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1 Introduction
Rel-18 MIMO evolution for downlink and uplink will specify extension of the unified TCI framework to MTRP case, UL beam indication enhancements for PUCCH/PUSCH with simultaneous multi-panel UL transmission and power control enhancements. In RAN1 112 meeting [1], the following agreements have been made.
	Agreement 
On unified TCI framework extension for S-DCI based MTRP, a 2-bit [TCI selection field] can be configured by RRC to be present in a DCI format 1_1/1_2 that schedules/activates PDSCH reception (including dynamic PDSCH and SPS PDSCH) according to the followings:
· 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 DMRS port(s) of corresponding PDSCH transmission occasions(s) scheduled/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 DMRS port(s) of corresponding PDSCH transmission occasions(s) scheduled/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/activated by the DCI format 1_1/1_2
· FFS: Whether and how to use the codepoint "11" of the [TCI selection field]
If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2 regardless of threshold, above apply to PDSCH reception(s) scheduled/activated by the DCI format 1_1/1_2. 
· Note: If the UE supports the capability of two default beams for S-DCI based MTRP in FR2, UE uses both indicated joint/DL TCI states to buffer the received signal before a threshold.
If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above apply to the scheduled/activated PDSCH reception when the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is equal to or larger than a threshold
· FFS: How to apply the indicated joint/DL TCI state(s) to the scheduled/activated PDSCH reception if the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is less than a threshold in FR2
FFS: Detail of the capability of two default beams for S-DCI based MTRP 
FFS: The threshold value
Agreement 
On unified TCI framework extension for S-DCI based MTRP, when two SRS resource sets for CB/NCB are configured, support the followings for PUSCH transmission scheduled/activated by a DCI format 0_1/0_2 (including DG and Type2 CG):
· If the DCI format 0_1/0_2 indicates codepoint "00" for the existing SRS resource set indicator, the UE shall apply the first indicated joint/UL TCI state to all PUSCH antenna port(s) of corresponding PUSCH transmission occasions(s)
· If the DCI format 0_1/0_2 indicates codepoint "01" for the existing SRS resource set indicator, the UE shall apply the second indicated joint/UL TCI state to all PUSCH antenna port(s) of corresponding PUSCH transmission occasions(s)
· If the DCI format 0_1/0_2 indicates codepoint "10" or “11” for the existing SRS resource set indicator:
· For TDM based PUSCH Tx scheme, the UE shall apply the first indicated joint/UL TCI state to the PUSCH transmission occasions(s) associated with the first SRS resource set for CB/NCB, and the second indicated joint/UL TCI state to the PUSCH transmission occasions(s) associated with the second SRS resource set for CB/NCB (note: the association between an SRS resource set for CB/NCB and PUSCH transmission occasions(s) is defined according to TS 38.214)
· FFS: SDM and SFN based PUSCH Tx schemes
FFS: The case that the spatial Tx filter(s) determined from the indicated joint/UL TCI state(s) applied to a PUSCH transmission is different from the spatial Tx filter(s) used for the SRS transmission corresponding to the SRS resource(s) indicated to the PUSCH transmission
Agreement 
On unified TCI framework extension, if an indicated joint/UL TCI state(s) applies to a PUSCH/PUCCH/SRS transmission occasion(s) or antenna port(s), the UE shall determine UL Tx power for the PUSCH/PUCCH/SRS transmission occasion(s) or antenna port(s) based on the UL PC parameter setting for PUSCH/PUCCH/SRS, if any, and the PL-RS included in the indicated joint/UL TCI state
· FFS: For STxMP, the maximum Tx power when the UE determines UL Tx power for the PUSCH/PUCCH transmission occasion(s) or antenna port(s) (discussed after receiving RAN4 reply on UE power limitation for STxMP in FR2)
· FFS: Default UL PC parameter setting(s) if one or both of indicated joint/UL TCI states applied to PUSCH/PUCCH/SRS transmission occasion(s) or antenna port(s) does/do not include the UL PC parameter setting(s) for PUCCH/PUSCH/SRS
Agreement 
On unified TCI framework extension for M-DCI based MTRP, down-select from the following options for PUCCH transmission:
· Opt1: A coresetPoolIndex value can be provided per PUCCH resource/resource group, and the UE shall apply the indicated joint/UL TCI state specific to the coresetPoolIndex value to the corresponding PUCCH transmission
· Opt2: An RRC configuration can be provided per PUCCH resource/resource group to inform that the UE shall apply the first or the second indicated joint/UL TCI state to the corresponding PUCCH transmission, where the first and the second indicated joint/DL TCI states correspond to the indicated joint/UL TCI states specific to coresetPoolIndex value 0 and value 1, respectively.
· Opt3: For a PUCCH transmission triggered by PDCCH on a CORESET when the UCI in the PUCCH transmission carries HARQ-ACK information only, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to the PUCCH transmission, where the coresetPoolIndex value is determined from the one associated with the CORESET. Otherwise, either Opt1 or Opt2 is adopted.
· FFS: Whether Opt3 applies only when the UE is not provided with ackNackFeedbackMode = joint
· Opt4: For a PUCCH transmission with an LRR trigged for either the first BFD-RS set () or the second BFD-RS set () when the UE is provided only one or two schedulingRequestID-BFR configuration, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to the PUCCH transmission, where the coresetPoolIndex value is 1 when the LRR is trigged for the first BFD-RS set () and the coresetPoolIndex value is 0 when the LRR is trigged for the second BFD-RS set (). Otherwise, either Opt1 or Opt2 is adopted.
Note: Either Opt1 or Opt2 must be supported
Agreement 
On unified TCI framework extension for S-DCI based MTRP, down-select at least one of the followings for PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured w/o the [TCI selection field]:
· Alt1: Using RRC configuration to inform that the UE shall apply the first one, the second one, or both of two indicated joint/DL TCI states to the scheduled/activated PDSCH reception
· Alt2: The UE shall apply the first one of two indicated joint/DL TCI state(s) to the scheduled/activated PDSCH reception
· Alt3: The UE shall apply both of two indicated joint/DL TCI states to the scheduled/activated PDSCH reception
· Alt3A: The UE shall apply the same joint/DL TCI state(s) that is applied to the PDCCH reception with the scheduling/activation DCI to the scheduled/activated PDSCH reception
· Alt4: Which indicated joint/DL TCI state(s) is/are applied to the scheduled/activated PDSCH reception is determined according to the existing TCI field of the most recently applied beam indication DCI
Above applies at least if the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is equal to or larger than a threshold (if the threshold is needed)


