Page 1

3GPP TSG RAN WG4 #106bis-e														     R4-2304059
e-Meeting, April 17th – 26th, 2023


Agenda Item:		5.30.2.1
Source:				InterDigital Communications
[bookmark: Title]Title:						On UE RF requirements for STxMP mDCI case
[bookmark: DocumentFor]Document for:		Approval


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.  RAN4 discussions led to an LS reply to RAN1 in [2] regarding UE power limitation for STxMP in FR2. In the last RAN4 e-meeting #106, a WF [4] was agreed outlining the way forward for the STxMP RF requirements assumptions. 

We are listing below the content of the WF for convenience:

	<Way forward>: Proposed UE RF agenda from next meeting, RAN4#106-bis-e
· General and work plan
· UE RF on simultaneous transmission with multi-panel (STxMP)
· Per-panel power limitation
· Per-UE power limitation

<Topic 2: UE RF impact>
<Sub-topic 2-1> STxMP

<Agreement>: FR2 power class applicability
· Consider PC1/PC2/PC4/PC5/[PC6] only.
<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



2. DISCUSSION
In this contribution, we share our analysis on power limitation, the TCI approach for Pcmax definition, and how to handle the power limitation per panel and UE. 

2.1 OUTPUT POWER FOR STXMP TARGETED DEVICES
[bookmark: _Hlk68019238]In the WF from meeting #106, for the STxMP case in FR2, companies agreed to consider the following power classes from TS38.101-2:

Consider PC1/PC2/PC4/PC5/[PC6] only.

The above power classes are considered for the RF requirements study. It is important to mention that the proposed power classes have specific form-factors and thus they may have different antenna capabilities as shown below in Table 6.2.1.0-1 (38.101-2).
Table 6.2.1.0-1: Assumption of UE Types 
	UE Power class
	UE type

	1
	Fixed wireless access (FWA) UE

	2
	Vehicular UE

	3
	Handheld UE

	4
	High power non-handheld UE

	5
	Fixed wireless access (FWA) UE

	6
	High Speed Train Roof-Mounted UE

	7
	RedCap UE

	Note: RedCap variants of non-RedCap UEs are not precluded



Based on the agreement, a handheld UE is not part of the study (PC3).

Observation 1: The agreed list power classes exclude the handheld device (PC3).

In our understanding, the proposed form-factors may have specific antenna and RF frontend capabilities that may need to be known by the network. However, in RAN4 we agreed to make the requirements as transparent as possible and have wide options for UE implementation. 

Observation 2: RAN4 agreed to not use the panel notion in the RF requirements definition. 

2.2 PANEL DEFINITION, POWER LIMITS AND TCI STATE RELATION
      The agreed panel definition assumptions from WF in [4], are as follows:

‘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 or UL transmission.
· Across different panels, multiple beams (each selected per panel) may be used for DL reception or UL transmission 
· ‘Beam’ is assumed to mean spatial filter associated with transmission or reception

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 RS QCL properties, the RS linkage used for reception, and RRM measurements.

[bookmark: _Hlk131511524]In 38.101-2 specification, subclause 6.2.4, the Pcmax definition has a reference point for pathloss estimation that is related to the one indicated in the PUSCH power allocation equation (:

[image: ]

where the  is a downlink pathloss estimate in dB calculated by the UE using reference signal (RS) index  for the active DL BWP, of carrier  of serving cell 

On the other hand, the TCI as in the RRC structure, contains 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 is an important feature to note. 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 3: 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.

Proposal 1: Define Pcmax per TCI state for an UL beam for the STxMP case.

Assuming per beam, i.e., TCI-based Pcmax definition, in defining the Pcmax requirement for STxMP, to respect the EIRPmax requirements, the EIRP power may or may not be shared across the panels. Clearly, this would be resulted from UE implementation and beamforming capabilities. Figure 1 shows two exemplary scenarios, wherein,




Fig. 1 Scenario a)											Fig. 1 Scenario b)

· Scenario a):  There are two UL beams served by two panels, where the angle of departure (AoD) is sufficiently wide to consider two separated beams with their own EIRPmax limit (per panel). In this case, each UL beam may have its own EIRPmax limit with the corresponding MPR reductions and so on.
· Scenario b): There are two beams served by two panels, but the angle of departure (AoD) is small enough to consider that the two separated beams may have their sum of EIRP powers smaller than EIRPmax. We can see that in this scenario, the EIRP power may have to be shared against the EIRPmax. Also, the TRPmax per UE may be the additional per UE limit.

Thus, the limit per panel may be considered as EIRPmax. However, in certain circumstances the sum of EIRP per beam may be capped by EIRPmax, (Scenario b), in other cases just by TRPmax per UE and EIRPmax per beam (Scenario a).

