imbalance between two RF chains. While for architecture #2 the power imbalance could be restricted by the dynamic range capability of FE module since IF module is shared.
However, this is an implementation choice with rational costs and the spatial diversity gain can be achieved to some extends.
Observation 2: (Architecture #2) For the UE RF architecture that using independent AIP and RF front end to realize STxMP:
· Independent power control for each UL transmission link can be supported.
· The power imbalance could be restricted by the dynamic range capability of FE module since IF module is shared.
· SDM repetition transmission can be supported.
· A good balance between implementation costs and performance gain. 
Architecture #3 – Independent AIP
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Figure 1-3. Architecture #3 for STxMP  
In Figure 1-3, we provide the illustration for a possible solution that only using independent AIP to support STxMP operation. Apparently, this could be the most economical implementation choice, but due to the fact that two AIPs are sharing IF and front-end module, only repetition transmission can be supported without independent power control for each UE-TRP link.
Observation 3: (Architecture #3) For the UE RF architecture that using independent AIP to realize STxMP:
· Independent power control for each UL transmission cannot be supported.  
· SDM repetition transmission can be supported.
Proposal 2: RAN4 discussion for STxMP operation can be based on Architecture #1 and Architecture #2.
Potential RF requirements impact
Power limitation
The schedule for this meeting was agreed as having discussion on the per-UE/per-panel power limitation. From our understanding, it is important for RAN4 to consider both performance benefits and workload aspects for each approach. Apparently, reuse the current per-UE power limitation framework must be the approach with the least specification impact, while additional relaxation for STxMP operation can be further considered on top of it.   
Observation 4: Reuse the current per-UE power limitation framework requires the least specification impacts, while additional relaxation for STxMP operation can be further considered on top of it.  
As for “per-panel” power limitation, one solution has been proposed which is to introduce a per-TCI state configured power inequality, details are reproduced from [2] as below:
[image: ]
We understand the intention is trying to implement “per-panel” transmission power configuration in RAN4 specification by introducing RAN1 concept. But till now RAN1 has not concluded on the per TCI state power control, on the other hand the upper limit of the number of configured TCI state could be varied, which may not be well aligned with the equipped antenna module number (not suitable to be specified, either). Anyway we think it is inappropriate for RAN4 to directly adopt this change.
Proposal 3: More clarification is needed before adopting per-TCI state to support “per-panel” power configuration for STxMP operation.
Others 
Actually, power limitation is probably only one item among all RF requirements that could be impacted to support STxMP operation. This can be attributed to simultaneous transmission on more than one beam has never been considered from core requirement perspective. For instance, a common issue that both “per-UE” and “per-panel” transmission power configuration would encounter is that whether existing MPR and A-MPR requirements can still apply. To our understanding, the assumption for the evaluation of them is single Tx beam. But whether for example SEM requirement can still be met under the same MPR with dual Tx beams should be further considered.    
Observation 5: Since STxMP operation requires the UL transmission on more than one beam, whether existing MPR and A-MPR requirements can still be applied may need further consideration. 
Based on the above analysis, we think postpone the discussion to the next release is more appropriate than giving a small piece of STxMP RF requirement framework due to the fact that dual Tx beam would be a fundamental change to the current specification.
Proposal 4: Postpone the study on how to define new RF requirement(s) for STxMP operation to Rel-19.  
Conclusion
In this contribution we provide our views on STxMP operation from RF perspective, we have the following observations and proposals: 
Observation 1: (Architecture #1) For the UE RF architecture that using independent AIP, RF front end and IF module to realize STxMP operation:
· Independent power control for each UL transmission link can be supported.
· Over two panels, up to 4 layers and up to 2 TBs with independent UL precoder selection can be supported if baseband capability could be further enhanced.
· The overall gain for this most expensive choice should be further clarified considering all foreseeable implementation difficulties, e.g., additional relaxation for the actual transmission power of each link to overcome heat dissipation.
Observation 2: (Architecture #2) For the UE RF architecture that using independent AIP and RF front end to realize STxMP:
· Independent power control for each UL transmission link can be supported.
· The power imbalance could be restricted by the dynamic range capability of FE module since IF module is shared.
· SDM repetition transmission can be supported.
· A good balance between implementation costs and performance gain.
Observation 3: (Architecture #3) For the UE RF architecture that using independent AIP to realize STxMP:
· Independent power control for each UL transmission cannot be supported.  
· SDM repetition transmission can be supported.
Observation 4: Reuse the current per-UE power limitation framework requires the least specification impacts, while additional relaxation for STxMP operation can be further considered on top of it.  
Observation 5: Since STxMP operation requires the UL transmission on more than one beam, whether existing MPR and A-MPR requirements can still be applied may need further consideration. 
Proposal 1: RAN4 should establish a common view about possible UE hardware architectures for the study of STxMP operation.
Proposal 2: RAN4 discussion for STxMP operation can be based on Architecture #1 and Architecture #2.
Proposal 3: More clarification is needed before adopting per-TCI state to support “per-panel” power configuration for STxMP operation.
Proposal 4: Postpone the study on how to define new RF requirement(s) for STxMP operation to Rel-19.  
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6.2x.4  Configured transmitted power for [STxMP]

The UE can configure its maximum output power. The configured UE maximum output power Peyaxscix for TCI
state k of carrier f efaand 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 as specified in TS 38.215 [11].

The configured UE maximum output power Peyaxsox forearrier fofaservingeell-e-shall be set such that the
corresponding measured peak EIRP Pyyaxsei for TCI state & is within the following bounds

Prowerctass T+ APBE — MAX(MAX(MPR¢ i, A- MPR¢c k) + AMBp,, P-MPR¢. k) - MAX{T(MAX(MPR¢, i, A-
MPR¢cx)), T(P-MPR¢cx)} -[ATstavr] < Pumaxtek < EIRPpax

and where the corresponding measured peak EIRP for carrier fof a serving cell ¢, over all active TCI states
configured for [STXMP], Pipyax ¢, satisfies

Puvaxse < EIRPpax
while the corresponding measured total radiated power Pryax ¢ is bounded by
Prvax e < TRPuax

[where ATsrovp is a relaxation specific to STXMP operation]
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