In this paper, we discuss possible enhancements on these scopes in more details.

2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
2.1 TCI field and TCI selection field in S-DCI based MTRP
For S-DCI based MTRP, it was agreed to have a 2-bit [TCI selection field] 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 agreement, 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. For the beam selection functionality, even three out of four codepoints had been defined, there still might be some ambiguities. For example, the following interpretations are all possible,
· TCI field and [TCI selection field] are in the same DCI, and [TCI selection field] provides information to 
· Alt1: select from the indicated TCI states indicated via the TCI field in the same DCI
· Alt2: select from the indicated TCI states indicated via the TCI field in the previous/latest DCI
· TCI field and TCI selection field are NOT in the same DCI, e.g., TCI field is NOT present, and [TCI selection field] provides information to
· Alt3: select from the applied TCI states, which are applied prior to the reception of the first DCI
· Alt4: select from the applied TCI states, which will be applied after the reception of the first DCI
In addition, even TCI field and TCI selection field are in the same DCI, and Alt 1 above is used to interpret the TCI state selection, there might be some ambiguities, if taking application timing into account. This is because the application timing of TCI field is related to beamAppTime after ACK, and the application timing of [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 applied, but indicated TCI states via the TCI field has been applied
· If t1 + TimeDurationQCL < t1 + N + beamAppTime, there would be a time duration that [TCI selection] has been applied, but indicated TCI states via the TCI field has NOT been applied
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 consider the relationship between the application timing of TCI field and [TCI selection field] and to make sure that the [TCI selection field] provides information to select from two indicated TCI states applied.
For the case that the [TCI selection field] is not provided, RRC configuration can be used to inform that the UE shall apply the first one, the second one, or both of two indicated joint/DL TCI states to the scheduled/activated PDSCH reception, i.e., as Alt 1 in RAN1 112 [1]. In addition, if RRC configuration is also not provided, UE shall always apply two TCI states if indicated, i.e., as Alt 3 in RAN1 112 [1].
Proposal 2: Support RRC configuration (i.e., Alt 1 from RAN1 112 meeting) for PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured w/o the [TCI selection field]. If RRC configuration is also not provided, support Alt 3.

