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Introduction
In RAN4#106bis-e, the RF requirements of NR MIMO evolution was discussed. An WF has been agreed in [1] in which some key issues under discussions are listed. A LS containing further agreements of UE power limitation related issues for STxMP was also approved in [2]. The overall discussion was documented in the topic summary [3].
In this paper, further analysis was provided for the requirements for STxMP in FR2. Some new proposals are provided regarding how to define the maximum output power related requirements for STxMP.
Discussion
[bookmark: _GoBack]Per-TCI State/Per-beam Pcmax is needed
Up till now, the main revision proposals on expanding the maximum output power concept is focused on configured transmitted power part. There was proposals in [5] in of defining PCMAX,f,c,k for as a per TCI-state Pcmax.
Although there is basically no way to verify the conductive performance for FR2, this PCMAX,f,c is theoretically like a conductive concept as defined in 38.101-2:
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]
A reference of 38.215 clause 5.1.1 is also copied below:
For frequency range 2, SS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.
From this description, the RSRP measurement is after the antenna elements at receiver side, make the Pcmax basically like a conductive concept that do not consider antenna performance yet. This character makes this concept can be actually “configured” from UE perspective, and do not have to really consider antenna performance. Then this is quite suitable for physical layer specification as a “configured power” and as a bridge to RF specification. This is what RAN1 had already done for a long time, e.g in TS 38.213 clause 7.1.1:
[image: ] [dBm]
Observation 1: Pcmax is suitable for physical layer specification as a “configured power” and as a bridge to RF specification.
Currently, with the introduction of STxMP, the power control can be expanded to more dimensions, that multi panels could be transmitted simultaneously. The configured power is a very basic concept that need to be used by physical layer specification, thus RAN4 definition is also needed. 
Proposal 1: Introduce per-beam/per-TCI state concept for configured UE maximum output power Pcmax. E.g. PCMAX,f,c,k.

Total EIRP clarification and restriction
The total EIRP for multi-beam case was discussed in [4] and had an agreement and sent to RAN1 in the outgoing LS [2] as following:
The total EIRP in any one direction refers to the aggregated EIRP of all beams over all panels in that direction.

The total EIRP over all panels cannot exceed the existing EIRP limitation. 
Since the regulatory requirements would obviously mandate the whole effect of multiple beams, this total EIRP concept is quite consistent with what regulatory requirements requires. Thus, this also is proposed to be clarified in the maximum output power requirements.
Observation 2: The total measured EIRP is needed and corresponding to regulatory requirements.
Proposal 2: Clarify the total EIRP for STxMP for maximum output power requirements.

Per-TCI State/Per-beam Pumax not necessarily needed
For FR2, since all the verification is OTA based, the basic conductive Pcmax is actually not specified and verified. The definition really has a range of requirements is measured peak EIRP Pumax, which is corresponding to Pcmax through an unspecified mapping of implementation as following:
[bookmark: _Hlk36570999]PPowerclass + PIBE – 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
Actually, the EIRPmax is from regulatory requirements and is actually a per-UE/per-band concept. This means that for multi-beam transmission in STxMP, the total EIRP over all panels not exceeding existing EIRP limitation would make sure the regulatory requirement can be used. From this point, there is no mandatory new requirements for per-TCI state/per-beam Pumax, at least from regulatory side.
Based on this analysis, the actual need for setting up upper limit for measured per-TCI State/Per-beam EIRP (Pumax) is not that clear. 
Observation 3: There is no regulatory need for per-TCI state/per-beam measured peak EIRP as long as total EIRP is ensured for STxMP, and the actual need for measured per-TCI State/Per-beam peak EIRP is not clear.
In addition, as discussed in previous meeting [4], currently it seems that there is no good way to differentiate the power from multiple beams in case of overlapping. This would make the measurement of power of a certain beam quite challenging. Although theoretically different beams can be differentiated by DMRS, this would require the TE to actually finish demodulation of different beams, which seems not consistent with many typical TE implementations.
Furthermore, there are also many other issues for per-TCI state/ per-beam peak EIRP such as the complexity of considering multiple combination of different TCI state in [4][6]. By not defining this parameter explicitly, all these complex issues would also not exist.
Observation 4: There are many feasibility/complexity issues in per-TCI State/Per-beam measured EIRP Pumax verification.  E.g. Differentiating overlapping beams require demodulation of DMRS and may not be consistent with current TE implementation, and the considerable number of TCI-states may also bring complexity.


