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Background
In RAN#94e, the working item to enhance both downlink and uplink MIMO operations in Rel-18 was agreed [1].
According to the WID, the following item needs to be studied, and if justified, specified:
· Extension of Rel-17 Unified TCI framework for indication of multiple DL and UL TCI states focusing on multi-TRP use case, using Rel-17 unified TCI framework.
· the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.
· Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
Remaining discussions
1.1. PDCCH-SFN
For PDSCH-SFN, the UE can be configured with applyIndicatedTCIState with value “both” only for SFN or CJT, and that restriction is specified as the following:
	TS38.214
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…
When a UE is configured with dl-OrJointTCI-StateList and is having two indicated TCI-states:
-	Regardless of the offset between the reception of the scheduling DCI format 1_0/1_1/1_2 and the scheduled/activated PDSCH reception, if the UE is in frequency range 1, or the UE reports its capability of [two default beams for S-DCI based MTRP] in frequency range 2, or
-	If the UE does not report its capability of [two default beams for S-DCI based MTRP]in frequency range 2 and if the scheduling offset between the reception of the scheduling DCI format 1_0/1_1/1_2 and the scheduled/activated PDSCH reception is equal to or larger than [timeDurationForQCL]
-	The UE can be configured by higher layer parameter applyIndicatedTCIState to indicate whether the first, the second, or both of the indicated TCI-state(s) is/are applied to PDSCH reception scheduled or activated by DCI format 1_0. The UE can be configured with applyIndicatedTCIState with value both only when the UE is configured with cjtSchemePDSCH and the UE reports [support for two joint TCI states for PDSCH-CJT] or the UE is configured with sfnSchemePdsch. In that case, the UE shall apply both indicated TCI-states to PDSCH reception scheduled or activated by DCI format 1_0 on a search space other than Type0/0A/2 CSS on CORESET#0. 
-	If the UE is not configured with applyIndicatedTCIState, the first indicated TCI-state is applied to PDSCH reception scheduled or activated by DCI format 1_0.
-	When the UE is configured with tciSelection-PresentInDCI jointly for both DCI formats 1_1 and 1_2 in the same DL BWP, and when the UE receives a DCI format 1_1/1_2 that schedules or activates PDSCH reception, the UE shall determine the indicated joint/DL TCI state(s) for the PDSCH reception according to the following:
-	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 DM-RS port(s) of corresponding PDSCH transmission occasion(s) scheduled or 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 DM-RS port(s) of corresponding PDSCH transmission occasion(s) scheduled or 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 or activated by the DCI format 1_1/1_2.
-	If the UE is not configured with tciSelection-PresentInDCI and when the UE receives a DCI format 1_1/1_2 that schedules/activates PDSCH reception, the UE shall apply both indicated TCI-States to the scheduled or activated PDSCH reception




Likewise, the RRC configuration for the CORESET should not inform the first or second indicated TCI state if the PDCCH-SFN is enabled.
Proposal 1: For single-DCI based multi-TRP, if a PDCCH-SFN is enabled, a RRC configuration for a CORESET should inform both indicated TCI states to the PDCCH for the CORESET.

