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1 Introduction
Rel-18 MIMO evolution for downlink and uplink on unified TCI framework extension for MTRP is considered as completed in the last meeting [1], and draft CR on TS 38.214 is provided [2]. In this paper, we discuss the remaining issues on unified TCI framework extension for MTRP.

2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
2.1 Discussion on TCI field and TCI selection field in S-DCI based MTRP
For S-DCI based MTRP, a 2-bit [TCI selection field] is included in DCI format 1_1/1_2 that schedules/activates PDSCH reception, and UE shall apply the first/second one or both of two indicated joint/DL TCI states to PDSCH transmission depending on the codepoint of this field. With this field, beam indication and beam selection for PDSCH are now separately indicated via different DCI fields, while in previous releases TCI field in DCI is responsible for both functionalities. 
Based on the following draft CR [2], when the UE is configured with tci-PresentInDCI or tci-PresentDCI-1-2 and tciSelection-PresentInDCI, TCI field and [TCI selection field] are in the same DCI, and [TCI selection field] shall provide information to select from the indicated TCI states indicated via the TCI field in the same DCI.
	TS 38.214 v18.0.0 Section 5.1.5
When a UE configured with dl-OrJointTCI-StateList would transmit a PUCCH with positive HARQ-ACK or a PUSCH with positive HARQ-ACK corresponding to the DCI carrying the TCI State indication and without DL assignment, or corresponding to the PDSCH scheduled by the DCI carrying the TCI State indication, and if the indicated TCI State is different from the previously indicated one, the indicated TCI-State and/or TCI-UL-State should be applied starting from the first slot that is at least  symbols after the last symbol of the PUCCH or the PUSCH. The first slot and the  symbols are both determined on the active BWP with the smallest SCS among the BWP(s) from the CCs applying the indicated TCI-State or TCI-UL-State that are active at the end of the PUCCH or the PUSCH carrying the positive HARQ-ACK. 

	TS 38.214 v18.0.0 Section 5.1.5
When a UE is configured with dl-OrJointTCI-StateList and is having two indicated TCI-states:
-	<omitted>
-	If the UE does not report its capability of [two default beams for S-DCI based MTRP]in frequency range 2 and if the scheduling offset between the reception of the scheduling DCI format 1_0/1_1/1_2 and the scheduled/activated PDSCH reception is equal to or larger than [timeDurationForQCL]
-	<omitted>
-	When the UE is configured with tciSelection-PresentInDCI and when the UE receives a DCI format 1_1/1_2 that schedules or activates PDSCH reception, the UE shall determine the indicated joint/DL TCI state(s) for the PDSCH reception according to the following:
-	If the DCI format 1_1/1_2 indicates codepoint "00" for the [TCI selection field], the UE shall apply the first one of two indicated joint/DL TCI states to all PDSCH DM-RS port(s) of corresponding PDSCH transmission occasions(s) scheduled or activated by the DCI format 1_1/1_2.
-	If the DCI format 1_1/1_2 indicates codepoint "01" for the [TCI selection field], the UE shall apply the second one of two indicated joint/DL TCI states to all PDSCH DM-RS port(s) of corresponding PDSCH transmission occasions(s) scheduled or activated by the DCI format 1_1/1_2.
-	If the DCI format 1_1/1_2 indicates codepoint "10" for the [TCI selection field], the UE shall apply both indicated joint/DL TCI states to the PDSCH reception scheduled or activated by the DCI format 1_1/1_2.
-	If the UE is not configured with tciSelection-PresentInDCI and when the UE receives a DCI format 1_1/1_2 that schedules/activates PDSCH reception, the UE shall apply both indicated TCI-States to the scheduled or activated PDSCH reception


