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Introduction
At its first meeting of Rel-18 MIMO evolution WI, RAN4 discussed the overall impact on UE RF requirements. Based on the identified impact, an initial workplan and a WF to capture the agreements and options were approved as follows:
	<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



As RAN4 has identified, STxMP would be the most important topic for UE RF discussion that RAN4 needs to discuss and specify the corresponding requirements in Rel-18 if necessary. This summary also focuses on STxMP given the input contributions. Moderator has tried to capture most relevant proposals and observations of all companies provided to this meeting. Companies are encouraged to provide their view on each topic as early as possible.
Topic #1: STxMP
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2304059
	InterDigital
	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 (See Sub-topic 1-2)

	R4-2304128
	Apple
	Proposal 1: For STxMP, the existing per-UE Max EIRP should be reused. 
Proposal 2: For STxMP, the existing per-UE Max TRP can be reused or increased, subject to further investigation of implementation and coexistence analysis.
Proposal 3: For STxMP, the existing per-UE Min Peak EIRP can be reused or modified, subject to further investigation of implementation.
Proposal 4: For STxMP, it is preferred not to specify new spherical coverage requirement due to time and complexity consideration.
Proposal 5: For MPE compliance, further discussion is needed to investigate typical use case of each device type.
Proposal 6: It is preferred to wait for further updates from RAN1 before RAN4 discusses how to specify per-TCI state power limit.

	R4-2304478
	Nokia, Nokia Shanghai Bell
	Observation 1: UE antenna architectures may have both overlapping and non-overlapping spherical coverages of the antenna panels.
Observation 2: In the case of overlapping spherical coverages of UE antenna panels, the total power transmitted in the overlapping spherical coverage needs to be controlled.
Proposal 1: RAN4 to specify UE RF requirement for STxMP operating UEs not violating the maximum radiated power regulatory limits.

	R4-2304479
	Nokia, Nokia Shanghai Bell
	Observation 1: The EIRP relaxations are used in UL CA requirements (on two different CC for inter-band UL CA) in the consideration of the UE spherical coverage and the performance of UE in TS 38.101-2. Similar studies are also needed for multi-panels, multi streams UE design for the same CC, or different CC use cases in FR2.  
Proposal 1: If the UE RF architecture scope is limited to a scenario where the two active Tx chains are associated with two different panels (i.e. two independent antenna modules), then no relaxations should be introduced for Rel-18 UL MIMO operations. 

	R4-2304600
	Qualcomm
	Proposal 1: RAN4 to adopt below as the working assumption for configured Tx power for STxMP (See Sub-topic 1-2)
Proposal 2: RAN4 to confirm to RAN1:
1. The total EIRP over all TCI states cannot exceed the existing EIRP limitation.
2. The total TRP over all TCI states cannot exceed the existing TRP limitation.
3. The sum of per-panel (per TCI-state) EIRP upper limits for STxMP can be greater than the existing EIRP upper limit.
4. No explicit per TCI-state or ‘per-panel’ TRP limit is necessary.

	R4-2305014
	Samsung
	Observation 1:	Either of per-panel or per-UE based power control solution is still applicable to STxMP given the RAN1 discussion.
Observation 2:	From RAN4’s perspective, it should be considered defining the power control related requirements such as per-panel based configured output power first. The necessary requirements to be captured in the lower bounds can follow at later stage if required.
Observation 3:	The configured transmitted power requirement per-TCI state for STxMP would be one of straight forward solutions, but also require further discussion to improve it, e.g., TCI state ‘k’, as pointed out above.
Proposal 1:	RAN4 should discuss the configured power for STxMP to make clear the two-panel transmission, e.g., (k=0, 1), by considering ongoing related discussion in RAN1.
Observation 4:	RAN4 can focus on defining the configured output power for STxMP first if it could be a common understanding of the group for Rel-18.
Observation 5:	It is also feasible for STxMP to keep the legacy UE RF requirements as long as the total power of the active panels can be kept as the current single panel transmission.
Observation 6:	Total power concept for the dual transmission was not preferred looking back on the previous RAN4 discussions.
Observation 7:	RAN4 has multiple options to define the UE RF requirement for STxMP
Observation 8:	RAN4 has to take into account both performance benefits and workload aspects during the WI discussion in Rel-18.

	R4-2305087
	Vivo
	Observation: Currently it seems that there is no good way to differentiate the power from multiple beams.
Proposal 1: Discuss whether and how to differentiate the per-beam power for different TCI-state in case of simultaneous transmission.
Proposal 2: Discuss whether and how to verify the MPR requirements in the per-TCI state power limitation.
Proposal 3: Further discuss the validity of per-TCI state peak EIRP, since currently the general understanding is still that only one peak direction is valid/testable for a UE.
Proposal 4: Further discuss whether and how to consider joint requirements of multiple Tci-state requirement simultaneously.
Proposal 5: Further study the impact on other requirements in case of STxMP, such as beam correspondence and the spherical coverage.
Proposal 6: Further discuss tentative "per UE" EIRP concept, e.g. as the sum of the EIRP of all respective beams in a certain direction, which might be the only testable EIRP for STxMP compared to “per TCI state”.

	R4-2305600
	Huawei, HiSilicon
	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.  

	R4-2305836
	Ericsson
	Proposal 1: To have the smallest possible impact on the power control equations defined in RAN1, it is important that a plane of reference for a ‘Per-TCI state’ configured maximum output power is the same as the plane of reference of anything which is measured in the DL for each TCI state.
Proposal 2: To specify ‘per-UE’ power limitation for STxMP, the legacy requirements should be reused.



