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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 112bis-e meeting [1], the following conclusions and agreements have been made.
	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

Agreement
On unified TCI framework extension, the Rel-17 timeline for updating the indicated joint/DL/UL TCI state(s) is retained, i.e., the indicated joint/DL/UL TCI state(s) applied to the DL reception or UL transmission in each slot is updated based on the Rel-17 beam application time

Agreement
On unified TCI framework extension for S-DCI based MTRP, the UE shall apply the first indicated joint/UL TCI state to PUSCH transmission(s) scheduled/activated by DCI format 0_0 (including DG and Type2 CG)

Agreement
On unified TCI framework extension for S-DCI based MTRP, an RRC configuration is provided to a Type1 CG configuration to inform that the UE shall apply the first, the second, or both indicated joint/UL TCI states to the corresponding CG-PUSCH transmission
· If the first or the second indicated joint/UL TCI state is applied, the UE shall apply the first or the second indicated joint/UL TCI state to all PUSCH antenna port(s) of corresponding PUSCH transmission occasions(s)
· If both indicated joint/UL TCI states are applied:
· 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 
· FFS: SDM and SFN based PUSCH Tx schemes

Agreement
On unified TCI framework extension for S-DCI based MTRP, PDSCH-CJT Tx scheme is RRC-configured, and dynamic switching between PDSCH-CJT and other S-DCI based PDSCH Tx schemes is not supported

Agreement
If the UE is configured with SSB-MTC-AdditionalPCI and receives TCI state activation command (MAC-CE) that activates a set of joint/DL /UL TCI state(s) specific to each coresetPoolIndex value for M-DCI based MTRP in unified TCI framework extension, the activated joint/DL /UL TCI state(s) specific to one coresetPoolIndex value is associated with the serving cell PCI and the activated joint/DL /UL TCI state(s) specific to another coresetPoolIndex value can be associated with a PCI other than the serving cell PCI . 
· Note: How to implement above in specification is up to spec editor

Agreement
On unified TCI framework extension for M-DCI based MTRP , after NW response to TRP-specific BFR request to a BFD-RS set associated with a coresetPoolIndex value, QCL assumption/spatial Tx filter/PL-RS for channel(s)/signal(s) that applies the indicated joint/DL /UL TCI state specific to the coresetPoolIndex value are updated according to the new beam (q new ) corresponding to the BFD-RS set. 

Agreement
On unified TCI framework extension for S-DCI based MTRP, the presence of the [TCI selection field] can be RRC-configured per DL BWP
· FFS: Whether the presence of the [TCI selection field] can be configured individually for DCI format 1_1 and DCI format 1_2 in the same DL BWP

Agreement
On unified TCI framework extension for S-DCI based MTRP operation, support the followings:
· For a serving cell configured with joint DL/UL TCI mode, a full-set or any sub-set of {first joint TCI state, second joint TCI state} can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 by TCI state activation command (MAC-CE)
· For a serving cell configured with separate DL/UL TCI mode, a full-set or any sub-set of {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state} can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 by TCI state activation command (MAC-CE)
· TCI state activation command (MAC-CE) should indicate that each joint/DL/UL TCI state mapped to a TCI codepoint is the first or second joint/DL/UL TCI state (detail on how to indicate above is up to RAN2 design)
· The first/second indicated joint/DL/UL TCI state(s) is updated according to the corresponding first/second joint/DL/UL TCI state(s) mapped to the TCI codepoint received by the UE
· If the UE receives a TCI codepoint mapped with a sub-set of {first joint TCI state, second joint TCI state} or {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state}, the UE shall update the first/second indicated joint/DL/UL TCI state(s) according to the first/second joint/DL/UL TCI state(s) in the subset and keep other indicated first/second joint/DL/UL TCI state(s) that is not updated by the received TCI codepoint

Agreement
On unified TCI framework extension for M-DCI based MTRP, support at least Opt2 for PUCCH transmission, and Opt1 is not supported
· Note: Opt3 and Opt4 are not precluded

Conclusion
On unified TCI framework extension for S-DCI based MTRP, there is no consensus in RAN1 on whether to reuse the Rel-17 RRC parameter followUnifiedTCIstate as a part of the RRC configuration that informs the UE shall apply the first one, the second one, both, or none of the indicated joint/DL TCI states to a CORESET
· Above does not impact how RAN2 writes their specifications 

Agreement
On unified TCI framework extension for S-DCI based MTRP, an RRC configuration can be provided in CSI-AssociatedReportConfigInfo of CSI-AperiodicTrigger State for each CSI-RS resource set or for each CSI-RS resource in each aperiodic CSI-RS resource set to inform that the UE shall apply the first or the second indicated joint/DL TCI state to the CSI-RS resource if the aperiodic CSI-RS resource set for CSI/BM is configured to follow unified TCI state
· Above applies at least if the offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in the aperiodic CSI-RS resource set is equal to or larger than a threshold (if the threshold is needed)
· FFS: If the UE is configured for CSI-RS resource set, for an aperiodic CSI-RS resource set configured with two Resource Groups for NCJT CSI and configured to follow unified TCI state, if above RRC configuration is not provided to the aperiodic CSI-RS resource set, the UE shall apply the first indicated joint/DL TCI state to the CSI-RS resource(s) in Group 1 and the second indicated joint/DL TCI state to the CSI-RS resource(s) in Group 2.
· ‘per CSI-RS resource set’ or ‘per CSI-RS resource’ is up to UE capability

