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1. Introduction
In RAN1#114[1], following agreements on unified TCI framework extension for multi-TRP have been made. 
	Agreement
· Proposal 4.5 in R1-2310206 is agreed for the editor’s CR.
Agreement
On unified TCI framework extension, if the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of AP CSI-RS for BM/CSI is smaller than a threshold for AP CSI-RS reception:
· If there is other DL signal in the same symbols as the AP CSI-RS, the UE applies the QCL assumption of the other DL signal also when receiving the AP CSI-RS
· For S-DCI based MTRP operation, if there is a PDSCH applying two indicated TCI states in the same symbols as the AP CSI-RS, the UE applies the first indicated TCI state of the two indicated TCI states when receiving the AP CSI-RS the first or the second indicated joint/DL TCI state to the AP CSI-RS according to the higher layer configuration(s) provided to the AP CSI-RS resource or to the aperiodic CSI-RS resource set.
· Rel-17 definitions of “other DL signal” specified in TS 38.214 for AP CSI-RS reception in S-DCI based MTRP operations and M-DCI based MTPR operation are retained.
Agreement
On unified TCI framework extension for M-DCI based MTRP, if the scheduling offset between the last symbol of the PDCCH carrying a scheduling DCI and the first symbol of the scheduled PDSCH is smaller than a threshold:
· If the UE doesn’t support the capability of default beam per coresetPoolIndex for M-DCI based MTRP in FR2:
· The UE shall apply the indicated joint/DL TCI state specific to coresetPoolIndex value 0 to the scheduled PDSCH reception
· The UE doesn’t expect to be scheduled with PDSCH with scheduling offset less than a threshold of the PDSCH if scheduled by a CORESET associated with coresetPoolIndex value 1 
· Note: If the UE supports the capability of default beam per coresetPoolIndex for M-DCI based MTRP in FR2, UE can use both indicated joint/DL TCI states to buffer the received signal before a threshold.
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 only one Type 1 PHR is based on an actual PUSCH transmission
· If the actual PUSCH transmission applies only the first indicated joint/UL TCI state, the UE provides the second {power headroom, configured max output power} associated with the second indicated joint/UL TCI state for a reference PUSCH transmission 
· If the actual PUSCH transmission applies only the second indicated joint/UL TCI state, the UE provides the first {power headroom, configured max output power} associated with the first indicated joint/UL TCI state for a reference PUSCH transmission
· If the UE determines that both Type 1 PHRs are based on reference PUSCH transmissions, the UE provides the first {power headroom, configured max output power} associated with the first indicated joint/UL TCI state for a reference PUSCH transmission, and the second {power headroom, configured max output power} associated with the second indicated joint/UL TCI state for another reference PUSCH transmission
· FFS: Whether the configured max output power reported in above cases is per UE or per panel or both
· Down-select one of the following alternatives to be reported along with the power headroom for a reference PUSCH transmission:
· Alt1: Per-panel configured max output power
· Alt2: Per-UE configured max output power
· Alt3: Both per-panel configured max output power and per-UE configured max output power
· Alt4: None


In this contribution, we further discuss enhancements on unified TCI framework for multi-TRP based on those agreements.
2. [bookmark: OLE_LINK27][bookmark: OLE_LINK8][bookmark: OLE_LINK26]Discussion
2.1. Extension of Unified TCI Framework
In RAN1 #113 meeting, it was agreed that for both S-DCI and M-DCI based MTRP operations, if a P/SP/AP SRS resource set for CB/NCB/AS or an AP SRS resource set for BM is configured to follow unified TCI state, an RRC configuration can be provided to the SRS resource set to inform that the UE shall apply the first or the second indicated joint/UL TCI state to the SRS resource set. 
However, for S-DCI based MTRP operation, if the RRC configuration is not provided to the SRS resource set and two SRS resource sets for CB/NCB are configured, it is necessary to define the default beams for the two SRS resource sets. In detail, the first indicated UL/joint TCI state is applied to the first SRS resource set and the second indicated UL/joint TCI state is applied to the second SRS resource set.
Based on the above elaborations, we have the following text proposals.
