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Introduction
In RAN1#113 meeting, the following agreements were approved for unified TCI framework extension for multi-TRP
	Agreement
On unified TCI framework extension for S-DCI based MTRP, for PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured w/o the [TCI selection field], the UE shall apply both indicated joint/DL TCI states to the scheduled/activated PDSCH reception
· If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2, above applies regardless of the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception
· If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above applies 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

Agreement
On unified TCI framework extension for S-DCI based MTRP:
· If a CORESET other than a CORESET with index 0 is associated only with USS sets and/or Type3-PDCCH CSS sets, the CORESET is configured by RRC to apply the first one, the second one, or both of the indicated joint/DL TCI states to PDCCH reception on the CORESET
· If a CORESET other than a CORESET with index 0 is associated at least with CSS sets other than Type3-PDCCH CSS sets, the CORESET is configured by RRC to apply the first one, the second one, both, or none of the indicated joint/DL TCI states to PDCCH reception on the CORESET
· For a CORESET with index 0:
· If the CORESET is associated with SS#0 for Type 0/0A/2 CSS sets, the CORESET is configured by RRC to apply the first one, the second one, or none of the indicated joint/DL TCI state to PDCCH reception on the CORESET
· Otherwise, the CORESET is configured by RRC to apply the first one, the second one, both, or none of the indicated joint/DL TCI states to PDCCH reception on the CORESET
Note: RAN1 already agrees to use RRC configuration to inform that the UE shall apply the first one, the second one, both, or none of the indicated joint/DL TCI states to a CORESET in S-DCI based MTRP. 
Note: There is no consensus in RAN1 on whether to reuse the Rel-17 RRC parameter followUnifiedTCIstate as a part of above RRC configuration, and whether to reuse followUnifiedTCIstate is up to RAN2 design

Agreement
On unified TCI framework extension for S-DCI based MTRP, when a 2-bit [TCI selection field] is configured by RRC to be present in a DCI format 1_1/1_2 in a DL BWP:
· 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 PDSCH reception scheduled/activated by the DCI format 1_1/1_2 based on the Rel-16 rules for mapping legacy TCI states to PDSCH transmission occasions, CDM groups, or non-overlapping frequency domain resource allocations by replacing the first and the second indicated legacy TCI states with the first and the second indicated joint/DL TCI states, respectively
· The codepoint "11" of the [TCI selection field] is reserved

Agreement
On unified TCI framework extension for S-DCI based MTRP, when two indicated joint/UL TCI states are applied to a PUSCH transmission 
· For SDM and SFN based PUSCH Tx schemes, the UE shall apply the first indicated joint/UL TCI state to the PUSCH antenna port(s) associated with the first SRS resource set, and the second indicated joint/UL TCI state to the PUSCH antenna port(s) associated with the second SRS resource set, respectively.
· Note: The association between PUSCH antenna port(s) and an SRS resource set is discussed and defined in STxMP AI

Agreement
On unified TCI framework extension for S-DCI based MTRP, when two indicated joint/UL TCI states are applied to a PUCCH resource/resource group:
· For TDM based PUCCH Tx scheme, the UE shall apply two indicated joint/UL TCI states to repetitions of the PUCCH transmission corresponding to the PUCCH resource/resource group based on the Rel-17 rules for mapping spatial settings to the repetitions by replacing the first and second spatial settings with the first and second indicated joint/UL TCI states, respectively.
· For SFN based PUCCH Tx scheme, the UE shall apply two indicated joint/UL TCI states to the PUCCH transmission corresponding to the PUCCH resource/resource group

Agreement
On unified TCI framework extension for S-DCI based MTRP, the following two alternatives are supported for PDSCH-CJT applying both indicated joint TCI states (if the UE supports two indicated joint/DL states for PDSCH-CJT):
· Alt1: PDSCH DMRS port(s) is QCLed with the DL RSs of both indicated joint TCI states with respect to QCL-TypeA
· Alt2: PDSCH DMRS port(s) is QCLed with the DL RSs of both indicated joint TCI states with respect to QCL-TypeA except for QCL parameters {Doppler shift, Doppler spread} of the second indicated joint TCI state
Introduce a UE capability on which alternative(s) is supported, and either one of above alternatives can be configured by RRC according to the UE capability
Note: In Rel-18, RAN1 has no consensus to support Alt3
· Alt3: PDSCH DMRS port(s) is QCLed with the DL RS of the first indicated joint TCI state with respect to QCL-TypeA and QCLed with the DL RS of the second indicated joint TCI state with respect to QCL-TypeB