TP#1
Proposal 2: The following TP should be adopted in TS38.213:
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< Unchanged parts are omitted >
For a CORESET with index 0, 
[bookmark: _Hlk99980026]-	if the UE is provided TCI-State and followUnifiedTCI-State for the CORESET, the UE assumes that a DM-RS antenna port for PDCCH receptions in the CORESET and a DM-RS antenna port for PDSCH receptions scheduled by DCI formats provided by PDCCH receptions in the CORESET are quasi co-located with the reference signals provided by the indicated TCI-State [6, TS 38.214]
-	else if the UE is provided dl-OrJointTCI-StateList and is indicated a first TCI-State and a second TCI-State, and apply-IndicatedTCIState for the CORESET
-	if apply-IndicatedTCIState = ‘first’, the UE assumes that a DM-RS antenna port for PDCCH receptions in the CORESET is quasi co-located with the reference signals provided by the first TCI-State,
-	if apply-IndicatedTCIState = ‘second’, the UE assumes that a DM-RS antenna port for PDCCH receptions in the CORESET is quasi co-located with the reference signals provided by the second TCI-State,
-	if apply-IndicatedTCIState = ‘both’, the UE assumes that a DM-RS antenna port for PDCCH receptions in the CORESET is quasi co-located with the reference signals provided by the first and the second TCI-State. The UE can be configured with apply-IndicatedTCIState with value ‘both’ only when the UE is configured with sfnSchemePdcch.
-	else, the UE assumes that a DM-RS antenna port for PDCCH receptions in the CORESET is quasi co-located with 
-	the one or more DL RS configured by a TCI state, where the TCI state is indicated by a MAC CE activation command for the CORESET, if any, or
-	a SS/PBCH block the UE identified during a most recent random access procedure not initiated by a PDCCH order that triggers a contention-free random access procedure, if no MAC CE activation command indicating a TCI state for the CORESET is received after the most recent random access procedure, or a SS/PBCH block the UE identified during a most recent configured grant PUSCH transmission as described in clause 19.
For a CORESET other than a CORESET with index 0, if a UE is provided a single TCI state for a CORESET, or if the UE receives a MAC CE activation command for one or two of the provided TCI states for a CORESET, the UE assumes that the DM-RS antenna port associated with PDCCH receptions in the CORESET is quasi co-located with the one or more DL RS configured by the TCI states. For a CORESET with index 0, the UE expects that a CSI-RS configured with qcl-Type set to 'typeD' in a TCI state indicated by a MAC CE activation command for the CORESET is provided by a SS/PBCH block
-	if the UE receives a MAC CE activation command for one of the TCI states, the UE applies the activation command in the first slot that is after slot  where  is the slot where the UE would transmit a PUCCH with HARQ-ACK information for the PDSCH providing the activation command,  is the SCS configuration for the PUCCH in the slot when the activation command is applied, and  is a number of slots for SCS configuration  provided by kmac or  if kmac is not provided.
If a UE is provided TCI-State in dl-OrJointTCI-StateList, a DM-RS antenna port for PDCCH receptions in a CORESET, other than a CORESET with index 0, associated only with USS sets and/or Type3-PDCCH CSS sets, and a DM-RS antenna port for PDSCH receptions scheduled by DCI formats provided by PDCCH receptions in the CORESET are quasi co-located with reference signals provided by the indicated TCI-State [6, TS 38.214].
If a UE is provided followUnifiedTCI-State for a CORESET, other than a CORESET with index 0, associated at least with CSS sets other than Type3-PDCCH CSS sets, a DM-RS antenna port for PDCCH receptions in the CORESET and a DM-RS antenna port for PDSCH receptions scheduled by DCI formats provided by PDCCH receptions in the CORESET are quasi co-located with reference signals provided by the indicated TCI-State.
If a UE is provided dl-OrJointTCI-StateList and is indicated a first TCI-State and a second TCI-State, and is provided apply-IndicatedTCIState for a CORESET, other than a CORESET with index 0, 
-	if the CORESET is associated only with USS sets and/or Type3-PDCCH CSS sets 
-	if apply-IndicatedTCIState = ‘first’, the UE assumes that a DM-RS antenna port for PDCCH receptions in the CORESET is quasi co-located with the reference signals provided by the first TCI-State
-	if apply-IndicatedTCIState = ‘second’, the UE assumes that a DM-RS antenna port for PDCCH receptions in the CORESET is quasi co-located with the reference signals provided by the second TCI-State
-	if apply-IndicatedTCIState = ‘both’, the UE assumes that a DM-RS antenna port for PDCCH receptions in the CORESET is quasi co-located with the reference signals provided by the first TCI-State and the second TCI-State. The UE can be configured with apply-IndicatedTCIState with value ‘both’ only when the UE is configured with sfnSchemePdcch.
-	if the CORESET is associated at least with CSS sets other than Type3-PDCCH CSS sets,
-	if apply-IndicatedTCIState = ‘first’, the UE assumes that a DM-RS antenna port for PDCCH receptions in the CORESET is quasi co-located with the reference signals provided by the first TCI-State
-	if apply-IndicatedTCIState = ‘second’, the UE assumes that a DM-RS antenna port for PDCCH receptions in the CORESET is quasi co-located with the reference signals provided by the second TCI-State
-	if apply-IndicatedTCIState = ‘both’, the UE assumes that a DM-RS antenna port for PDCCH receptions in the CORESET is quasi co-located with the reference signals provided by the first TCI-State and the second TCI-State. The UE can be configured with apply-IndicatedTCIState with value ‘both’ only when the UE is configured with sfnSchemePdcch.
-	if apply-IndicatedTCIState = ‘none’, the UE assumes that a DM-RS antenna port for PDCCH receptions in the CORESET is quasi co-located with the one or more DL RS configured by a TCI state indicated by a MAC CE activation command for the CORESET
< Unchanged parts are omitted >