However, there might be some ambiguities, if taking application timing into account. This is because the application timing of indicated TCI states via the TCI field is related to beamAppTime after ACK, and the application timing of indicated selection via the [TCI selection field] is with TimeDurationQCL. For example, assuming DCI containing a TCI field and a [TCI selection field] is received at t1, and N is the time used for ACK, then
· If t1 + TimeDurationQCL >= t1 + N + beamAppTime, there would be a time duration that TCI selection has NOT yet updated, but indicated TCI states via the TCI field has been applied
· If t1 + TimeDurationQCL < t1 + N + beamAppTime, there would be a time duration (shown in purple colour in the following figure) that TCI selection has been applied, but indicated TCI states via the TCI field has NOT been applied
The figure below illustrates that, depending on the relationship between TimeDurationQCL and N+beamAppTime, the indicated TCI selection may be within different applied TCI states, which may cause ambiguities and needs to be clarified. One simple solution is to clarify that the selection is within indicated joint/DL TCI states applied.
[image: ]
Figure 1 Illustration of TCI selection with different applied TCI states
Observation 1: There still might be some ambiguities on interpretation of [TCI selection field], in particularly on which two indicated joint/DL TCI states are used for selection.
Proposal 1: Support to clarify the relationship between the TimeDurationQCL and beamAppTime and to make sure that the [TCI selection field] provides information to select from two indicated TCI states applied.

2.2 Discussion on TCI states for STxMP
In Rel-18, group based beam reporting is enhanced for STxMP, i.e., groupBasedBeamReporting-v18 can be configured for UE to report beams can be received simultaneously and applied for simultaneous transmission with spatial filters, or beams can be applied for simultaneous transmission with spatial filters. However, before the earliest beam report, NW has yet obtain any information on UL beam pairs could be applied for simultaneous transmission, a pair of joint/UL TCI states for STxMP may be activated/indicated. UE may not be able to perform STxMP based on the two indicated joint/UL TCI states. 
For UE configured with multipanelScheme, it is useful to clarify UE behaviour upon reception of such TCI state activation/indication. For example, regardless of TCI state activation/indication, UE expects by default STRP transmission before the first group based beam report for STxMP. Another method is that UE can consider the activated/indicated pair of joint/UL TCI states for STxMP as “unknown”, for which RAN4 defines a longer application timing.
Observation 2: NW may activate/indicated a pair of joint/UL TCI states for STxMP before the earliest group-based beam reporting. UE may not be able to perform STxMP based on the two indicated joint/UL TCI states.
Proposal 2: Support to clarify UE behavior before earliest group-based beam reporting if multipanelScheme is configured.

2.3 Discussion on Power control for STxMP PUSCH
There is one remaining issue on the reporting of power headroom if twoPHRMode is configured
	Agreement
On unified TCI framework extension for S-DCI based MTRP, if twoPHRMode is configured, and two SRS resource sets for CB/NCB and multipanelScheme for SDM/SFN are configured:
· If the UE determines that one or both Type 1 PHRs are based on an actual PUSCH transmission
· If the actual PUSCH transmission applies both first and second indicated joint/UL TCI states, the UE provides the first {power headroom, configured maximum output power} associated with the first indicated joint/UL TCI state for the actual PUSCH transmission, and the second {power headroom, configured maximum output power} associated with the second indicated joint/UL TCI state for the actual PUSCH transmission
· If the actual PUSCH transmission applies only the first indicated joint/UL TCI state, the UE provides the first {power headroom, configured maximum output power} associated with the first indicated joint/UL TCI state for the actual PUSCH transmission 
· FFS: How to provide the second report for a reference PUSCH transmission?
· If the actual PUSCH transmission applies only the second indicated joint/UL TCI state, the UE provides the second {power headroom, configured maximum output power} associated with the second indicated joint/UL TCI state for the actual PUSCH transmission
· FFS: How to provide the first report for a reference PUSCH transmission?
· FFS: If the UE determines that both Type 1 PHRs are based on reference PUSCH transmissions, how to provide the first and second reports for reference PUSCH transmissions, respectively?