2.2 TCI state for SRS, and PUSCH
In Rel-17, the RRC IE ‘followUnifiedTCIstateSRS’ is configured per SRS resource set to enable common beam operation for SRS transmission. Similarly as the association considered for PDCCH reception, the extension of ‘followUnifiedTCIstateSRS’ is also needed for SRS configuration to inform UE shall apply the first one, the second one, both, or none of the joint/UL TCI states for the target SRS resource set. 
Proposal 3: Support to extend RRC IE ‘followUnifiedTCIstateSRS’ to inform UE shall apply the first one, the second one, both, or none of the joint/UL TCI states for the target SRS resource set for CB and NCB based PUSCH transmission.
It is agreed to use an indicator field in the DCI format 0_1/0_2 to inform which joint/UL TCI state(s) indicated by MAC-CE/DCI the UE shall apply to PUSCH transmission scheduled/activated by the DCI format 0_1/0_2. However, for CB-based and NCB-based PUSCH transmission, it should be noted that SRI fields in DCI format 0_1/0_2 also provide information about UL beams of indicated SRS resources, which need to be aligned with the UL beams used to transmit PUSCH. Not only the application of new beams for PUSCH, but also the application of new beams for SRS transmission should be considered. 
Proposal 4: UL beams for PUSCH transmissions and associated SRS transmissions should be aligned.
In addition, unified TCI state is used to provide power control related parameters, for example, when indicated joint or UL TCI state is associated with an UL PC parameter setting for PUSCH /PUCCH (including P0, alpha for PUSCH , and closed loop index) and a PL-RS, the UE should apply the UL PC parameter setting and the PL-RS for the PUSCH /PUCCH transmission occasion. 
However, for PUSCH transmission, the codepoint value of SRI field indicated in DCI corresponds a sri-PUSCH-PowerControlId and also points to a UL PC parameter setting configured via RRC.
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Figure 1 two possible PC parameter setting
Based on the above discussion, there may be two UL PC parameters settings (one by indicated unified TCI state and the other by indicated SRI in UL grant) which may cause ambiguity at UE. Studies may be needed to align those two possible PC parameter settings.
Proposal 5: The UL PC parameter setting for PUSCH associated with indicated unified TCI state and the UL PC parameter setting for PUSCH indicated via the codepoint value of SRI field in DCI should be aligned.

2.3 TCI state for PDSCH-CJT
For PDSCH-CJT, it is agreed that up to two indicated joint/DL TCI states can be supported based on UE capability. However, it should be noted that when PDSCH is transmitted in CJT mode, PDCCH/PUCCH/PUSCH is not in CJT. The simplest assumption is that PDCCH/PUCCH/PUSCH is still associated with a single TRP, which may be a reference TRP. In this case, a reference TCI state applied to PDCCH/PUCCH/PUSCH transmission needs to be defined out of the two indicated joint/DL TCI states for PDSCH-CJT.
Proposal 6: Support to define a reference TCI state for PDCCH/PUCCH/PUSCH when two joint TCI states indicated for PDSCH-CJT.
Furthermore, for PDSCH-CJT, if the reference signals configured in indicated TCI states refer to CSI-RS for CJT or TRS, it is possible that the QCL parameters (large scale properties like delay or doppler) are different for PDSCH-CJT reception and for CJT-CSI measurement or for previous TRS measurement, since NW may adjust its transmission from some of TRPs to make the signals coherent. It could be useful if an indication is provided to UE about whether NW adjustment has been adopted or not since the last reference signal measurement or report, therefore UE can decide whether to apply delay or Doppler measured by CJT CSI-RS or TRS to receive PDSCH-CJT.
Proposal 7: Support to include indication of NW adjustment for PDSCH-CJT as a part of QCL indication.
On the other hand, if two indicated joint/DL TCI states are provided for PDSCH-CJT, one of them can the reference for PDSCH reception, which is associated with the CJT CSI-RS, and the other can be used to provide additional information like NW has adopted some compensation since last CJT CSI-RS transmission. For example, the reference TCI state is associated with the reference TRP and additional TCI state can be associated with the TRP with an extended delay.
Proposal 8: The additional TCI state for PDSCH-CJT only provides additional QCL information when NW adjustment has been applied since last CJT CSI-RS.

3 Conclusion
In this contribution, we provided our views on unified TCI framework extension for multi-TRP, and we have the following observation 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 consider the relationship between the application timing of TCI field and [TCI selection field] and to make sure that the [TCI selection field] provides information to select from two indicated TCI states applied.
Proposal 2: Support RRC configuration (i.e., Alt 1 from RAN1 112 meeting) for PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured w/o the [TCI selection field]. If RRC configuration is also not provided, support Alt 3.
Proposal 3: Support to extend RRC IE ‘followUnifiedTCIstateSRS’ to inform UE shall apply the first one, the second one, both, or none of the joint/UL TCI states for the target SRS resource set for CB and NCB based PUSCH transmission.
Proposal 4: UL beams for PUSCH transmissions and associated SRS transmissions should be aligned.
Proposal 5: The UL PC parameter setting for PUSCH associated with indicated unified TCI state and the UL PC parameter setting for PUSCH indicated via the codepoint value of SRI field in DCI should be aligned.
Proposal 6: Support to define a reference TCI state for PDCCH/PUCCH/PUSCH when two joint TCI states indicated for PDSCH-CJT.
Proposal 7: Support to include indication of NW adjustment for PDSCH-CJT as a part of QCL indication.
Proposal 8: The additional TCI state for PDSCH-CJT only provides additional QCL information when NW adjustment has been applied since last CJT CSI-RS.
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