1.2. PDSCH-SFN/CJT without dynamic switching
For single-DCI based multi-TRP, the TCI selection field in a DCI format 1_1/1_2 indicates first/second/both indicated TCI state(s) to a PDSCH scheduled/activated by the DCI format. However, if PDSCH-SFN/CJT is enabled and dynamic switching between PDSCH-SFN/CJT and STRP-PDSCH is not supported, the single indicated TCI state cannot be applied to the PDSCH. Therefore, for single-DCI based multi-TRP, if a PDSCH-SFN/CJT without dynamic switching is enabled, the TCI selection field in a DCI format 1_1/1_2 should indicate both indicated TCI states to a PDSCH scheduled/activated by the DCI format.
Proposal 3: For single-DCI based multi-TRP, if a PDSCH-SFN/CJT without dynamic switching is enabled, the TCI selection field in a DCI format 1_1/1_2 should indicate both indicated TCI state(s) to a PDSCH scheduled/activated by the DCI format.

TP#2
Proposal 4: The following TP should be adopted in TS38.214:
	5.1.5	Antenna ports quasi co-location
< Unchanged parts are omitted >
When a UE is configured with dl-OrJointTCI-StateList and is having two indicated TCI-states:
-	Regardless of the offset between the reception of the scheduling DCI format 1_0/1_1/1_2 and the scheduled/activated PDSCH reception, if the UE is in frequency range 1, or the UE reports its capability of [two default beams for S-DCI based MTRP] in frequency range 2, or
-	If the UE does not report its capability of [two default beams for S-DCI based MTRP]in frequency range 2 and if the scheduling offset between the reception of the scheduling DCI format 1_0/1_1/1_2 and the scheduled/activated PDSCH reception is equal to or larger than [timeDurationForQCL]
-	The UE can be configured by higher layer parameter applyIndicatedTCIState to indicate whether the first, the second, or both of the indicated TCI-state(s) is/are applied to PDSCH reception scheduled or activated by DCI format 1_0. The UE can be configured with applyIndicatedTCIState with value both only when the UE is configured with cjtSchemePDSCH and the UE reports [support for two joint TCI states for PDSCH-CJT] or the UE is configured with sfnSchemePdsch. In that case, the UE shall apply both indicated TCI-states to PDSCH reception scheduled or activated by DCI format 1_0 on a search space other than Type0/0A/2 CSS on CORESET#0. 
-	If the UE is not configured with applyIndicatedTCIState, the first indicated TCI-state is applied to PDSCH reception scheduled or activated by DCI format 1_0.
-	When the UE is configured with tciSelection-PresentInDCI jointly for both DCI formats 1_1 and 1_2 in the same DL BWP, and when the UE receives a DCI format 1_1/1_2 that schedules or activates PDSCH reception, and if the UE reports its capability of sfn-SchemeA-DynamicSwitching-r17 or sfn-SchemeB-DynamicSwitching-r17, the UE shall determine the indicated joint/DL TCI state(s) for the PDSCH reception according to the following:
-	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 DM-RS port(s) of corresponding PDSCH transmission occasion(s) scheduled or 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 DM-RS port(s) of corresponding PDSCH transmission occasion(s) scheduled or 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 or activated by the DCI format 1_1/1_2.
-	If the UE is not configured with tciSelection-PresentInDCI and when the UE receives a DCI format 1_1/1_2 that schedules/activates PDSCH reception, the UE shall apply both indicated TCI-States to the scheduled or activated PDSCH reception
< Unchanged parts are omitted >