Agreement
On unified TCI framework extension for S-DCI based MTRP, support the following:
· Using RRC configuration to indicate whether the first, second, or both of the indicated joint/DL TCI states is/are applied to PDSCH reception scheduled/activated by DCI format 1_0 
· If not configured, the first indicated joint/DL TCI state is applied
· Only when the UE is configured with PDSCH-CJT and the UE supports two joint TCI states for PDSCH-CJT or the UE is configured with PDSCH-SFN, the RRC configuration can indicate both indicated joint/DL TCI states are applied.
· For PDSCH-CJT and PDSCH-SFN, if the RRC configuration indicates both indicated joint/DL TCI states are applied, the UE shall apply both indicated joint/DL TCI states to PDSCH reception scheduled/activated by DCI format 1_0 on a search space other than Type0/0A/2 CSS on CORESET#0 (FFS: Other search space and/or CORESETs)
If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2, above applies regardless of the offset between the reception of the scheduling DCI format 1_0 and the scheduled/activated PDSCH reception
If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above applies when the offset between the reception of the scheduling DCI format 1_0 and the scheduled/activated PDSCH reception is equal to or larger than a threshold

Agreement
On unified TCI framework extension for S-DCI based MTRP, after NW response to TRP-specific BFR request to a BFD-RS set:
· If the BFD-RS set is the first BFD-RS set (), QCL assumption/spatial Tx filter/PL-RS corresponding to the first indicated joint/DL/UL TCI state for channel(s)/signal(s) applying the first indicated joint/DL/UL TCI state are updated according to the new beam (qnew) corresponding to the BFD-RS set.
· If the BFD-RS set is the second BFD-RS set (), QCL assumption/spatial Tx filter/PL-RS corresponding to the second indicated joint/DL/UL TCI state for channel(s)/signal(s) applying the second indicated joint/DL/UL TCI state are updated according to the new beam (qnew) corresponding to the BFD-RS set.

Agreement
On unified TCI framework extension 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
· For M-DCI based MTRP operation, the first and the second indicated joint/UL TCI states correspond to the indicated joint/UL TCI states specific to coresetPoolIndex value 0 and value 1, respectively.
· When two SRS resource sets for CB/NCB are configured, the UE does not expect the following
· to be configured with the first indicated UL/joint TCI state which is to be applied to the second SRS resource set
· to be configured with the second indicated UL/joint TCI state which is to be applied to the first SRS resource set
· For M-DCI based MTRP operation, if the RRC configuration is not provided to the SRS resource set and the SRS resource set is an AP SRS resource set triggered by PDCCH on a CORESET associated with a coresetPoolIndex value, the UE shall apply the indicated joint/UL TCI state specific to the coresetPoolIndex value to the SRS resource set
How to capture the above is up to the editor

Agreement
On unified TCI framework extension for M-DCI based MTRP,  An RRC configuration can be provided to an aperiodic CSI-RS resource set or a CSI-RS resource in an aperiodic CSI-RS resource set to inform that the UE shall apply the first or the second indicated joint/DL TCI state to the aperiodic CSI-RS resource set or to the CSI-RS resource in the aperiodic CSI-RS resource set, if the aperiodic CSI-RS resource set for CSI/BM is configured to follow unified TCI state
· The first and the second indicated joint/DL TCI states correspond to the indicated joint/UDL TCI states specific to coresetPoolIndex value 0 and value 1, respectively.
· 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)
· Support of ‘per CSI-RS resource set’ or ‘per CSI-RS resource’ RRC configuration is up to UE capability

Agreement
On unified TCI framework extension for S-DCI based MTRP, if the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2:
· When the offset between the reception of the scheduling/activation DCI format 1_0/1_1/1_2 and the scheduled/activated PDSCH reception is less than a threshold in FR2, the UE shall apply the first indicated joint/DL TCI state to the scheduled/activated PDSCH reception

Conclusion
There is no RAN1 consensus to support the following:
	On unified TCI framework extension, the following cases for CA operation are supported:
· A set of BWP/CCs configured for common TCI state ID activation/update can include BWP/CC(s) operating in STRP and BWP/CC(s) operating in S-DCI based MTRP
· FFS: How to support common TCI state ID activation/update for this case
· For the BWP/CCs in above set of BWP/CCs, TCI state ID activation/update MAC-CE can only be sent to a S-DCI based MTRP BWP/CC
· A set of BWP/CCs configured for common TCI state ID activation/update can include BWP/CC(s) operating in STRP and BWP/CC(s) operating in M-DCI based MTRP
· FFS: How to support common TCI state ID activation/update for this case
· For the BWP/CCs in above set of BWP/CCs, TCI state ID activation/update MAC-CE can only be sent to a M-DCI based MTRP BWP/CC
· a CC in the set of CCs operating in S-DCI/M-DCI based MTRP can be configured as the reference CC.
· For each CC in the above set of CCs, an RRC parameter is configured to the CC to indicate that the first, the second or both joint/DL/UL TCI states are applied to the CC.
Note: “A CC operates in STRP” for above means a CC in which only one joint/UL/DL TCI state is applied
Note: “A CC operates in S/M-DCI based MTRP” for above means a BWP/CC operates in Rel-18 unified TCI framework extension for S/M-DCI based MTRP operation