Open issues summary
Sub-topic 1-1: UE architecture
Sub-topic description: 
One company proposes to discuss and establish a common view about possible UE hardware architectures for the study of STxMP operation (R4-2305600). Following UE architectures are shared:
· Architecture #1 (independent AIP, FE and IF)
[image: ]
· Architecture #2 (independent AIP and FE)
[image: ]
· Architecture #3 (independent AIP)
[image: ]
Open issues and candidate options before meeting:
Issue 1-1: RAN4 should establish a common view about possible UE hardware architectures for the study of STxMP operation.
· Proposals
· Option 1: Agreeable (Huawei)
· Option 2: Others
· Recommended WF
· Collect companies’ views

Issue 1-2: UE architecture assumption for STxMP discussion in RAN4.
· Proposals
· Option 1: Architecture #1 (Huawei)
· Option 2: Architecture #2 (Huawei)
· Option 3: Architecture #3
· Option 4: Others
· Recommended WF
· Collect companies’ views

Sub-topic 1-2: UE RF requirements per-UE
Sub-topic description: 
In the last WF, there is a question whether to specify new requirements for STxMP ‘per-UE’ based. It is highly recommended to have the common understanding on the method to specify ‘per-UE’ power limitation in case RAN4 adopts not to introduce ‘per-panel’ based new power limitation.
Open issues and candidate options before meeting:
Issue 2-1: Method to specify ‘per-UE’ power limitation 
· Proposals
· Option 1: Reuse legacy requirement for STxMP
· Option 2: Further discuss "per UE" EIRP concept considering testability, e.g. as the sum of the EIRP of all respective beams in a certain direction.
· Option 3: Others
· Recommended WF
· Option 1 (majority view)

Sub-topic 1-3: Configured power per panel (TCI state)
Sub-topic description:
Two companies proposes changes for the configured power per TCI state for STxMP in detail (R4-2304059, R4-2304600) as follows:
· InterDigital (R4-2304059):
[image: ]
Qualcomm (R4-2304600):
[image: ]
Open issues and candidate options before meeting:
Issue 3-1: Relaxation factor for STxMP
· Proposals
· Option 1: Required for implementation diversity (Qualcomm)
· Option 2: No relaxations should be introduced for Rel-18 UL MIMO operations. (Nokia)
· Option 3: Others
· Recommended WF
· Collect companies’ views

Issue 3-2: Enhanced options for ‘per-TCI sate’ configured power
· Proposals
· Option 1: New signalling for power-sharing for active TCI combination (InterDigital)
· Option 2: Limit the number of state ‘k’ to two pairs/groups based on RAN1 discussion (Samsung)
· Option 3: Further discuss how to differentiate the per-beam power for different TCI-state (vivo)
· Option 4: Others
· Recommended WF
· Collect companies’ views

Issue 3-3: A plane of reference for a ‘Per-TCI state’ configured maximum output power is the same as the plane of reference of anything which is measured in the DL for each TCI state.
· Proposals
· Option 1: Agreeable (Ericsson)
· Option 2: Others
· Recommended WF
· Option 1 (general comment)

Issue 3-4: Whether to confirm defining ‘per-TCI state’ configured power for STxMP Pcmax
· Proposals
· Option 1: Confirm ‘per-TCI state’ configured power for STxMP (InterDigital, Qualcomm)
· Option 2: Wait for further updates from RAN1 before specifying the ‘per-TCI state’ (Apple, Samsung)
· Option 3: More clarification is needed before adopting ‘per-TCI state’ (Huawei, vivo)
· Option 4: Others
· Recommended WF
· Collect companies’ views

Sub-topic 1-4: UE RF requirements per panel (TCI state)
Sub-topic description 
This sub-topic focuses on the UE radiated power related requirements in FR2 based on the contributions. Moderator encourages companies to provide the view on each requirement for common understanding of future discussion.
Open issues and candidate options before meeting:
Issue 4-1: Whether to specify new RF requirements for STxMP in Rel-18
· Proposals
· Option 1: Focus on the configured output power while reusing legacy requirements as much as possible. New ‘per-panel’ RF requirements can follow at later stage if required. (Samsung)
· Option 2: Postpone the study on how to define new RF requirement(s) for STxMP operation to Rel-19. (Huawei)
· Option 3: Other RF requirements can be further discussed
· Option 4: Others
· Recommended WF
· Collect companies’ views

Issue 4-2: Max EIRP (EIRPmax) 
· Proposals
· Option 1: Reuse legacy requirement
· Option 2: Others
· Recommended WF
· Option 1 

Issue 4-3: Max TRP (TRPmax)
· Proposals
· Option 1: Reuse legacy requirement
· Option 2: Others
· Recommended WF
· Option 1 

Issue 4-4: Peak EIRP (PPowerclass)
· Proposals
· Option 1: Reuse legacy requirement for STxMP per panel.
· Option 2: Further discuss the validity of per-TCI state peak EIRP, since currently the general understanding is still that only one peak direction is valid/testable for a UE. (vivo)
· Option 3: Others
· Recommended WF
· Collect companies’ views

