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1.	Introduction 
In previous agreements, a ‘per-panel’ configured transmitted power for STxMP power control was agreed. In this contribution, we refine this agreement further and propose the basis for the configured Tx power requirement for STxMP operation.
2.	Discussion
2.1	Background
In a previous WF an open item was the basis for defining the configured Tx power requirement in the RAN4 standard [2].
	<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 
· 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 




Per RAN1 agreement (chairman notes from RAN1#113), ‘an RRC configuration can be provided to the SRS resource set to inform that the UE shall apply the first or the second indicated joint/UL TCI state to the SRS resource set’. This agreement thus makes equivalent ‘per-SRS resource set’ and ‘per-TCI state’, at least for PUSCH and SRS transmissions. See Annex for further detail. Unfortunately, PUCCH transmissions present a problem for the ‘per-SRS resource set’ formulation: PUCCH+PUCCH transmission is a valid STxMP scenario for sDCI (i.e. SFN PUCCH is STxMP), as are PUSCH+PUCCH scenarios when the latter is multiplexed onto PUSCH to the same destination TRP. Now, a PUCCH resource is configured with a spatial relation info that does not reference SRS resources, which means a ‘per-SRS resource set’ formulation is not sufficient, and a separate treatment is required for PUCCH.
Observation 1: A ‘Per SRS resource set’ formulation of the configured Tx power requirement for STxMP is not sufficiently general because it does not cover PUCCH transmissions. 
It is noteworthy that for Rel-18, RAN1 has designed each PUCCH resource to be configured to follow one indicated TCI, i.e. a per TCI-state formulation is necessary for PUCCH. From previous work [1], a per-TCI state formulation can work for PUSCH and SRS. A per-TCI state formulation is therefore applicable to all, PUSCH, SRS and PUCCH.
[bookmark: _Hlk138317689]Observation 2: A ‘Per TCI-state’ formulation of the configured Tx power requirement for STxMP covers SRS, PUCCH and PUSCH transmissions.
Another candidate for basis of the configured Tx power requirement for STxMP is TCI-state pool. A primary problem is that the term ‘pool’ does not have a formal definition in RAN1. Further, the advantage of using ‘pool’ over ‘TCI-state’ is not clear. Complexity of maintaining PCmax parameters for multiple TCI state pairings has been identified as one motivation of ‘pool’. The complexity constraint can be addressed autonomously by the UE: If a UE is challenged to maintain multiple PCmax parameters corresponding to multiple TCI-state pairings, it merely limits the TCI states it jointly reports for STxMP in line with its own capability. Complexity management is therefore not a good enough reason to use 'pool’.
Observation 3: The ‘Per-pool’ formulation of the configured Tx power requirement for STxMP depends on an undefined parameter (‘pool’), and further, the motivation is not strong: The UE is able to autonomously address any complexity problems pertaining to maintenance of multiple PCmax parameters.
We summarize the relative merits of  the three methods. 
	
	Per TCI State
	Per TCI state pool
	Per SRS resource set

	Definition of basis exists in RAN1?
	Y
	N
	Y

	Applicable for PUSCH?
	Y
	Y
	Y

	Applicable for SRS?
	Y
	Y
	Y

	Applicable for PUCCH?
	Y
	Y
	N



Observation 4: The ‘per TCI-state’ formulation of the ‘Configured Tx power’ requirement remains the most general formulation, and therefore the simplest to standardize.
For subsequent discussion in this contribution, we adopt ‘per TCI-state’ as the optimal implementation of ‘per-panel’.
[bookmark: _Hlk137717839]2.2	The ‘Configured Tx power’ requirement proposal
We previously constructed a configured Tx power requirement proposal based on ‘per TCI-state’ [1]. It is consistent with common understanding on applicability of regulatory limits. It also incorporates the necessary per-TCI state back off allowance (MPR and A-MPR), whose necessity and feasibility were also demonstrated in [1]. There was additional discussion [2] on whether an explicit per TCI state MPR and A-MPR needs to be defined in the standard. 
	<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
· FFS whether/how to handle the testability issue



