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Introduction
In RAN1#112bis e-meeting, the following agreements were approved for unified TCI framework extension for multi-TRP
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
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)
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 contribution, we provide our views on applying the unified TCI framework for multi-TRP downlink and uplink transmission.
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· For the TCI field and TCI selection field in the DCI, how to address the absence of TCI selection field has been discussed in last meeting. However, the case that when the TCI field is absent, and the TCI selection field is present should be further clarified since it is unclear if the TCI selection field can indicate the first TCI state, the second TCI state, or both TCI state from the MAC CE or apply the default TCI state to a UE regardless of the TCI selection field. The following alternatives can be considered to address the case that the TCI field is absent, and the TCI selection field is present.
· Alt.1: A UE is not expected to be configured with the [TCI selection field] without the presence of the TCI field.
· Alt.2: If the TCI field is absent, and the [TCI selection field] is present, a UE applies the [TCI selection field] based on the activated TCI states from MAC CE.
· Alt.3: If the TCI field is absent, and the [TCI selection field] is present, a UE applies the [TCI selection field] based on the activated TCI states from RRC configuration.
· Alt.4: If the TCI field is absent, a UE always applies the default TCI state(s) regardless of whether the [TCI selection field] is present.
From the alternatives listed as above, we prefer Alt.1 to ensure the confusion caused from the RRC configuration.
· It was agreed that the TCI selection field can be RRC configured per DL BWP, so the TCI selection field should be present or absent simultaneously for DCI formats configured in the same DL BWP; Otherwise, the TCI selection field is configured per search space. Thus, the presence of the [TCI selection field] should not be configured individually for DCI format 1_1 and DCI format 1_2 in the same BWP.
Further discuss the case that the TCI field is absent in a DCI format 1_1/DCI format 1_2, and the [TCI selection field] is present in the DCI format 1_1/DCI format 1_2.
A UE is not expected to be configured with the [TCI selection field] without the presence of the TCI field.
The individual configuration for the presence of the [TCI selection field] for DCI format 1_1 and DCI format 1_2 in the same BWP should not be allowed.
Simultaneous TCI update for multiple CCs
· If there are multiple cells configured to a UE, it is not necessary to configure same number of TRPs for each CC, which results in some cells in a CC list corresponding to sTRP operation and some other CCs in a CC list corresponding to mTRP operation. However, it is difficult to update TCI state simultaneously when multiple CCs with different number of TRPs are configured in the same list, so a CC list corresponding to same number of supported TRP scheme is preferred. For example, CC list#1 only includes CCs operating in sTRP and CC list#2 only includes CCs operating in mTRP. 
· However, if a CC list with CCs operating in both sTRP and mTRP is agreed, how to associate the CC operating in sTRP or mTRP with the reference cell in a CC list needs to be specified. On one hand, it is required to configure more than one reference cells in a CC list to ensure that a CC operating in mTRP can update its TCI state based on the reference cell operating in mTRP, and the details can be found in Figure 1. On the other hand, if only one reference cell is configured, the CC operating in mTRP should be the chosen reference cell to ensure that the other CC operating in mTRP in the same CC list can update its TCI state based on the reference cell. In addition, for the CC operating in sTRP, which TCI state (i.e., the first TCI state or the second TCI state indicated for the CC operating in mTRP) is updated should be further specified, and the details can be found in Figure 2.
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Figure 1. More than one reference cells in a CC list
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Figure 2. The CC operating in mTRP as the reference cell in a CC list
When simultaneous TCI update for multiple CCs is applied, a CC list including CCs with same number of TRP is preferred.
The reference cell in a CC list with CCs operating in sTRP and mTRP needs to be specified.
Consider using more than one reference cells to update the TCI state in a CC list.
Consider using a CC operating in mTRP as the reference cell in a CC list. 
Uplink Power Control in a Unified TCI Framework 
In Rel-17, TRP-specific power control is supported for uplink mTRP schemes, and the uplink power control parameters can be derived based on the spatial relation information. In Rel-18, the unified TCI framework is expected to be extended for uplink mTRP schemes and STxMP scheme. 
Since two sets of power control parameters are supported for the PUSCH transmission toward different TRPs, e.g., TDM based UL multi-TRP or STxMP, the power headrooms calculated based on different power control parameters are different. In addition, different TRPs are located in different geographies. As a result, the channel properties between a UE and different TRPs are different. Rel-17 TDM based UL multi-TRP supports reporting two PHRs associated with a first PUSCH occasion corresponding to each TRP to NW. However, the transmit power limitation between TDM based multi-TRP and STxMP may be different. Thus, the enhancement of PHR for STxMP may be needed.
Moreover, as uplink power control is a fundamental feature for uplink transmission and RAN1 has already agreed to consider Rel-16/17 inter-cell mTRP schemes on unified TCI framework extension, it is expected that the uplink power control design in the unified TCI framework for UL mTRP transmission will be extended from the single cell mTRP scheme to inter-cell mTRP scheme. The inter-cell mTRP scheme includes the intra-node inter-cell case and inter-node inter-cell case. The intra-node inter-cell case can be further classified into the intra-CU intra-DU inter-cell case and the intra-CU inter-DU inter-cell case. 
· Single cell mTRP scheme
· Inter-cell mTRP scheme
· Intra-node 
· Intra-CU intra-DU
· Intra-CU inter-DU
· Inter-node
Since it was agreed that RAN1 should study the inter-cell mTRP scheme on the unified TCI framework extension in RAN1#109-e meeting, we suggest studying the impact on UL power control for the inter-cell mTRP scheme in the unified TCI framework.
Study PHR enhancement for STxMP transmission in RAN1.
Study the uplink power control for mTRP scheme in the unified TCI framework by considering single cell and inter-cell schemes in RAN1.
Since two sets of power control parameters are supported for the PUSCH transmission toward different TRPs, e.g., TDM based UL multi-TRP or STxMP, the power headrooms calculated based on different power control parameters are different. In addition, different TRPs are located in different geographies. As a result, the channel properties between a UE and different TRPs are different. Rel-17 TDM based UL multi-TRP supports reporting two PHRs associated with a first PUSCH occasion corresponding to each TRP to NW. However, the transmit power limitation between TDM based multi-TRP and STxMP may be different. Thus, the enhancement of PHR for STxMP may be needed.
Conclusions
In this contribution, we discussed the issues regarding applying the unified TCI framework extension for multi-TRP downlink and uplink transmission, default beam operation and power control mechanisms in a unified TCI framework. Based on the discussion in section 2, we have proposals as follows.
1. Further discuss the case that the TCI field is absent in a DCI format 1_1/DCI format 1_2, and the [TCI selection field] is present in the DCI format 1_1/DCI format 1_2.
1. A UE is not expected to be configured with the [TCI selection field] without the presence of the TCI field.
The individual configuration for the presence of the [TCI selection field] for DCI format 1_1 and DCI format 1_2 in the same BWP should not be allowed.
When simultaneous TCI update for multiple CCs is applied, a CC list including CCs with same number of TRP is preferred.
The reference cell in a CC list with CCs operating in sTRP and mTRP needs to be specified.
Consider using more than one reference cells to update the TCI state in a CC list.
Consider using a CC operating in mTRP as the reference cell in a CC list.
Study PHR enhancement for STxMP transmission in RAN1.
Study the uplink power control for mTRP scheme in the unified TCI framework by considering single cell and inter-cell schemes in RAN1.
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