Issue 4-5: MPR (MPRf,c,k)
· Proposals
· Option 1: Reuse legacy requirement for STxMP per panel.
· Option 2: Discuss whether and how to verify the MPR requirements in the per-TCI state power limitation. (vivo)
· Option 3: Others
· Recommended WF
· Collect companies’ views

Issue 4-6: Other ‘per-panel’ requirements
· Proposals
· Option 1: Reuse legacy requirements for STxMP.
· Option 12: Further study the impact on other requirements in case of STxMP, such as beam correspondence and the spherical coverage. (vivo)
· Option 23: Others
· Recommended WF
· Collect companies’ views

Issue 4-7: Joint requirements of multiple TCI-state
· Proposals
· Option 1: Further discuss whether and how to consider joint requirements of multiple TCI-state requirement simultaneously. (vivo)
· Option 2: Others
· Recommended WF
· Collect companies’ views

Issue 4-8: MPE considerations
· Proposals
· Option 1: For MPE compliance, further discussion is needed to investigate typical use case of each device type. (Apple)
· Option 2: Others
· Recommended WF
· Option 1 (general comment)

Sub-topic 1-5: Additional LS to RAN1 on Q3 and Q4
Sub-topic description 
One company suggests to send RAN1 the missed answer to “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?” in Q3 and Q4 (R4-2304600).
Open issues and candidate options before meeting:
Issue 5-1: Is it agreeable to send RAN1 following answers?
· Proposals
· The total EIRP over all panels (over all TCI states) cannot exceed the existing EIRP limitation.
· The total TRP over all panels (over all TCI states) cannot exceed the existing TRP limitation.
· The sum of per-panel (per TCI-state) EIRP upper limits for STxMP can be greater than the existing EIRP upper limit.
· No explicit per TCI-state or ‘per-panel’ TRP limit is necessary.
· Recommended WF
· Send the LS based on sub-topic 1-2 and/or 1-3

Companies views’ collection for 1st round 
Open issues 
Sub topic 1-1 
Issue 1-1: RAN4 should establish a common view about possible UE hardware architectures for the study of STxMP operation.
	Company
	Comments

	vivo
	Option 1 can be considered, since a common view may be helpful.

	Qualcomm
	Option 1: In general this effort depends on the scope of the work. It might be useful to establish common understanding if RAN4 decide to pursue a full suite of UE RF requirements for this feature.

	Samsung
	Having the common understanding of UE architecture can be useful. However, as everyone knows, it’s not a must from RAN4 spec perspective, and I guess RAN1 has considered it when they are discussing the target feature. 

	Nokia
	We support option 1 to establish a common view on architectures. In our opinion, it seems that Architecture 1 & 2 have the risk of overlap area beyond the power limit in case two panels are positioned side-by-side and operating at maximum power. Furthermore, Architecture 3 is not flexible in terms of power controla and data streams since two panels share the same PA and same DAC. Nevertheless this architecture presents no risk that the overall output power goes beyond the power limit.


	InterDigital
	In our opinion, a common unde4rstanding would be useful. But RAN4 shall aim to define requirements with minimum implementation dependencies.

	Ericsson
	The list of different architectures is useful. Architecture #1/2 seems to allow the most general locations of the antenna packages on the device; regulatory requirements must always be met for any AIP arrangement and radiation property.

	Huawei
	Option 1.

	Xiaomi
	Option 1, the common understanding for the architectures are needed to well define the power limitation.

	Apple
	Option 1 is OK. It is good to understand if there is any implementation constraints that should be considered for defining requirements.



Issue 1-2: UE architecture assumption for STxMP discussion in RAN4.
	Company
	Comments

	vivo
	Option 1 & Option 2 seems ok.

	Qualcomm
	Option 4: Postpone until necessary. Depends on scope of work. 

	Samsung
	We are OK to consider Option 1 and 2 for deriving requirements for STxMP.

	Nokia 
	We support option 1 and option 2 as Architecture 1 and 2 are likely to be implemented in the PC1 and PC2 UEs due to higher degree of flexibility of per panel power control and data streams.

	InterDigital
	Option 4: Postpone until necessary. Depends on scope of work. (same as Qualcomm)

	Ericsson
	Option 4: all three should be considered even if laborious; regulatory requirements must always be met for any AIP arrangement and radiation property.

	Huawei
	Just share our observation:
Architecture #3 is not capable of so called “per-panel power control”, while architecture #2 may require other type of relaxation between two Tx chain (different format from the one under discussion in Issue 3-1) to fulfill “per-panel power control”. 

	Xiaomi
	Prefer to Option 1 and Option 2.

	Apple
	We also prefer Option 4 to allow companies to consider various architectures.


 
Sub topic 1-2 
Issue 2-1: Method to specify ‘per-UE’ power limitation 
	Company
	Comments

	vivo
	Would like to further discuss this issue.
Reuse legacy requirement is always attractive for an additional requirement. However, the legacy requirement is based on single panel transmission. Even if the values of “legacy requirement” may be considered as starting point, we have to consider how to ensure and have this number in case of STxMP, since there is no way to differentiate the power of the two beams one they are overlapping. 
In the case of multiple beams overlapping, there are already arguments from other companies that some kind of “sharing” may need to be considered. In fact, the option 2 here that “the sum of the EIRP of all respective beams in a certain direction” is a try to have a metric that may be used to judge the overlapping effect of multiple beams, and this value may even be used for what option 1 wants (to reuse a legacy requirement for STxMP).
We tend to further discuss this in the issue 4-2 below.