Based on the previous three observations, we propose to not define per-TCI state/per-beam measured peak EIRP.
Proposal 3: Do not introduce per-beam/per-TCI state measured peak EIRP Pumax concept and/or verification.

Draft Text Proposals:
Based on the previous discussions, one draft Text Proposal is provided below and also in the Annex.
Proposal 4: One text proposal for 38.101-2 is provided:
6.2X.4	Configured transmitted power for STxMP
The UE can configure its maximum output power for each UL beam corresponding to a TCI state k. 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 total EIRP PUMAX,f,c for carrier f of a serving cell c over all active TCI states is within the following bounds, in which the measured peak total EIRP refers to the aggregated EIRP of all beams in peak direction
PPowerclass + PIBE – 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 for carrier f of a serving cell c over all active TCI states is bounded by
PTMAX,f,c ≤ TRPmax
…
[bookmark: _Toc21340758][bookmark: _Toc29805205][bookmark: _Toc36456414][bookmark: _Toc36469512][bookmark: _Toc37253921][bookmark: _Toc37322778][bookmark: _Toc37324184][bookmark: _Toc45889707][bookmark: _Toc52196362][bookmark: _Toc52197342][bookmark: _Toc53173065][bookmark: _Toc53173434][bookmark: _Toc61119423][bookmark: _Toc61119805][bookmark: _Toc67925851][bookmark: _Toc75273489][bookmark: _Toc76510389][bookmark: _Toc83129542][bookmark: _Toc90591075][bookmark: _Toc98864097][bookmark: _Toc99733346]6.2.1	UE maximum output power
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NOTE:	Power classes are specified based on the assumption of certain UE types with specific device architectures. The UE types can be found in Table 6.2.1.0-1.
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



Power class 3 is default power class.
For STxMP, the EIRP defined in the following clauses refer to total EIRP which is the aggregated EIRP of all beams in one direction. 

Conclusion
In this paper, further analysis was provided for the requirements for STxMP in FR2. The following observation and proposals are provided:
Observation 1: Pcmax is suitable for physical layer specification as a “configured power” and as a bridge to RF specification.
Proposal 1: Introduce per-beam/per-TCI state concept for configured UE maximum output power Pcmax. E.g. PCMAX,f,c,k.
Observation 2: The total measured EIRP is needed and corresponding to regulatory requirements.
Proposal 2: Clarify the total EIRP for STxMP for maximum output power requirements.
Observation 3: There is no regulatory need for per-TCI state/per-beam measured peak EIRP as long as total EIRP is ensured for STxMP, and the actual need for measured per-TCI State/Per-beam peak EIRP is not clear.
Observation 4: There are many feasibility/complexity issues in per-TCI State/Per-beam measured EIRP Pumax verification.  E.g. Differentiating overlapping beams require demodulation of DMRS and may not be consistent with current TE implementation, and the considerable number of TCI-states may also bring complexity.
Proposal 3: Do not introduce per-beam/per-TCI state measured peak EIRP Pumax concept and/or verification.
Proposal 4: One text proposal for 38.101-2 is provided:
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Annex Draft Text Proposal for 38.101-2
6.2X.4	Configured transmitted power for STxMP
The UE can configure its maximum output power for each UL beam corresponding to a TCI state k. 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 total EIRP PUMAX,f,c for carrier f of a serving cell c over all active TCI states is within the following bounds, in which the measured peak total EIRP refers to the aggregated EIRP of all beams in peak direction
PPowerclass + PIBE – 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 for carrier f of a serving cell c over all active TCI states is bounded by
PTMAX,f,c ≤ TRPmax
…<Next Changed Section>…
6.2.1	UE maximum output power
6.2.1.0	General
NOTE:	Power classes are specified based on the assumption of certain UE types with specific device architectures. The UE types can be found in Table 6.2.1.0-1.
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



Power class 3 is default power class.
For STxMP, the EIRP defined in the following clauses refer to total EIRP which is the aggregated EIRP of all beams in one direction. 
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