TP 1: {36.2.1	UE sounding procedure}
	<Unchanged part omitted>
When the UE is configured dl-OrJointTCI-StateList or TCI-UL-State and is having two indicated TCI-States or TCI-UL-States, and if the UE is configured with [[followUnifiedTCI-StateSRS]] to, a periodic, semi-persistent or aperiodic SRS resource set with higher layer parameter usage in SRS-ResourceSet set to ‘codebook’, ‘nonCodebook’ or ‘antennaSwitching’ or to an aperiodic SRS resource set with higher layer parameter usage in SRS-ResourceSet set to ‘beamManagement’ 
-	The UE may be configured by higher layer parameter applyIndicatedTCIState to the SRS resource set to indicate whether the UE shall apply the first or the second indicated TCI-State or TCI-UL-State to the SRS resource set. 
-	When a UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in ControlResourceSet, the first and second indicated TCI-States or TCI-UL-States correspond to the indicated TCI-States or TCI-UL-States specific to coresetPoolIndex value 0 and value 1, respectively. 
-	When the SRS resource set(s) is not configured with higher layer parameter applyIndicatedTCIState, the UE shall apply the first indicated TCI-State or TCI-UL-State to the first SRS resource set, and/or the second indicated TCI-State or TCI-UL-State to the second SRS resource set.
<Unchanged part omitted>


In RAN1 #112b-e meeting, the following conclusion was made on dynamic switching between single-TRP operation and multi-TRP operation for S-DCI based operation.
	Conclusion
On unified TCI framework extension for S-DCI based MTRP operation, there is no consensus to support dynamic switching between single-TRP operation and multi-TRP operation for channels/signals based on the number of TCI states mapped to the received TCI codepoint in DCI format 1_1/1_2
· FFS: How to switch between Rel-17 sTRP operation and Rel-18 mTRP operation


In Rel-16, dynamic switching between single-TRP and multi-TRP for PDSCH is achieved by indicating one TCI codepoint comprising one or two TCI states. In Rel-17, dynamic switching between single-TRP and multi-TRP for PUSCH is achieved by the indication of SRS Resource Set indicator field in DCI. For unified TCI of multi-TRP, since different channels/singnals can share the same TCI state, if TCI codepoint comprising two TCI states (e.g. separate DL TCI-State or joint TCI-State) is indicated, UE can not determined whether the multi-TRP DL operation is PDSCH or PDCCH. 
For multi-TRP PDCCH, there are multi-TRP PDCCH repetition and HST-SFN scheme based PDCCH. For dynamic switching between single-TRP and multi-TRP PDCCH, dynamic switching between single-TRP PDCCH and multi-TRP PDCCH repetition should be considered. However, since multi-TRP PDCCH repetition is supported by linking two SS sets by RRC configuration (e.g. SearchSpaceLinkingId), UE can not dynamically switch between single-TRP PDCCH and multi-TRP PDCCH repetition with the number of TCI state and SearchSpaceLinkingId. If an indicator is included in DCI or MAC CE to indicate the PDCCH scheme (e.g. single-TRP PDCCH or multi-TRP PDCCH repetition), dynamic switching between single-TRP PDCCH and multi-TRP PDCCH repetition can be achieved.
Proposal 1: An indicator can be included in DCI or MAC CE to indicate dynamic switching between single-TRP PDCCH and multi-TRP PDCCH repetition.
2.2. PHR report for S-DCI based and M-DCI based STxMP
In the current specification, a power headroom report could be triggered if the path loss has changed more than phr-Tx-PowerFactorChange dB for the pathloss reference for one activated Serving Cell since the last transmission of a PHR. 
For STxMP, if path loss variation is based the pathloss references in one cell rather than the pathloss reference per panel, the pathloss reference associated with one panel may trigger the power headroom report associated with the other panel, which is not efficient for PHR report. Therefore, for STxMP, path loss variation should be considered independently per panel. In detail, path loss variation can be determined based on the pathloss references associated with the first/second indicated TCI state. Therefore, we support PHR triggering per panel for both S-DCI based and M-DCI based STxMP.
Proposal 2: Support PHR triggering per panel for both S-DCI based and M-DCI based STxMP.