	Qualcomm 
	For max TRP and max EIRP, the same assumptions as single band can be adopted. If Japan, Korea or other regulators do not have a TRP limit, we can remove it from this list and further decouple the transmission associated with each TCI state.


	Samsung
	In term of the ‘per-UE’ power limitation (upper limit), RAN4 currently has no other requirement than Max EIRP and Max TRP which are based on regulatory requirements unfortunately. Those are also considered for the upper bound of determining the configured output power. So, unless RAN4 defines new upper limit requirements for STxMP, in our understanding, the legacy requirements should be reused. However, we agree that RAN4 has to have a common understanding of what we are going to define between per-UE and per-panel, and consider how to handle the overlap issue.

	Nokia
	1. We need to clarify whether the requirement is max TRP or max EIPR or both
2. We can agree to reuse the legacy requirement for max TRP and max EIRP. However, we need to carefully address the situation in the max EIRP requirement that when two panel transmit to the same direction, in the overlapping area of two beams we need to ensure the sum of power do not exceed the max EIRP limitation.

	InterDigital
	These are regulatory limits. So, these are max TRP and max EIRP.

	Ericsson
	Option 3. The regulatory requirement is a PFD limit that should be met regardless of UE architecture. This motivates an EIRP limit but applicable in all “directions” (as measured and averaged in the regulatory test) regardless of simultaneous transmissions “per UE”. 
Option 2 is possibly an upper bound of the total EIRP for overlapping beams.
TRP is also a regulatory limit in some regions but for NR derived to ensure a specific directivity of the UE (at the time when the peak EIRP for PC3 exceeded 30 dBm). However, for control of the total power the TRP appears feasible since related to the input power of the AIP and possibly also the Pcmax,f,c (input to the antenna arrangement).

	Huawei
	Regulatory 

	Xiaomi
	Prefer to reuse the legacy requirement for max TRP and max EIRP.

	Apple
	Both option 1 and option 2 can be considered. In particular, does RAN4 agree to focus on max EIRP and max TRP only? How about min peak EIRP and spherical coverage? We probably need to consider the purpose of RAN4 work, to just reply to RAN1 and consider all the relevant power aspects with an aim to specify the requirements in RAN4?



Sub topic 1-3 
Issue 3-1: Relaxation factor for STxMP
	Company
	Comments

	vivo
	Option 1 seems reasonable and flexible in current stage. For option 2, we are still having some doubt on the relationship between UL MIMO operation and STxMP.

	Qualcomm
	Option 1 is proposed to allow for future relaxations if agreed. Here it is a placeholder to complete the configured power requirement.

	Samsung
	As we shared during the GTW, we believe this potential term fully depends on how to organize the UE RF requirements for STxMP in the future. For example, if we consider the some relaxation factor to handle such as overlapped beam due to small AoD, then it can be there. So, we prefer to add the term in the bracket for the time being.

	Nokia
	Firstly, we want to clarify that this option2 is intended for min peak EIPR, not max TRP and max EIRP. This option may need to be moved to another place.
Secondly, regarding the wording for text proposals for max TRP and max EIRP it is still too early to decide how to make the changes. We need to have solid conclusions first.

	InterDigital
	Option 1: We can add it in brackets(same as Samsung), as it may serve for different purposes in the future.

	Ericsson
	We propose that the power control concepts are agreed first before discussing relaxations.

	Huawei
	Similar suggestion as Ericsson, and such placeholder could have different format depending on the outcome of Issue 1-1.

	Xiaomi
	Option 1

	Apple
	Option 1 as a placeholder is reasonable.



Issue 3-2: Enhanced options for ‘per-TCI sate’ configured power
	Company
	Comments

	vivo
	Those options are not mutually exclusive to each other, and some of the views are listed below:
Option 1: Not support. Too early to consider in current stage, and the discussion seems more suitable to be discussed in RAN1 topic rather RAN4.
Option 2: In principle support. The complexity related to the large number of “k” and even more number for the possible combinations is definitely a problem and is also mentioned in our paper. The detailed solution would need further discussion.
Option 3: Support as proponent. The problem is that one two beams are overlapping, there is basically no way to differentiate the power of each beam in the verification, thus setting requirement for individual beam (TCI-state) may be problematic since not testable.

	Qualcomm
	Option 1: Not opposed to new signaling but the concept needs to be weighed against existing signaling mechanisms: we would like clarity on what aspect of this information is not already available from PHR reports, which includes per-TCI state PCmax reports? We have other questions also, but they are of less importance compared to above.
Option 2: If it is limited in RAN1, we can refer to it in RAN4. In our opinion, the network indicated pair of TCI states for STxMP would draw from only pairs that a UE would group-report, so the UE can manage how many options it needs to maintain.
Option 3: Per-TCI-state differentiation is not needed for configured power at least as proposed by Qualcomm. For other RF requirements, further discussion is necessary. It may require 4L Rx capability at the TE.

	Samsung
	We think all the options here are linked together in term of handling such as ‘how to differentiate the beam in the dual transmission for different TCI-state’. Our proposal Option 2 is one of them which is to utilize supported DL beam reporting for STxMP that is now under discussion in RAN1. We also echo the issue raised in Option 3 on testability, we can have further discussions in Sub-topic 1-4 for each UE RF requirement while checking if the power of each panel can be distinguished by different layer by a TE.

	Nokia 
	 We support option 3: discuss further per-beam power.