In [1], we established that the per TCI-state backoff can largely mirror legacy single CC MPRs, provided a certain minimum MPR was guaranteed to allow for compliance with regulatory TRP limit. Other formulations are also possible but this ‘minimum alternative MPR’ is simple enough to absorb directly into PCmax inequality. 
Observation 5: An explicit definition of per TCI-state MPR and A-MPR is not necessary provided the PCmax inequality allows for a UE to back off to remain regulation compliant.
The proposal below is developed further from [1] to accommodate a per-TCI state back off allowance without the need for an explicit definition of per-TCI state MPR. The proposal also adds clarifications to explain the motivation behind the change, as an aid to the reader not involved in the construction of the standard for this feature.
	6.2 x.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 of 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 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 of the active TCI states k indicated for [STxMP] is within the following bounds
PPowerclass + DPIBE – MAX(MAX(X, MPRf,c,k, A- MPRf,c,k) + ΔMBP,n, P-MPRf,c,k) – MAX{T(MAX(X, MPRf,c,k, A- MPRf,c,k)), T(P-MPRf,c,k } -[∆TSTxMP] ≤ PUMAX,f,c,k ≤ EIRPmax
and the corresponding measured peak EIRP for carrier f of a serving cell c, over all active TCI states indicated for [STxMP], PUMAX,f,c satisfies
PUMAX,f,c ≤ EIRPmax
while the corresponding measured total radiated power over all active TCI states indicated for [STxMP],  PTMAX,f,c is bounded by
PTMAX,f,c ≤ TRPmax
Where, 
X = 10*log10(number of UL TCI-states indicated for [STxMP]) dB is the per TCI state relaxation to comply with the PTMAX,f,c inequality above 
∆TSTxMP is a relaxation specific to STxMP operation,
PPowerclass 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, MPRf,c,k, and A-MPRf,c,k 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 
…..(other parts left out due to trivial nature of changes)