Agreement
On unified TCI framework extension for S-DCI based PUSCH/PUCCH STxMP:
The UE shall determine a first Tx power for PUSCH/PUCCH transmission occasion i based on the UL PC parameter settings for PUSCH/PUCCH, if any, and the PL-RS included in the first indicated joint/UL TCI state, and a second Tx power for the same PUSCH/PUCCH transmission occasion i based on the UL PC parameter settings for PUSCH/PUCCH, if any, and the PL-RS included in the second indicated joint/UL TCI state



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 states 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 avoid the ambiguity caused from the RRC configuration.
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.
CORESETs configured with qcl-Type set to ‘typeD’ properties 
In previous agreements, it was agreed that a CORESET is configured by RRC to apply the first one, the second one, both, or none of the indicated joint/DL TCI states in S-DCI based MTRP. In other words, the overlapping PDCCH monitoring occasions in multiple CORESETs can be configured with one TCI state or two TCI states. Then, there would be some impacts on PDCCH monitoring in multiple CORESETs when the multiple CORESETs are configured with different qcl-Type set to ‘typeD’ properties on active DL BWP(s) of one or more cells. As shown in the figure 1 below, a UE can at most monitor overlapping PDCCHs in multiple CORESETs that have been configured with two different qcl-Type set to ‘typeD’ properties on active DL BWP(s) of one or more cells, and the UE will monitor PDCCH in CORESET#1 firstly due to the CSS set with the lowest index, but it seems that the UE will not be able to monitor CORESET#2 since the number of different qcl-TypeD properties is larger than two (referring to monitoring order(1)). However, in Rel-17 specification, for S-DCI based MTRP PDCCH repetition operation, the UE can monitor PDCCH only in a first CORESET with qcl-Type set to first 'typeD' properties and, if any, in a second CORESET with qcl-Type set to second 'typeD' properties that are different from the first 'typeD' properties, and thus it is not allowed to monitor PDCCH in a CORESET (e.g., CORESET#3) with qcl-Type set to the first 'typeD' properties but also with other 'typeD' properties that are different from the first 'typeD' properties. Therefore, whether to increase the maximum number of different qcl-TypeD properties for overlapping CORESETs that the UE can monitor or to allow a CORESET with at least one same qcl-TypeD properties as the first configured qcl-TypeD properties to be monitored should be discussed; otherwise, only a CORESET that has been configured with only one 'typeD' properties which is same as or different from the first configured 'typeD' properties can be monitored. That is to say, a CORESET that has been configured with two 'typeD' properties will not be monitored if the first CORESET has been configured with only one 'typeD' properties.
[image: ]
On S-DCI based MTRP CORESET operation, a UE can monitor PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESETs that have been configured with one DL/joint TCI state or two DL/joint TCI states.
In current specification, it is not allowed to monitor a first CORESET with qcl-Type set to first 'typeD' properties and a second CORESET with qcl-Type set to both first 'typeD' properties and second 'typeD' properties.
Discuss how a UE monitors PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESETs that have been configured with one TCI state and two TCI states.
Discuss how a UE monitors PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESETs if a first CORESET corresponding to the CSS set with the lowest index in the cell with the lowest index containing CSS has been configured one single TCI state. 
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 geographical locations. 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. In addition, for the STxMP operation, since the UE transmits the UL signals/channels toward different TRPs via different panels at the same time, panel-specific PHR (e.g., per panel PHR) is 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.
Support panel-specific PHR 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.
Conclusions
In this contribution, we discussed the issues regarding applying the unified TCI framework extension for multi-TRP downlink and uplink transmission and power control mechanisms in a unified TCI framework. Based on the discussion in section 2, we have proposals as follows.
1. On S-DCI based MTRP CORESET operation, a UE can monitor PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESETs that have been configured with one DL/joint TCI state or two DL/joint TCI states.
1. In current specification, it is not allowed to monitor a first CORESET with qcl-Type set to first 'typeD' properties and a second CORESET with qcl-Type set to both first 'typeD' properties and second 'typeD' properties.
1. 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.
Discuss how a UE monitors PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESETs that have been configured with one TCI state and two TCI states.
Discuss how a UE monitors PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESETs if a first CORESET corresponding to the CSS set with the lowest index in the cell with the lowest index containing CSS has been configured one single TCI state. 
Support panel-specific PHR 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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