Agreement
On unified TCI framework extension, support the following cases for CA operation:
· A set of CCs configured for common TCI state ID activation/update can include CC(s) operating in S-DCI based MTRP
· A set of CCs configured for common TCI state ID activation/update can include CC(s) operating in M-DCI based MTRP
· FFS: A set of CCs configured for common TCI state ID activation/update can include CC(s) operating in STRP and CC(s) operating in S-DCI based MTRP
· FFS: How to support common TCI state ID activation/update for this case
· FFS: A set of CCs configured for common TCI state ID activation/update can include CC(s) operating in STRP and CC(s) operating in M-DCI based MTRP
· FFS: How to support common TCI state ID activation/update for this case
· FFS: A set of CCs configured for common TCI state ID activation/update can include CC(s) operating in S-DCI based MTRP and CC(s) operating in M-DCI based MTRP
· FFS: How to support common TCI state ID activation/update for this case
· FFS: A set of CCs configured for common TCI state ID activation/update can include CC(s) operating in STRP, CC(s) operating in S-DCI based MTRP, and CC(s) operating in M-DCI based MTRP
· FFS: How to support common TCI state ID activation/update for this case

Agreement
On unified TCI framework extension for M-DCI based MTRP, an RRC configuration is provided to a Type1 CG configuration to inform that the UE shall apply the first or the second indicated joint/UL TCI state to the corresponding CG-PUSCH 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.



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, 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 clarify 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.
To handle the remaining issue when 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 [2]. 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 [2].
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].

2.2 TCI state for SRS, and PUSCH
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. 
Observation 2: UL beams for PUSCH transmissions and associated SRS transmissions should be aligned.
In last meeting [1], many companies are OK to have the following conclusion as the alignment method, which suggests that the spatial Tx filter(s) determined from the indicated TCI states could override spatial Tx filter(s) determined from SRS resources. To our understanding, it could be useful to have an agreement other than a conclusion to clarify UE behaviour in this scenario.
	RAN1 112bis-e discussed possible Conclusion: On unified TCI framework extension, for a PUSCH transmission, the UE shall apply the spatial Tx filter(s) determined from the indicated joint/UL TCI state(s) applying to the PUSCH transmission regardless of whether the determined spatial Tx filter(s) is the same or different from the spatial Tx filter(s) used for the SRS transmission(s) corresponding to the SRS resource(s) indicated to the PUSCH transmission


Proposal 3: Support that UE shall apply the spatial Tx filter(s) determined from the indicated joint/UL TCI state(s) applying to the PUSCH transmission regardless of whether the determined spatial Tx filter(s) is the same or different from the spatial Tx filter(s) used for the SRS transmission(s) corresponding to the SRS resource(s) indicated to the PUSCH transmission.

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 4: 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 5: 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 6: The additional TCI state for PDSCH-CJT only provides additional QCL information when NW adjustment has been applied since last CJT CSI-RS.

2.4 Power control for STxMP PUSCH
According to recent RAN4 LS reply [4], both per-panel and per-UE power constraints are feasible, and both assumptions shall be applied to the same UE. 
Since per-panel power limitation (or in RAN4 LS, per-TCI power requirement) might be introduced to support STxMP, the following aspects may be impacted.
· Pcmax configuration: per panel Pcmax might be configured to control the maximum UL power per panel
· PHR calculation: two Pcmax and two PHs might be needed in PHR, one for each panel
· DMRS-PUSCH power ratio: PUSCH-to-DMRS EPRE ratio is based on the number of DM-RS CDM groups without data per panel
· PUSCH-to-PTRS power ratio: PUSCH-to-PTRS power ratio per layer per RE is based on the number of PUSCH layers assigned to one panel
Proposal 7: Study STxMP power control with both per UE and per panel power constraints, including the possible impacts on Pcmax configuration, PHR, PUSCH-to-DMRS EPRE ratio, PUSCH-to-PTRS power ratio per layer per RE. 

3 Conclusion
[bookmark: _GoBack]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.
Observation 2: UL beams for PUSCH transmissions and associated SRS transmissions should be aligned.
Proposal 1: Support to clarify 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]. 
Proposal 3: Support that UE shall apply the spatial Tx filter(s) determined from the indicated joint/UL TCI state(s) applying to the PUSCH transmission regardless of whether the determined spatial Tx filter(s) is the same or different from the spatial Tx filter(s) used for the SRS transmission(s) corresponding to the SRS resource(s) indicated to the PUSCH transmission.
Proposal 4: Support to define a reference TCI state for PDCCH/PUCCH/PUSCH when two joint TCI states indicated for PDSCH-CJT.
Proposal 5: Support to include indication of NW adjustment for PDSCH-CJT as a part of QCL indication.
Proposal 6: The additional TCI state for PDSCH-CJT only provides additional QCL information when NW adjustment has been applied since last CJT CSI-RS.
Proposal 7: Study STxMP power control with both per UE and per panel power constraints, including the possible impacts on Pcmax configuration, PHR, PUSCH-to-DMRS EPRE ratio, PUSCH-to-PTRS power ratio per layer per RE. 
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