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1 Introduction
RAN4 discussed the overall impact to UE RF requirements by considering the status of other working groups on the Rel-18 MIMO WI. At its latest meeting, RAN4 approved a WF on UE RF requirements for STxMP to capture the agreements, and to summarize the discussion status for May meeting [1]. Based on the WF, companies need to have further discussions on how to specify the configured output power for STxMP, corresponding UE RF requirements, and how to resolve the raised issues to support STxMP in Rel-18.
[bookmark: _Hlk135085820]Regarding the configured output power inequation for STxMP, RAN4 has discussed the proposed per-TCI state configured power for the last couple of meetings as a starting point. Given the discussion, it will be further studied how to improve the per-TCI state based inequation from an overall perspective while taking into account RAN1 status before confirming the concept of PCMAX for STxMP.
Therefore, in this contribution, we would like to provide a potential alternative solution for the per-panel configured output power for STxMP based on ongoing both RAN4 and RAN1 discussions. Several options that RAN4 can take for Rel-18 STxMP are also suggested based on the previous discussions and our view on each issue raised so far. 
2 Discussion
2.1	Configured output power for STxMP
As RAN4 has identified, to support the STxMP-based transmission in Rel-18, the discussion on whether/how to define per-panel configured output power would be the most important topic for the UE RF discussion. This is because, by defining the range of PCMAX for STxMP power control, it is able for RAN1 to complete the feature in terms of the PUSCH power allocation equation, and for RAN4 to discuss and specify the corresponding requirements. The agreements and way forward options made in the last meeting for per-panel PCMAX are captured as follows [1]:
	<Way forward>
-	Relaxation factor can be added based on the study outcome of the configured power and requirements for STxMP
-	RAN4 will further study how to improve the proposed per-TCI state configured power as proposed in RAN4#107, and if necessary while considering the following issues. Other solutions are not precluded
	>	Whether/how to improve the per panel configured power to make it clearer for the two-panel transmission
	>	Solution to differentiate the per-beam power for different TCI-state
-	It is expected that RAN4 waits for RAN1 updates regarding per-TCI power control before confirming the concept of the configured power for STxMP



According to the way forward above, also mentioned before, RAN4 agreed to continue checking whether/how to define the per-panel configured power based on the proposed one per-TCI state [2]. It is also expected that RAN4 will wait for RAN1 updates before confirming the concept of the configured power for STxMP.
Observation 1:	RAN4 will wait for RAN1 updates before confirming the concept of the configured power for STxMP.
In our understanding, the per-TCI state based PCMAX would be one of straight forward solutions to enable the independent power control for each panel because the TCI state broadly indicates the beam used for the UL between a TRP and a UE at a certain time. However, one thing we have to consider is the number of configured powers that a UE needs to consider in addition to the carrier f and serving cell c. Given that the number of unified TCI states is 128 states, i.e., at least 64 states for UL, it does not make sense for the UE to know such large number of ‘k’ states, e.g., 64 different PCMAX,f,c,k. Even worse, the number of TCI state combinations that UE should consider will rise exponentially if we simply think about the enhanced scenario such as CA and more panels than two. Also, considering the frequently activated/de-activated TCI state for the two-panel transmission, the ‘active TCI states’ in the proposed per-TCI state is not so clear from UE’s and specification’s point of view. These can be discussed further in RAN4 to make it clearer by taking into account the association between the panel and TRP, which is ongoing in RAN1 discussion.
Observation 2:	The number of configured power should be considered in addition to the carrier f and serving cell c, considering the frequently activated/de-activated TCI state for the two-panel transmission.
Proposal 1:	RAN4 should discuss the configured power for STxMP to make it clearer by taking into account the association between the panel and TRP, which is ongoing in RAN1 discussion.