In the current specification, if a UE is provided twoPHRMode, and is provided two SRS resource sets of serving cell , the UE provides two Type 1 PHRs on one PUSCH. 
For M-DCI based MTRP operation with non-ideal backhaul deployment, if a UE is provided twoPHRMode, two PHRs associated with two panels reported on one PUSCH targeting one TRP is not efficient. In this case, PHR can be reported separately on the associated PUSCH targeting the corresponding TRP, which can reduce the latency in term of exchanging PHRs between two TRPs. On the other hand, for M-DCI based MTRP operation with ideal backhaul deployment, if a UE is provided twoPHRMode, two PHRs associated with two panels can be reported jointly on one PUSCH targeting either TRP. Therefore, for M-DCI based MTRP operation, two PHRs can be reported separately on the associated PUSCH and jointly on one PUSCH.
Proposal 3: For M-DCI based MTRP operation, two PHRs can be reported separately on the associated PUSCH and jointly on one PUSCH.
For M-DCI based STxMP, two PUSCHs overlapping in time domain are transmitted from different UE panels. If a UE is provided twoPHRMode and two PHRs are reported jointly on one PUSCH, UE should select one PUSCH from two overlapping PUSCHs to report two PHRs. There may have two alternatives to select one PUSCH to report two PHRs:
· Alt1: The PUSCH starting earlier
· Alt2: The PUSCH scheduled by an earlier DCI 
Proposal 4: For M-DCI based MTRP operation, there may have two alternatives to select one PUSCH to report two PHRs:
· Alt1: The PUSCH starting earlier
· Alt2: The PUSCH scheduled by an earlier DCI 
3. Conclusion
[bookmark: OLE_LINK40][bookmark: OLE_LINK39][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK6][bookmark: OLE_LINK5]In this contribution, we discuss potential enhancements on multi-TRP using Rel-17 unified TCI framework. Based on the discussion above, we provide the following proposals:
TP 1: {36.2.1	UE sounding procedure}
	<Unchanged part omitted>
When the UE is configured dl-OrJointTCI-StateList or TCI-UL-State and is having two indicated TCI-States or TCI-UL-States, and if the UE is configured with [[followUnifiedTCI-StateSRS]] to, a periodic, semi-persistent or aperiodic SRS resource set with higher layer parameter usage in SRS-ResourceSet set to ‘codebook’, ‘nonCodebook’ or ‘antennaSwitching’ or to an aperiodic SRS resource set with higher layer parameter usage in SRS-ResourceSet set to ‘beamManagement’ 
-	The UE may be configured by higher layer parameter applyIndicatedTCIState to the SRS resource set to indicate whether the UE shall apply the first or the second indicated TCI-State or TCI-UL-State to the SRS resource set. 
-	When a UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in ControlResourceSet, the first and second indicated TCI-States or TCI-UL-States correspond to the indicated TCI-States or TCI-UL-States specific to coresetPoolIndex value 0 and value 1, respectively. 
-	When the SRS resource set(s) is not configured with higher layer parameter applyIndicatedTCIState, the UE shall apply the first indicated TCI-State or TCI-UL-State to the first SRS resource set, and/or the second indicated TCI-State or TCI-UL-State to the second SRS resource set.
<Unchanged part omitted>


[bookmark: _GoBack]Proposal 1: An indicator can be included in DCI or MAC CE to indicate dynamic switching between single-TRP PDCCH and multi-TRP PDCCH repetition.
Proposal 2: Support PHR triggering per panel for both S-DCI based and M-DCI based STxMP.
Proposal 3: For M-DCI based MTRP operation, two PHRs can be reported separately on the associated PUSCH and jointly on one PUSCH.
Proposal 4: For M-DCI based MTRP operation, there may have two alternatives to select one PUSCH to report two PHRs:
· Alt1: The PUSCH starting earlier
· Alt2: The PUSCH scheduled by an earlier DCI 
4. Reference
[1] Draft Minutes report of 3GPP TSG RAN WG1 #114b v0.1.0, Chairman, RAN1#114b, 9th - 13th August, 2023