2.3	Additional considerations
2.3.1	Whether to define per TCI-state EIRP 
Given a general desire to establish a per-panel (‘per TCI-state’) Pcmax [2], it is necessary to establish a measurable equivalent parameter ‘Pumax’ that is also per TCI-state. Per established practice, Pumax is an EIRP metric. A per TCI-state PCmax therefore automatically implies that the EIRP needs to be measured per TCI-state. 
Observation 6: Per TCI-state EIRP is central to support a per-TCI state PCmax formulation.
Per-TCI state EIRP can no longer be measured by a simple power meter measurement. This new limitation is however not an insurmountable physical problem for TE. Note that transmit signal quality requirements already require layer separation of the UL signal via demodulation. A per-layer power measurement represents just more post-processing of layer-separated and equalization data. 
Observation 7:  Per TCI-state EIRP measurement does not present a testability issue because it is equivalent to determining per-layer power. Per-layer separation is not a new concept for FR2.
2.3.2	Whether to define an EIRP backoff signaling due to beam overlap 
For the case where both uplinks are transmitting at close to the regulatory EIRP limit and there is prospect of overlap of the UL beams, the UE may have to consider special procedures to remain compliant. Proposed signaling like ‘power sharing’ intends to help the network refine its UL power expectations from each UE when these special procedures are applied. Other mechanisms like per-TCI state PHR already can carry similar information. Also note that such autonomous backoff taken by the UE in order to stay compliant is indistinguishable from considerations that cause a legacy UE to take PMPR. So further discussion is required on how to streamline all these mechanisms and communicate this kind of predictive information to the network. 
It is however evident that the discussion on whether to introduce signal is orthogonal to establishing whether the Pcmax requirement can be defined in a ‘per-TCI’ state sense. We therefore considered such discussion as part of  ‘further optimization’ rather than one to establish a more basic conceptual understanding of Pcmax.
Observation 8:  The need for signaling to communicate additional constraints on UL EIRP to the network is orthogonal to whether the requirement can be defined in a per TCI-state sense or not.
2.4	Summary
The proposed configured tx power requirement and the subsequent observations demonstrate that a per TCI state formulation is optimal for STxMP. This conclusion is useful for RAN1 in their design. It is therefore proposed that we communicate the conclusion to RAN1.
Proposal 1: Send LS to RAN1 to confirm that RAN4 will establish a per-TCI state Pcmax for STxMP. 
Separately, further work in RAN4 can be determined based on carrier demand.
Proposal 2: The baseline assumption for the configured Tx power requirement for STxMP shall be as proposed in section 2.2.
3. 	Conclusions
Observation 1: A ‘Per SRS resource set’ formulation of the configured Tx power requirement for STxMP is not sufficiently general because it does not cover PUCCH transmissions. 
Observation 2: A ‘Per TCI-state’ formulation of the configured Tx power requirement for STxMP covers SRS, PUCCH and PUSCH transmissions.
Observation 3: The ‘Per-pool’ formulation of the configured Tx power requirement for STxMP depends on an undefined parameter (‘pool’), and further, the motivation is not strong: The UE is able to autonomously address any complexity problems pertaining to maintenance of multiple PCmax parameters.
Observation 4: The ‘per TCI-state’ formulation of the ‘Configured Tx power’ requirement remains the most general formulation, and therefore the simplest to standardize.
Observation 5: An explicit definition of per TCI-state MPR and A-MPR is not necessary provided the PCmax inequality allows for a UE to back off to remain regulation compliant.
Observation 6: Per TCI-state EIRP is central to support a per-TCI state PCmax formulation.
Observation 7:  Per TCI-state EIRP measurement does not present a testability issue because it is equivalent to determining per-layer power. Per-layer separation is not a new concept for FR2.
Observation 8:  The need for signaling to communicate additional constraints on UL EIRP to the network is orthogonal to whether the requirement can be defined in a per TCI-state sense or not.
Proposal 1: Send LS to RAN1 to confirm that RAN4 will establish a per-TCI state Pcmax for STxMP. 
Proposal 2: The baseline assumption for the configured Tx power requirement for STxMP shall be:
	6.2 x.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 of 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 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 of the active TCI states k indicated for [STxMP] is within the following bounds
PPowerclass + DPIBE – MAX(MAX(X, MPRf,c,k, A- MPRf,c,k) + ΔMBP,n, P-MPRf,c,k) – MAX{T(MAX(X, MPRf,c,k, A- MPRf,c,k)), T(P-MPRf,c,k } -[∆TSTxMP] ≤ PUMAX,f,c,k ≤ EIRPmax
and the corresponding measured peak EIRP for carrier f of a serving cell c, over all active TCI states indicated for [STxMP], PUMAX,f,c satisfies
PUMAX,f,c ≤ EIRPmax
while the corresponding measured total radiated power over all active TCI states indicated for [STxMP],  PTMAX,f,c is bounded by
PTMAX,f,c ≤ TRPmax
Where, 
X = 10*log10(number of UL TCI-states indicated for [STxMP]) dB is the per TCI state relaxation to comply with the PTMAX,f,c inequality above 
∆TSTxMP is a relaxation specific to STxMP operation,
PPowerclass 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, MPRf,c,k, and A-MPRf,c,k 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 
…..(other parts left out due to trivial nature of changes)
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5. 	Annex – Precursor steps to STxMP operation
The flow of information back and for the between the UE and the gNB is captured below. This graphic is for information, and to highlight why ‘per SRS resource set’ is equivalent to ‘per TCI-state’ (step with red highlight).
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1. Overall Description:
RAN4 have performed further analysis since replying to (R1-2205639) ‘LS on UE power limitation for STxMP in FR2’.   RAN4 have concluded that the configured transmitted power during STxMP shall be defined per indicated joint/UL TCI state for STxMP, i.e. it will be defined as PCmax,f,c,k  where ‘k’ is the TCI-state id.
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UE reports max port # per TCI for STxMP


UE identifies 2 TCIs for STxMP (via group reporting)


gNB configures 2 SRS resource sets for CB/NCB: 


UE associates  one TCI with one SRS resource set


gNB triggers SRS set Tx in TDM manner to figure out the TPMI per TCI 


Schedule STxMP PUSCH with 2 TCIs and corresponding TPMIs


every SRS resource in each set can have as many ports as max port # 


gNB asks for group reporting


