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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 discussions led to an LS to RAN4 in [2] regarding UE power limitation for STxMP in FR2. In the last RAN4 e-meeting #105 a new version of the LS reply in [5] was proposed without reaching a final agreement. 

We are listing below the content of the RAN1 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 on power limitation, the importance of the TCI approach for Pcmax definition, and propose answers for the LS reply to RAN1. 

2.1 OUTPUT POWER FOR MULTI-TRP FOR STXMP TARGETED DEVICES
[bookmark: _Hlk68019238]
In our opinion, current power class definitions from TS38.101-2 are clear and applicable. Along with a UL beamforming capability definition, we believe that STxMP case it is testable.

Observation 1: Current power class definitions from 38.10-2 are clear and applicable.

Moreover, the currently defined power classes consider the regulatory requirements and their feasibility,
in terms of thermal and output power capabilities. Also, the MPR has been defined against these power classes. Thus, we believe that the current power classes shall be considered further as reference for power limitation discussions on defining the new requirements for STxMP case.

Proposals 1: The current defined power classes shall be considered further as reference for any power limitation discussions while defining the new requirements for STxMP case.

2.2 PANEL DEFINITION AND TCI STATE RELATION
      
      Another question raised in the last meetings was related to the panel definition. However, the Multi Rx reception studies in their WF in [4] for the panel definition, the following assumptions are listed:

· ‘Panel’ is defined as a group of antenna element that controls beam independently and has the following attributes 
· Within a panel, one beam can be selected and used for DL reception.
· Across different panels, multiple beams (each selected per panel) may be used for DL reception.
· ‘Beam’ is assumed to mean spatial filter associated with reception.
· Confirm that a physical panel with dual polarization is assumed as two “panels”. 
In the above WF agreement, the term “beam” is associated with the “spatial filter” used for reception. This is an important assumption that makes a direct connection with the active TCI state describing the QCL properties, the RS linkage used for reception, and RRM measurements.
In our view, the discussion for STxMP output power limitations should consider the Multi-Rx discussion for consistency.
Proposal 2: Consider the Multi-Rx assumptions for panel and beam relation for further STxMP discussions.
Moreover, in 38.101-2 specification, subclause 6.2.4 the Pcmax definition has a reference point as indicated in the following text snapshot:
" The UE can configure its maximum output power. The configured UE maximum output power PCMAX,f,c for carrier f of a 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 reference point of higher-layer filtered RSRP is directly related to the pathloss estimated value that is part of the power allocation in the 38.213 physical layer specification. For example, power allocation equation for PUSCH from subclause 7.1.1 shows the pathloss   term and define its association with the reference signals (RS).
[image: ]
Where the  is a downlink pathloss estimate in dB calculated by the UE using reference signal (RS) index  for the active DL BWP, as described in clause 12, of carrier  of serving cell .
The above power allocation equations make a clear connection between downlink reference RS for RSRP measurements used for pathloss estimation, the UL power control and the active beam that is related to an active TCI state.
The TCI state description in 38.331:
TCI-State information element
-- ASN1START
-- TAG-TCI-STATE-START

TCI-State ::=                       SEQUENCE {
    tci-StateId                         TCI-StateId,
    qcl-Type1                           QCL-Info,
    qcl-Type2                           QCL-Info                                                    OPTIONAL,   -- Need R
    ...,
    [[
    additionalPCI-r17                   AdditionalPCIIndex-r17                                      OPTIONAL,   -- Need R
    pathlossReferenceRS-Id-r17          PathlossReferenceRS-Id-r17                                  OPTIONAL,   -- Cond JointTCI1
    ul-powerControl-r17                 Uplink-powerControlId-r17                                   OPTIONAL    -- Cond JointTCI
    ]]

}

QCL-Info ::=                        SEQUENCE {
    cell                                ServCellIndex                                               OPTIONAL,   -- Need R
    bwp-Id                              BWP-Id                                                      OPTIONAL, -- Cond CSI-RS-Indicated
    referenceSignal                     CHOICE {
        csi-rs                              NZP-CSI-RS-ResourceId,
        ssb                                 SSB-Index
    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}