	InterDigital
	Option 1: We support it. We believe is needed and will resolve many problems in terms of overlapping vs. non-overlapping beams. To answer Qualcomm, the PHR report for an STxMP UL transmission does not say currently anything about the Pcmax derivation for two beams (overlapping or not). So, this spatial property from the UE side is unknown by the gNB scheduler.
Option 2: I guess, for Rel-18 it’s true.
Option 3: We can discuss further, but we need to see where is the problem with this.

	Ericsson
	Option 3 and Option 2 appear good starting points.

	Huawei
	Option 4. For the issue raised by Option 2, we wonder RAN4 should refer to RAN1 specification to what extend especially the related RAN1 discussion is still on-going? I am not RAN1 expert but so far as I know SRI can be used to distinguish different beams. 

	Xiaomi
	In last meeting, RAN 4 has replied to RAN1 that per UE and per panel for the power control are both possible, but how to do the power control for STxMP depends on RAN1, if RAN1 decided to do power control per UE,  I think power-shareing for active TCI combination.

	Apple
	Prefer to further discuss all the options before making an agreement.



Issue 3-3: A plane of reference for a ‘Per-TCI state’ configured maximum output power is the same as the plane of reference of anything which is measured in the DL for each TCI state.
	Company
	Comments

	vivo
	Seems ok, though still not quite clear.

	Qualcomm
	Agree, the Qualcomm proposal intends this also:
" The configured UE maximum output power PCMAX,f,c,k for TCI state k of carrier f 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 as specified in TS 38.215 [11].”
Perhaps wording could be improved to clarify that the RSRP pertains to the TCI state ‘k’. 

	Nokia
	The wording of option 1 should be more precise where the DL measured signals are reference signals, i.e. “A plane of reference for a ‘Per-TCI state’ configured maximum output power is the same as the plane of reference of reference signals which is measured in the DL for each TCI state.” This is important to not prevent separate TCI framework operation where UL TCI states still have DL reference signals. DL reference signals are related to path loss estimation and timing.


	InterDigital.
	Agree, our proposal intends this as well. We are making a direct connection with the reference point and transmitter branch.

	Ericsson
	Option 1 (with clarification of “anything which is measured in the DL for each TCI state”), similar to the existing configured power and power control for a serving cell.

	Huawei
	Suggest to discuss whether to introduce per-TCI state first.

	Xiaomi
	We are OK for option 1. 

	Apple
	In general agreeable. OK to further refine the wording.



Issue 3-4: Whether to confirm defining ‘per-TCI state’ configured power for STxMP Pcmax
	Company
	Comments

	vivo
	Option 3 as the proponent. 

	Qualcomm
	Option 1.
For Vivo: There seem to be 2 problems at this conceptual stage: how to differentiate the per-TCI state power and validity of per-TCI state peak EIRP. The Qualcomm proposal (R4-234600) for example is framed consistent with elements of proposal 6 in your tdoc (R4-2305087): knowledge of per-TCI state power during compliance verification is not needed: If the UE can satisfy the PUMAX,f,c ≤ EIRPmax condition of the requirement in all directions, the per TCI-state EIRP is automatically compliant and does not need dedicated checking. Recall that PUMAX,f,c is the measured EIRP over all TCI states.
For Huawei: In our understanding, RAN1 progress seems dependent on RAN4 confirmation. We may end up introducing a circular dependency across WGs if we also choose to wait on RAN1. A per-TCI state formulation would help simplify the RAN1 formulation for power control for this feature. We agree we do not need to introduce the concept of ‘antenna module number’. It is up to UE to make connections between logical identifiers and physical hardware resources – this is no different from many precedent cases. 
 

	Samsung
	We see it definitely needs more discussions considering companies’ proposals and comments. But also agree that we need a concrete proposal and baseline Pcmax as soon as possible given the limited time.

	Nokia
	Support option 1: ‘per TCI state’ configured power for STxMP

	InterDigital.
	Support Option 1: ‘per TCI state’ configured power for STxMP’ and suggest to think about the power sharing/non-sharing idea that may resolve the overlapping beams vs. non-overlapping ones.

	Ericsson
	Option 1.

	Huawei
	Option 2 and 3.
Thanks for the clarification from Qualcomm. Of course the introduction of “per-TCI state” is one candidate solution to build a bridge between RAN1 and RAN4, but the bridge is not sturdy to our understanding since remaining factors in the inequality like MPR/A-MPR were not evaluated based on multiple beams. 

	Xiaomi
	Prefer to option2 and option3, RAN4 need wait for RAN1’s reply about the ‘per-TCI state’

	Apple
	Option 2



Sub topic 1-4 
Issue 4-1: Whether to specify new RF requirements for STxMP in Rel-18
	Company
	Comments

	vivo
	The principle of option 1 is attractive and may be treat as a starting point, but still some difficult problems remains. To what extent can be solved may depending on further discussion.

	Qualcomm
	Option 1
We are ok to do enough to support RAN1 to finish definition, which means confirm the configured power requirement. We can wait for carrier demand before finishing defining the feature in RAN4.

	Samsung
	As the proponent and rapporteur company, Option 1 is better way for RAN4 to enable the feature in Rel-18. Option 2 needs further clarification about what RAN4 can postpone to Rel-19.

	Nokia
	Support option 1: reuse current requirements as much as possible.
Regarding option 2: STxMP operation should not be postponed to future releases.

	InterDigital
	Option 1

	Huawei
	Option 2 and 3.