In the last meeting, there was a proposal on the need of such restriction on the number of state ‘k’ to two combined pairs/groups based on the reporting about relationship between the panel and TRP [3]. In order to find out such relationship and reporting scheme, it would be essential to check the discussion status on what is associated with TRP to support STxMP-based transmission in RAN1. After the checking, we found that RAN1 made a following agreement:
	Agreement
Enhance the Rel-17 group-based beam L1-RSRP reporting to support STxMP-based transmission and down-select one in RAN1#113 meeting:
· Alt1: In each reported pair of CRIs or SSBRIs, the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously, and the reported pair of CRIs or SSBRIs can be received simultaneously.
· Alt2: In each reported pair of CRIs or SSBRIs, the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously.
· Alt3: In each reported pair of CRIs or SSBRIs, UE indicates if the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously, and/or if the reported pair of CRIs or SSBRIs can be received simultaneously.   
· FFS: Introduce an indicator to support the above, and the number of bits and interpretation of each codepoint of the indicator



In short, RAN1 agreed to introduce a UE reporting scheme based on Rel-17 group-based beam L1-RSRP reporting for the STxMP. Even though there are three alternatives on the table for the detail, whichever will be selected, the UL Tx spatial filters, i.e., UL beams, determined from the reported pair of CRIs or SSBRIs can be applied simultaneously. In other words, the per-panel configured output power for STxMP can be defined by the reported beam group, i.e., a pair of CRIs or SSBRIs for the STxMP-based transmission, which can dramatically reduce the number of PCMAX by limiting the number of ‘k’ to the number of TRPs where UE can transmit simultaneously given that each TRP is associated by a set of TCI states as defined in RAN1. 
Observation 3:	RAN1 agreed to introduce a UE reporting scheme based on Rel-17 group-based beam L1-RSRP reporting for the STxMP.
Observation 4:	Per -panel configured output power for STxMP can be defined by the reported beam group, i.e., a pair of CRIs or SSBRIs for the STxMP-based transmission, which can limit the number of ‘k’ to the number of TRPs where UE can transmit simultaneously given that each TRP is associated by a set of TCI states as defined in RAN1.
There are multiple ways to define the per-panel configured power based on the group-based beam reporting. For example, a CSI resource set, as it indicates a pair of CRI or SSBRIs in the group-based beam reporting, would be a good option to differentiate transmitting panels. As specified in the TS 38,213, if the UE is configured with groupBasedBeamReporting-r17, the UE is not required to update measurements for more than 64 CSI-RS and/or SSB resources, but the UE shall report in a single reporting instance, a group of two CRIs or SSBRIs selecting one CSI-RS or SSB from each of the two CSI Resource Sets for the report setting, where CSI-RS and/or SSB resources of each group can be received simultaneously by the UE. It is also possible to use ‘TCI pool’ for the configured power per panel directly because each TCI pool implicitly indicates a TRP where a panel of UE transmits to, because the TRP specific power control is considered in RAN1 for STxMP. Figure 1 shows how to associate the TRP with TCI pool based on the group-based beam reporting.
Observation 5:	RAN1 considers TRP specific power control based on the group-based beam reporting for STxMP. 
[image: ]
Figure 1: An example of association between the TRP and TCI pool
Therefore, by using the ‘TCI pool’ as an example, the configured power of STxMP can be defined as following way. It is noted that the index ‘p’ below was used to differentiate a set of TCI states with the TCI state used in [3]:
	[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]6.2x.4	Configured transmitted power for STxMP
The UE can configure its maximum output power. The configured UE maximum output power PCMAX,f,c,p for TCI pool p of 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 configured UE maximum output power PCMAX,f,c,p for TCI pool p of carrier f of a serving cell c shall be set such that the corresponding measured peak EIRP PUMAX,f,c,p is within the following bounds
[bookmark: _Hlk36570999]PPowerclass + PIBE – MAX(MAX(MPRf,c,p, A- MPRf,c,p,) + ΔMBP,n, P-MPRf,c,p) – MAX{T(MAX(MPRf,c,p, A- MPRf,c,p,)), T(P-MPRf,c,p)} ≤ PUMAX,f,c,p ≤ EIRPmax
Where the corresponding measured peak EIRP for carrier f of a serving cell c, over all indicated TCI pool configured for STxMP, PUMAX,f,c satisfies
PUMAX,f,c ≤ EIRPmax



Both Figure 1 and the example shown above describe how the TRP specific UL power can be configured for STxMP by defining ‘p’ as a TCI pool based on the RAN1 discussion. The per TCI pool PCMAX also enables UE to set up two PCMAXf,c,p clearly for two TRPs, i.e., one PCMAXf,c,p per TCI pool, in case of the two-panel transmission. Other details such as the association between TRP specific PCMAX and the TCI state, or transmission conditions should be defined in RAN1, and what RAN4 needs to do is to define the TRP specific PCMAXf,c,p and its RF requirements. 