-- TAG-TCI-STATE-STOP
-- ASN1STOP

The above TCI description shows the pathlossReferenceRS-Id, the ul-powerControl-r17 and the referenceSignal with its QCL characteristics.
The BWP-UplinkDedicated information element describes the PUCCH, PUSCH configurations where the UL-TCI list is provided along with RS identifiers and UL power control identifier.
Thus, the TCI state relation to the reference point of the measured pathloss for the UL beam power control and is an important feature. We agree with the fact that defining the maximum configured power requirements for STxMP case requires the TCI state as beam indicator as it is part and fully aligned with the power allocation equation in 38.213 specification where the measured pathloss is involved.
Observation 2: The TCI state associated with a beam definition is important for the Pcmax per beam definition as it is linked to the measured pathloss at the reference point.
While considering per beam Pcmax definition, associated with a beam related serving TCI, when it is coming to defining the Pcmax requirement for STxMP globally, the EIRP power may or may not be shared in order to respect the EIRPmax and this depends on the UE implementation and beamforming capabilities.
Observation 3: The EIRP power may or may not be shared to respect the EIRPmax and this depends on the UE implementation and beamforming capabilities.
        However, what is important in our view is how the UE uses the power and what the gNB needs to know about this UE process. While Pcmax per beam is used in power control equations, the fact the EIRP and/or TRP is shared is a matter of power headroom calculation and how it is reported. Thus, if the power headroom indicates the power sharing status when operating in STxMP mDCI mode, we believe that the system can properly perform and assess the UE power capabilities, leaving plenty of implementation freedom.
Observation 4: Signaling the UL power sharing status for STxMP mDCI case for a combination of TCI states is enough for the gNB(s) to optimally operate the scheduler(s).
Based on the last meeting LS reply in [5], we propose an updated version for RAN4 answers as suggested below.
Proposal 3: The following answers can be provided to the RAN1 questions:
	Question 1: From RAN4 perspective, is Assumption 1 is feasible?
[Answer]: Yes.
Question 2: From RAN4 perspective, is Assumption 2 is feasible?
[Answer]: Yes. 
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]: RAN4 confirm that existing UE RF requirements are framed so standards compliance implies regulation compliance (see Annex and clause 6.5x in TS38.101-2). 
For any additional limitation like the sum over all panels of the per-panel power limitation for STxMP, would be defined in RAN4 if necessary, during the WI in RAN4.
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]: Based on currently defined power classes definitions, the relationship will be defined by RAN4 within Pcmax requirement for STxMP mDCI case which is not currently developed. 

RAN4 envision to define the maximum configured power per UL associated TCI state going forward.



3. CONCLUSIONS
This contribution discussed the question freom RAN1 LS on mDCI simultaneous UL transmissions on STxMP. We made the following observations and proposals:
Observation 1: Current power class definitions from 38.10-2 are clear and applicable.

Observation 2: The TCI state associated with a beam definition is important for the Pcmax per beam definition as it is linked to the measured pathloss at the reference point.
Observation 3: The EIRP power may or may not be shared to respect the EIRPmax and this depends on the UE implementation and beamforming capabilities.
Observation 4: Signaling the UL power sharing status for STxMP mDCI case for a combination of TCI states is enough for the gNB(s) to optimally operate the scheduler(s).
Proposals 1: The current defined power classes shall be considered further as reference for any power limitation discussions while defining the new requirements for STxMP case.

Proposal 2: Re-use the Multi-Rx agreed assumption for panel and beam relation for further STxMP discussions.
Proposal 3: The following answers can be provided to the RAN1 questions:
	Question 1: From RAN4 perspective, is Assumption 1 is feasible?
[Answer]: Yes.
Question 2: From RAN4 perspective, is Assumption 2 is feasible?
[Answer]: Yes. 
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]: RAN4 confirm that existing UE RF requirements are framed so standards compliance implies regulation compliance (see Annex and clause 6.5x in TS38.101-2). 
For any additional limitation like the sum over all panels of the per-panel power limitation for STxMP, would be defined in RAN4 if necessary, during the WI in RAN4.
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]: Based on currently defined power classes definitions, the relationship will be defined by RAN4 within Pcmax requirement for STxMP mDCI case which is not currently developed. 
RAN4 envisions to define the maximum configured power per UL associated TCI state going forward.
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Annex
Power limitation: 
1. Power class: The definition of power class (e.g. TS 38.101-2 clause 6.2.1.x), which is a package composed of below requirements
a. Min peak EIRP (The lower limit of EIRP at Tx beam peak direction);
b. Max EIRP (This is derived from regulatory requirements) and Max TRP;
c. Spherical coverage (The minimum EIRP at the Nth percentile of the distribution of power measured over the full sphere around the UE).
2. Configured transmitted power: PCMAX, f, c, which is used in RAN1 spec TS 38.213 power control part, and also applied in TS 38.101-2 clause 6.2.4: “The configured UE maximum output power PCMAX, f, c for carrier f of a 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”. It is noted that PCMAX used by RAN1 power control mechanism for FR2 is considered at the virtual antenna connector which is not testable from RAN4 perspective.
3. Total power concept: In Rel-17, RAN4 had a discussion about “total power concept”, which is a maximum output power limitation for a FR2 UE from implementation perspective, but there is no conclusion and the related discussion is still ongoing in Rel-18. In general, it means the actual radiation power of a UE considering multiple implementation aspects e.g. MPE limitation and heat dissipation. In this sense, the actual TRP limitation of the UE is not identical to the max limitation, i.e. Max TRP as defined for the power class of the UE.
4. P-max: The parameter p-Max (i.e. p-UE-FR2) similar to FR1 p-UE-FR1 was introduced by RAN2 spec, which is the maximum total transmit power to be used by the UE across all serving cells in frequency range 2 (FR2) across all cell groups. However, P-max for FR2 has not been implemented in RAN4 requirements.
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