	Xiaomi
	Option1

	Apple
	On Option 1: it is not clear if RAN4 will define all the relevant requirements in R18. Any clarification?



Issue 4-2: Max EIRP (EIRPmax) 
	Company
	Comments

	vivo
	Option 1 may be a feasible way or starting point, but as discussed in issue 2-1, how to apply this legacy requirement with in case of multiple beams overlapping case, needs further discussion. 
One tentative way is to use “the sum of the EIRP of all respective beams in a certain direction” as the clarification of the total EIRP in a direction in case multiple overlapping beams simultaneous transmission for STxMP. 

	Qualcomm
	Option 1
The UE cannot exceed regulatory limits, so the max EIRP limit would be per-UE and apply for the cumulative effect over all TCI states. This is a TCI-state-blind EIRP measurement at any far field point.

	Samsung
	As discussed in Sub-topic 1-2, the max EIRP should be there as it is to comply with the regulatory requirements. However, for EIRPmax for the configured power per panel, we can further discuss whether to introduce new term for STxMP instead of max EIRP considering the two-TRP scenario.

	Nokia
	We support option 1 as a start point. It can be discussed how can UE deal with the case of two panels operating at maximum output power and radiating in the same direction.

	InterDigital
	Option 1

	Ericsson
	Not obvious, the regulatory limit related to the EIRP across the entire device (total power), but RAN4 can further discuss per-TCI if limited to two.

	Huawei
	Option 1.

	Xiaomi
	Option 1

	Apple
	Option 1



Issue 4-3: Max TRP (TRPmax)
	Company
	Comments

	vivo
	Option 1 may be feasible. Since TRP is not defined in a specific direction. 

	Qualcomm
	Option 1

	Samsung
	Option 1

	Nokia
	We support option 1 as a starting point. 

	InterDigital
	Option 1 is a good start.

	Ericsson
	Option 1 since TRP is not directional.

	Huawei
	Option 1.

	Xiaomi
	Option 1

	Apple
	Reusing legacy requirement is OK. But we wonder if the legacy requirement can be reused for each panel to reduce the power restriction.



Issue 4-4: Peak EIRP (PPowerclass)
	Company
	Comments

	vivo
	Option 2 as proponent.
Though option 1 seems simple, there is currently no way to differentiate multiple beams in the test, and no way to verify the weaker beam. The following figure can serve as an example that the weaker “b” would not be verified and the two cases can hardly be differentiated.


In another word, it is difficult to verify the peak EIRP requirement for the weaker beam in case of STxMP, and this may be a problem for option 1 in case all the two beams need to be verified.

	Qualcomm
	The intent is to use the legacy in conjunction with the relaxation factor. From a regulatory standpoint per TCI state power does not need be measured. Further discussion is needed if we want to verify per-TCI state power, MPR etc.
To discuss concern identified by vivo, if we need to start looking at per-TCI state metrics, other non-mutually exclusive methods are available. One is to develop 4L demod capability in the TE. Another avenue is to develop UBF and creative UL scheduling by the TE.

	Samsung
	Since RAN1 is only considering two-TRP scenario, i.e., each panel transmits to different TRP, we could simply take the legacy peak EIRP per panel. However, considering the testability issue, it needs further discussion on how to define the peak EIRP per panel while checking if the power of each panel can be distinguished by different layer by a TE. Having new relaxation term can be an option but it is still not easy to have a certain number soon.

	Nokia
	Option 2 may be further investigated. Indeed with STxMP, there may be two distinct peaks if the UE panels and pointing in two different directions. In such case, each direction may be tested for e.g. min peak EIRP (for each TCI/each panel). Nevertheless, if both UE panels point in the same direction, only one peak EIRP may be appearing in the test.

	InterDigital
	Option 1 and further discuss the testability since we have 2 UL directions to cope with.

	Huawei
	No strong view on Option 1 but we think “panel” should not be changed to other wording like Tx chain.

	Xiaomi
	Similar view with Qualcomm, some relaxation may need based on legacy requirement for each panel, but how to test two peak EIRP from two panels simultaneously need further discuss.

	Apple
	We think Option 1 with the potential relaxation is OK. We are open to considering the testability issue raised by vivo.



Issue 4-5: MPR (MPRf,c,k)
	Company
	Comments

	vivo
	Option 2 as proponent. 
The discussion can reference Issue 3-2 Option 3 “Further discuss how to differentiate the per-beam power for different TCI-state (vivo)”

	Qualcomm
	OK with option 2, WI scope in RAN4 would be useful to clarify. Further discussion needed if we want to verify per-TCI state power, MPR etc.

	Samsung
	Similar issue with Issue 4-4

	Nokia
	We support option 1: legacy MPR requirements may be reused.
Regarding option 3: other options, we think that P-MPR may be used by the UE to comply to max EIRP limit, in the case that both UE panels are operating at maximum power and are radiating in the same direction to avoid going above regulatory limits.

	InterDigital
	Option 1. But we have to check how this works for overlapping beams and overlapping RB allocations, since it is a possibility in the mDCI case.

	Huawei
	Option 3. Whether legacy MPR requirement can be reused is still not clear.

	Xiaomi
	Similar issue with issue 4-4, how to test two peak EIRP from two panels simultaneously need further discuss.

	Apple
	Prefer to have more study on this. Option 2 seems reasonable.