Observation 6:	Per TCI pool PCMAXf,c,p enables the TRP specific UL power configuration, and UE to set up two PCMAXf,c,p clearly for two TRPs for STxMP.
Observation 7:	RAN4 needs to define the TRP specific PCMAXf,c,p and its RF requirements. Other details such as the association between TRP specific PCMAX and the TCI state, or transmission condition should be defined in RAN1.
Proposal 2:	TRP specific UL power configuration should be the baseline for per-panel UE RF requirement per-panel PCMAX 
2.2	Other UE RF requirements for STxMP
In addition to the per-panel configured output power for STxMP, RAN4 should decide how to move forward, and whether/how to introduce the necessary requirements before defining the related requirements for this WI. The WF captures the discussion point as follows:
	<Way forward>: Per-UE related
-	Max EIRP and Max TRP should be based on the legacy requirements
-	Clarification of EIRP for STxMP can be discussed 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

<Way forward>: Per-panel related
-	RAN4 focuses on the new configured power for STxMP power control while considering the relevant requirements, e.g., Min peak EIRP (PPowerclass) and MPR (MPRf,c,k), and its testability issues raised in RAN4#106bis-e
	>	Legacy requirements can be starting point
	>	Further discussions are required for how to address the testability issue, e.g., relaxation factor and TE enhancements
-	In addition to the requirement needed for the output power configuration, other requirements, e.g., spherical coverage and beam correspondence, can be discussed when the requirements of peak EIRP and MPR per panel are clear enough in RAN4



Regarding the yellow highlighted part under the per-UE related way forward, which was an issue raised in [4], it might not have a big impact on the per-UE requirement for STxMP in our understanding. When looking back to the existing two EIRP related requirements, the peak EIRP requirement is a minimum requirement so that it does not have to consider the impact of EIRP sum of all respective beams in a certain direction. Also, the maximum EIRP is based on the regulatory requirement which would be pretty much higher than the practical EIRP level at a certain direction, it should be lower than the peak EIRP of the stronger beam plus 3dB, which would be still below the regulatory requirement even though the measured EIRP at a certain direction can actually be the sum of two beams as raised before.
Observation 8:	It is observed that the impact of EIRP sum of all respective beams in a certain direction might not have a big impact on the per-UE requirement related discussion.
Observation 9:	The least issue is observed on the per-UE based requirement for STxMP.
For the testability issue under the per-panel related way forward, in our view, the major issue is that there is no way to differentiate the two UL beam when those are overlapped [4]. So, as long as the per-panel requirement requires to differentiate the UL power of the two beams, its testability should be discussed along with the per-panel related requirement. 
Observation 10:	As long as the per-panel requirement requires to differentiate the UL power of the two beams, its testability should be discussed along with the per-panel related requirement.