If the actual PUSCH transmission applies only the first/second indicated joint/UL TCI state, UE is schedule with STRP transmission not STxMP transmission (i.e., the SRS resource set indicator is not “10”) , according to the agreement above, the UE provides the first {power headroom, configured maximum output power} associated with the first indicated joint/UL TCI state for the actual PUSCH transmission, where the configured maximum output power is related to STRP transmission but may not be the one related to STxMP transmission. In this case, it is not useful to provide the other power headroom and configured maximum output power based on only one reference PUSCH transmission.
In addition, considering the possible dynamic switching between STRP transmission and STxMP transmission, it could be useful for UE to provide PHR for STxMP in this case (i.e., the actual PUSCH transmission applies only the first/second indicated joint/UL TCI state) too, based on reference STxMP PUSCH transmissions. Similarly, UE could provide additional PHR for STRP based on reference PUSCH transmission, if the actual PUSCH transmission applies both first and second indicated joint/UL TCI states (i.e., actual STxMP is scheduled).
On the other hand, if UE determines that both Type 1 PHRs are based on reference PUSCH transmissions, STxMP transmission should be assumed as the reference transmission, then UE could report the first {power headroom} associated with the first indicated joint/UL TCI state for the reference PUSCH transmission, and the second {power headroom} associated with the second indicated joint/UL TCI state for the reference PUSCH transmission.
Proposal 3: To support dynamic switching between STRP transmission and STxMP transmission, UE may need to provide separate PHR for STRP and STxMP.
Proposal 4: For PHR reporting, if twoPHRMode is configured, and two SRS resource sets for CB/NCB and multipanelScheme for SDM/SFN are configured, if the actual PUSCH transmission applies only the first/second indicated joint/UL TCI state, UE does not provide the second report for a reference PUSCH transmission.
Proposal 5: For PHR reporting, if twoPHRMode is configured, and two SRS resource sets for CB/NCB and multipanelScheme for SDM/SFN are configured, if UE determines that both Type 1 PHRs are based on reference PUSCH transmissions, support UE to report the first {power headroom} associated with the first indicated joint/UL TCI state for the reference PUSCH transmission, and the second {power headroom} associated with the second indicated joint/UL TCI state for the reference PUSCH transmission.

3 Conclusion
In this contribution, we provided our views on unified TCI framework extension for multi-TRP, and we have the following observations and proposals:
Observation 1: There still might be some ambiguities on interpretation of [TCI selection field], in particularly on which two indicated joint/DL TCI states are used for selection.
Proposal 1: Support to clarify the relationship between the TimeDurationQCL and beamAppTime and to make sure that the [TCI selection field] provides information to select from two indicated TCI states applied.
Observation 2: NW may activate/indicated a pair of joint/UL TCI states for STxMP before the earliest group-based beam reporting. UE may not be able to perform STxMP based on the two indicated joint/UL TCI states.
Proposal 2: Support to clarify UE behavior before earliest group-based beam reporting if multipanelScheme is configured.
Proposal 3: To support dynamic switching between STRP transmission and STxMP transmission, UE may need to provide separate PHR for STRP and STxMP.
Proposal 4: For PHR reporting, if twoPHRMode is configured, and two SRS resource sets for CB/NCB and multipanelScheme for SDM/SFN are configured, if the actual PUSCH transmission applies only the first/second indicated joint/UL TCI state, UE does not provide the second report for a reference PUSCH transmission.
Proposal 5: For PHR reporting, if twoPHRMode is configured, and two SRS resource sets for CB/NCB and multipanelScheme for SDM/SFN are configured, if UE determines that both Type 1 PHRs are based on reference PUSCH transmissions, support UE to report the first {power headroom} associated with the first indicated joint/UL TCI state for the reference PUSCH transmission, and the second {power headroom} associated with the second indicated joint/UL TCI state for the reference PUSCH transmission.
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