Issue 4-6: Other ‘per-panel’ requirements
	Company
	Comments

	vivo
	Option 2 (Which number is just revised) as proponent. Concrete proposals are still lacking.

	Qualcomm
	OK with option 2, WI scope in RAN4 would be useful to clarify. Further discussion needed if we want to verify per-TCI state power, MPR etc.

	Samsung
	As shared in Issue 4-1, it is recommended to focus on configured power, and try to derive its necessary requirements in Rel-18. Other requirements like beam correspondence and spherical coverage can be the next step.

	Nokia
	We support option 2. Each panel should fulfill beam correspondence and spherical coverage requirements independently.

	InterDigital
	Option 2 seems a fair way forward.

	Huawei
	Share similar view with Samsung.

	Xiaomi
	Option 2

	Apple
	Option 2. We need more time to study it.



Issue 4-7: Joint requirements of multiple TCI-state
	Company
	Comments

	vivo
	Option 1 as proponent. This is also related to issue 3-2 option 2.

	Qualcomm
	WI scope in RAN4 would be useful to clarify. 

	Nokia
	No support: the architecture and the operation of STxMP seem to both indicate independent operation so it is not clear what scenario would imply joint requirements.

	InterDigital
	Agree with Qualcomm statement.

	Huawei
	May we seek clarification on the meaning of joint requirements?

	Xiaomi
	Agree with Qualcomm statement

	Apple
	Would like to understand what “joint requirements” mean.



Issue 4-8: MPE considerations
	Company
	Comments

	Qualcomm
	Per the Qualcomm-proposed configured power requirement, there is added flexibility so UE can use per TCI-state P-MPR if it chooses. It is business as usual, but the UE has to mind exposure in two directions now.

	Nokia
	We support option 1: MPE use cases may be studied if existing. Although it should be noted that this item mostly addresses PC1/PC2 which are not handheld devices.

	InterDigital
	The MPE is reported per beam currently and thus P-MPR can be used per TCI state-> Pcmax defined in this context. In our proposal or Qualcomm’s.

	Ericsson
	That MPE is measured without the presence a user may facilitate the discussion (but may change and possibly allow higher power).

	Xiaomi
	Option 1

	Apple
	Option 1. For handheld UE, because it is close to human, MPE is expected to be more constraining. For FWA/CPE/etc., we want to understand how constraining MPE is. That’s why we propose to look into the use case.



Sub topic 1-5 
Issue 5-1: Is it agreeable to send RAN1 following answers?
	Company
	Comments

	vivo
	Though most contents seems agreeable, there may still some doubt on some of the basic definitions. E.g, how to consider the total EIRP over all panels?  Can we accept the clarification of the “total EIRP over all panels in a certain direction” as “the sum of the EIRP of all respective beams in that direction”? (As discussed in Issue 4-2)

	Qualcomm
	As proponent, support.
For Vivo: total EIRP is the EIRP measured at any point cumulatively over all TCI-states. (it is a TCI-state-blind measurement). Your clarification is consistent with our proposed framing.

	Samsung
	We are generally ok to send the LS to help RAN1 discussion because it is true that we missed the answer in the last reply LS due to the lack of consensus. However, it first needs clearer understanding of some terms like ‘existing EIRP/TRP upper limit’ and ‘sum of per-panel power limitation’ mentioned in the LS. We are OK to send the LS with such clarification.

	Nokia
	Need FFS before sending LS to RAN1

	InterDigital
	The first two bullets are OK. But the third and forth bullets need a really good understanding from our side. So, we need more clarifications.

	Ericsson
	The second, third and possibly the fourth (no per-TCI TRP limit) bullets are fine, the first need further consideration. The WF is good.

	Huawei
	Suggest to have more discussion before sending the LS.

	Xiaomi
	We are OK for first, second and fourth bullets

	Apple
	We prefer to discuss the second, third, fourth points further in RAN4 before sending the LS.



CRs/TPs comments collection
For close-to-finalize WIs and maintenance work, comments collections can be arranged for TPs and CRs. For ongoing WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic #1
	1st round summary and tentative agreements:
Most companies’ understanding (7/9) is that it is useful to establish a common view of the UE hardware architectures for STxMP discussion. 
Candidate options:
Detailed UE architecture assumption can be further discussed when RAN4 discusses related requirements after setting up clearer work scope of STxMP.
Recommendations for 2nd round:
None

	Sub-topic #2
	1st round summary and tentative agreements:
Most companies’ understanding (6/9) is that the ‘per-UE’ power limitation should be based on the regulatory requirements, e.g., max EIRP and max TRP. Legacy requirements can be applied to those requirements. 
Candidate options:
Close the discussion on the requirement related to the regulatory limit. The discussion on the upper limit of STxMP, or of the configured power for STxMP can be continued if it is necessary to consider the sum of the EIRP of all respective beams in a certain direction based on the contribution to the next meeting.
Recommendations for 2nd round:
None

	Sub-topic #3
	1st round summary and tentative agreements:
1. Relaxation factor can be added later depending on the study outcome of the configured power and requirements for STxMP.
2. Given the options provided to this meeting, RAN4 will further study how to improve the proposed per-TCI state based configured power inequation with the concrete proposal. 
3. For study of the configured power for STxMP it should be considered that a plane of reference for a ‘Per-TCI state’ configured maximum output power is the same as the plane of reference of anything which is measured in the DL for each TCI state.
4. Some companies (4/9) support to confirm defining ‘per-TCI state’ configured power for STxMP in this meeting. The other companies (5/9) still need further discussion until RAN4 has clearer understanding of the raised issues in this meeting, and RAN1 has further updates on STxMP. 
Candidate options:
It is expected to continue the discussion on the configured power for STxMP, and try to confirm the concept of the configured power for STxMP in the next meeting.
Recommendations for 2nd round:
None