Based on the study and observations above, RAN4 might have several approaches as a way to move forward. The first approach (A1) would be that, as noted in the WF, RAN4 just concentrates all the efforts on defining the per-panel PCMAX during the WI with legacy requirements while assuming some constraints, e.g., no overlap between the beams. It is business as usual in 3GPP that the requirements can be updated based on the market demand in future releases as RAN4 is discussing the simultaneous reception in dedicated WI, multi-Rx chain WI. Another approach (A2) can be to strive for both per-panel PCMAX and the necessary requirements while resolving the testability issue together. In this case, the discussion on the test method for dual beam transmission should precede its requirement discussion to make them meaningful. The other one for way forward (A3) would be to focus only on the per-UE based requirement for STxMP in this release by reusing the legacy PCMAX and requirements as much as possible. For example, in terms of the configured power, the existing PCMAX can be regarded as the ‘power sharing’ concept between two panels for STxMP, which would rely on the UE implementation.
· A1: Focus on defining the per-panel PCMAX with legacy requirements while assuming some constraints, e.g., no overlap between the beams in this release
· A2: Strive for both per-panel PCMAX and the necessary requirements while resolving the testability issue together
· A3: Focus only on the per-UE based requirement for STxMP in this release by reusing the legacy PCMAX and requirements as much as possible.
Amongst the approaches above, in our view, A1 can be a good approach that RAN4 can take in Rel-18 given the discussion RAN4 had so far. Also, it should be no harm to take A2 for the time being, and get back to other approaches, e.g., A1 or A3, depending on the discussion progress.
Observation 11:	There are three candidate approaches that RAN4 needs to take as a way to move forward based on the previous study and discussions.
Proposal 3:	RAN4 to focus on defining the per-panel PCMAX with legacy requirements in Rel-18 (A1)
Proposal 4:	As an alternative, RAN4 can strive for both per-panel PCMAX and the necessary requirements for the time being, and get back to other approaches depending on the discussion progress.
3	Conclusion
Based on the previous discussion and proposal, this contribution provides a potential alternative solution for the per-panel configured output power for STxMP, and possible approaches for Rel-18 based on ongoing both RAN4 and RAN1 discussions. Following summary can be derived.
Observation 1:	RAN4 will wait for RAN1 updates before confirming the concept of the configured power for STxMP.
Observation 2:	The number of configured power should be considered in addition to the carrier f and serving cell c, considering the frequently activated/de-activated TCI state for the two-panel transmission.
Proposal 1:	RAN4 should discuss the configured power for STxMP to make it clearer by taking into account the association between the panel and TRP, which is ongoing in RAN1 discussion.
Observation 3:	RAN1 agreed to introduce a UE reporting scheme based on Rel-17 group-based beam L1-RSRP reporting for the STxMP.
Observation 4:	Per -panel configured output power for STxMP can be defined by the reported beam group, i.e., a pair of CRIs or SSBRIs for the STxMP-based transmission, which can limit the number of ‘k’ to the number of TRPs where UE can transmit simultaneously given that each TRP is associated by a set of TCI states as defined in RAN1.
Observation 5:	RAN1 considers TRP specific power control based on the group-based beam reporting for STxMP. 
Observation 6:	Per TCI pool PCMAXf,c,p enables the TRP specific UL power configuration, and UE to set up two PCMAXf,c,p clearly for two TRPs for STxMP.
Observation 7:	RAN4 needs to define the TRP specific PCMAXf,c,p and its RF requirements. Other details such as the association between TRP specific PCMAX and the TCI state, or transmission condition should be defined in RAN1.
Proposal 2:	TRP specific UL power configuration should be the baseline for per-panel UE RF requirement per-panel PCMAX 
Observation 8:	It is observed that the impact of EIRP sum of all respective beams in a certain direction might not have a big impact on the per-UE requirement related discussion.
Observation 9:	The least issue is observed on the per-UE based requirement for STxMP.
Observation 10:	As long as the per-panel requirement requires to differentiate the UL power of the two beams, its testability should be discussed along with the per-panel related requirement.
Observation 11:	There are three candidate approaches that RAN4 needs to take as a way to move forward based on the previous study and discussions.
Proposal 3:	RAN4 to focus on defining the per-panel PCMAX with legacy requirements in Rel-18 (A1)
Proposal 4:	As an alternative, RAN4 can strive for both per-panel PCMAX and the necessary requirements for the time being, and get back to other approaches depending on the discussion progress.
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