Observation 4: The EIRP power may or may not be shared to respect the EIRPmax and this depends on the UE implementation, beamforming capabilities and the active UL TCI combination for STxMP.

To conclude, if there is a limit to be considered per panel (or serving TCI), this should be EIRPmax in terms of UL beam power capability. Further, as observed from the Scenario a) and b) examples, the STxMP shall comply with TRPmax in any case.

Proposal 2: Consider EIRPmax as the power limit per panel/serving TCI.

Proposal 3: Consider TRPmax as the power limit per UE.

Based on the UE capabilities there are cases where EIRPmax may have to be shared between the UL serving TCIs, the UL power control may have to manage the individual UL beam powers against this limit. In other cases, this beams power may act in a disjoint manner and thus only TRPmax per UE may be relevant.

For testing requirement’s purpose, this power sharing/non-sharing status must be known eventually, so the appropriate power limits with the correct side conditions are tested. But this information is crucial for the scheduler (intra-cell multi-TRP) or schedulers (mDCI inter-cell multi-TRP case) as well.

In our opinion, it is important that the gNB(s) knows about the UE power sharing/non-sharing status. 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 5: Signaling the UL power sharing status for STxMP mDCI case for a combination of TCI states is required for gNB(s) optimal scheduler(s) operation.

Moreover, if a new UL TCI is activated and an old one is de-activated, the power sharing status may change, and this new situation may need to be signaled as well to the network for scheduling purposes.

Observation 6: Signaling the UL power sharing status for STxMP mDCI case when the combination of serving(active) UL TCI states changes is required for gNB(s) scheduling(s) purposes.

Proposal 4: Send an LS to RAN2 and inform about the power-sharing for active TCI combination signaling for STxMP capable UEs.

The Pcmax for each UL beam is evaluated at each slot when UL grants is/are scheduled. Therefore, the Pcmax requirement for STxMP may have to consider sharing or non-sharing power status according to the active serving TCI combination.

Proposal 5: We propose the following text for the Pcmax definition changes that are specific to STxMP capability,

	[bookmark: _Toc21340781][bookmark: _Toc29805228][bookmark: _Toc36456437][bookmark: _Toc36469535][bookmark: _Toc37253944][bookmark: _Toc37322801][bookmark: _Toc37324207][bookmark: _Toc45889730][bookmark: _Toc52196385][bookmark: _Toc52197365][bookmark: _Toc53173088][bookmark: _Toc53173457][bookmark: _Toc61119452][bookmark: _Toc61119834][bookmark: _Toc67925884][bookmark: _Toc75273522][bookmark: _Toc76510422][bookmark: _Toc83129576][bookmark: _Toc90591109][bookmark: _Toc98864136][bookmark: _Toc99733385][bookmark: _Toc106577279][bookmark: _Toc114537030][bookmark: _Toc115257298][bookmark: _Toc123086617][bookmark: _Toc124295941][bookmark: _Toc124296411]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 is within the following bounds
[bookmark: _Hlk36570999]PPowerclass + DPIBE – MAX(MAX(MPRf,c,k, A- MPRf,c,k,) + 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
When the UE power sharing of the active TCI combination states is True, the corresponding measured peak EIRP for carrier f of a serving cell c, over all active TCI states configured for [STxMP], PUMAX,f,c satisfies
PUMAX,f,c ≤ EIRPmax
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: The agreed list power classes exclude the handheld device (PC3).

Observation 2: RAN4 agreed to not use the panel notion in the RF requirements definition. 

Observation 3: 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 4: The EIRP power may or may not be shared to respect the EIRPmax and this depends on the UE implementation, beamforming capabilities and the active UL TCI combination for STxMP.

Observation 5: Signaling the UL power sharing status for STxMP mDCI case for a combination of TCI states is required for gNB(s) optimal scheduler(s) operation.

Observation 6: Signaling the UL power sharing status for STxMP mDCI case when the combination of serving(active) UL TCI states changes is required for gNB(s) scheduling(s) purposes.

Proposal 1: Define Pcmax per TCI state for an UL beam for the STxMP case.

Proposal 2: Consider EIRPmax as the power limit per panel/serving TCI.

Proposal 3: Consider TRPmax as the power limit per UE.

Proposal 4: Send an LS to RAN2 and inform about the power-sharing for active TCI combination signaling for STxMP capable UEs.

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 is within the following bounds
PPowerclass + DPIBE – MAX(MAX(MPRf,c,k, A- MPRf,c,k,) + 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
When the UE power sharing of the active TCI combination states is True, the corresponding measured peak EIRP for carrier f of a serving cell c, over all active TCI states configured for [STxMP], PUMAX,f,c satisfies
PUMAX,f,c ≤ EIRPmax
while tThe corresponding measured total radiated power PTMAX,f,c is always bounded by
PTMAX,f,c ≤ TRPmax
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