	Sub-topic #4
	1st round summary and tentative agreements:
1. Some companies (5/8) support Option 1 to focus on the configured output power while reusing legacy requirements as much as possible, and new ‘per-panel’ RF requirements can follow at later stage if required. Based on that, RAN4 can focus on the new configured power for STxMP, however, it is still remained how to define the relevant requirements considering the issues raised in this meeting.   
2. RAN4 will consider the legacy requirement for the min peak EIRP (PPowerclass) and MPR (MPRf,c,k) per panel. In order to address the testability issue raised in this meeting, further discussions are required based on the contribution to the next meeting, e.g., a relaxation factor and TE enhancements.
3. In addition to the requirement needed for the output power configuration, other per-panel requirements for STxMP, e.g., spherical coverage and beam correspondence, can be continued to check its impact when the requirements of peak EIRP and MPR per panel are clear enough in RAN4.
4. RAN4 needs further study of the MPE scenario for the FWA/CPE with its use case of STxMP in the next meeting.
Candidate options:
With the tentative agreements above, RAN4 is expected to focus on the configured power and its concept in the next meeting with its min peak EIRP, MPR per panel and MPE scenario in the next meeting. Per-panel requirements of spherical coverage and beam correspondence can follow at the later stage.
Recommendations for 2nd round:
None (focus on WF wording)

	Sub-topic #5
	1st round summary and tentative agreements:
Most companies are OK to send the LS in this meeting while it is necessary to do further checking on the proposed bullets. 
Candidate options:
It is required to do the further discussion on each bullet during the 2nd round.
Recommendations for 2nd round:
It is expected to do further check on each proposed bullet to decide whether RAN4 can send the additional reply LS to RAN1 about the missed answers in the 2nd round.




CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update
Note: The tdoc decisions shall be provided in Section 3 and this table is optional in case moderators would like to provide additional information. 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)

Recommendations for Tdocs
1st round 
New tdocs
	New Tdoc number
	Title
	Source
	Comments

	
	WF on UE RF requirements on STxMP
	Samsung
	

	
	
	
	

	
	
	
	



Existing tdocs
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-2304059
	
	On UE RF requirements for STxMP mDCI case
	InterDigital
	Noted
	

	R4-2304128
	
	Power limit for STxMP
	Apple
	Noted
	

	R4-2304478
	
	UE power limitation for STxMP in FR2 (R1-2205639)
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2304479
	
	UE RF requirement aspects
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2304600
	
	On configured Tx power for STxMP in FR2
	Qualcomm
	Return to
	Pending 2nd round discussion

	R4-2305014
	
	Discussion on RF requirements of STxMP
	Samsung
	Noted
	

	R4-2305087
	
	Discussion of UE RF requirements for STxMP in FR2
	Vivo
	Noted
	

	R4-2305600
	
	On the RF requirement for STxMP
	Huawei, HiSilicon
	Noted
	

	R4-2305836
	
	Discussion on UE RF requirements for STxMP
	Ericsson
	Noted
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

2nd round 

	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-23xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-23xxxxx
	
	WF on …
	YYY
	Agreeable, Revised, Noted
	

	R4-23xxxxx
	
	LS on …
	ZZZ
	Agreeable, Revised, Noted
	

	
	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents
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«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
Poyaxscs for TCI state k of carrier f ef-aand serving cell ¢ 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
38215 [11].¢

The configured UE maximum output power Py ec i for casrier fof a serving cell e shall be set such that the corresponding
measured peak EIRP Piaax sc is within the following bounds«

Pronercass + APsg — MAX(MAX(MPRc ., A- MPRyc;) + AMBp, P-MPRy.,) - MAX{T(MAX(MPR;.,, A- MPR¢...)),
T(P-MPRy.,)} = Pencaxceer < EIRP e

When the UE power sharing of the active TCI combination states is True, the corresponding measured peak EIRP for carrier
fof aserving cell ¢, over all active TCT states configured for [STXMP]. Biacaxse satisfiese

Pinaxec < ERPpse
whiletThe corresponding measured total radiated power Pryax ¢. is always bounded by«

Pruaxse < TRPmax?
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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 Peygax ¢cx for TCI
state k of carrier f ef-aand 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].4]

The configured UE maximum output power Poyax sc i forcasrierfof a-servingeell-e-shall be set such that the
corresponding measured peak EIRP Pipaxscx for each of the active TCI states k indicated for is within the
following bounds«

Ppowerciass T APeg — MAX(MAX(MPR¢c k. A- MPR¢(y) + AMBp ., P-MPRe. ;) - MAX{T(MAX(MPRe.y, A-
MPRg 1), T(P-MPRec )} = Punaxsex € EIRPrge

and where the corresponding measured peak EIRP for carrier fof a serving cell ¢, over all active TCI states

confisuredindicated for [STXMP). Pingaxe, satisfiese
Puxec <ERPpce
while the corresponding measured total radiated power Poyax ¢ is bounded by«

Pnuaxge < TRPpge

[where ATszug is  relaxation specific to STXMP operation] »
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