1.3. Msg3 PUSCH
In our understanding, even if the UE is having two indicated joint/UL TCI states, the two indicated joint/UL TCI states cannot be applied to a Msg3 PUSCH as well as a PUSCH scheduled by DCI format 0_0. This is because one antenna port is used for the Msg3 PUSCH. Therefore, at least it should be specified that the two indicated TCI states are not applied to the Msg3 PUSCH, while the actual determination of a spatial domain filter of the Msg3 PUSCH is up to the UE implementation.
Proposal 5: For single-DCI based multi-TRP, the two indicated joint/UL TCI states should not applied to a PUSCH scheduled by RAR UL grant.

TP#3
Proposal 6: The following TP should be adopted in TS38.214:
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< Unchanged parts are omitted >
When a UE is configured with dl-OrJointTCI-StateList or TCI-UL-State and is having two indicated TCI-States or TCI-UL-States, 
-	a UE having a PUSCH transmission scheduled or activated by DCI format 0_0 should apply the first indicated TCI state to the PUSCH transmission, and the UE is not expected that both of the indicated TCI states to be applied for the PUSCH transmisssion scheduled by RAR UL grant,
-	a UE configured with a PUSCH transmission corresponding to a Type 1 configured grant is expected to be configured with the higher layer parameter applyIndicatedTCIState indicating the first, the second or both of the indicated TCI states to be applied for the PUSCH transmission. If ‘both’ TCI states are indicated, the UE should apply the first indicated TCI state to the PUSCH transmission occasion(s) or the PUSCH antenna port(s) associated with the first SRS resource set for CB/NCB transmission, and the second indicated TCI state to the PUSCH transmission occasion(s) or the PUSCH antenna port(s) associated with the second SRS resource set for CB/NCB transmission; otherwise the UE should apply either the ‘first’ or ‘second’ indicated TCI state to all PUSCH transmission occasions.
-	If the UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in different ControlResourceSets, the first and the second indicated TCI states correspond to the indicated TCI-States or TCI-UL-States specific to coresetPoolIndex value 0 and value 1, respectively, and applyIndicatedTCIState does not indicate both of the indicated TCI states to be applied for the PUSCH transmission
< Unchanged parts are omitted >





1.4. Power control
	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




For STxMP, a transmission power should be determined for each panel, and two loop indexes (e.g., ) on a PUSCH/PUCCH transmission occasion should be introduced to determine two Tx powers. Regarding association of the indicated joint/UL TCI state with a loop index, “first” and “second” should simply correspond to  and .
Proposal 7: For single-DCI based PUSCH/PUCCH STxMP, two loop indexes (i.e., ) on a PUSCH/PUCCH transmission occasion should be introduced.

TP#4
Proposal 8: The following TP should be adopted in TS38.213:
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< Unchanged parts are omitted >
When two SRS resource sets are configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set to 'codebook' or 'nonCodebook' and higher layer parameter multipanelScheme is configured, codepoint “10” of SRS Resource Set indicator is indicated, and if a UE transmits a PUSCH on active UL BWP  of carrier  of serving cell  using parameter set configuration with index  and PUSCH power control adjustment state with index , the UE determines the PUSCH transmission power  in PUSCH transmission occasion  as

< Unchanged parts are omitted >




Conclusion
In this contribution, we have the following proposal:
Proposal 1: For single-DCI based multi-TRP, if a PDCCH-SFN is enabled, a RRC configuration for a CORESET should inform both indicated TCI states to the PDCCH for the CORESET.
Proposal 2: The following TP should be adopted in TS38.213:
Proposal 3: For single-DCI based multi-TRP, if a PDSCH-SFN/CJT without dynamic switching is enabled, the TCI selection field in a DCI format 1_1/1_2 should indicate both indicated TCI state(s) to a PDSCH scheduled/activated by the DCI format.
Proposal 4: The following TP should be adopted in TS38.214:
Proposal 5: For single-DCI based multi-TRP, the two indicated joint/UL TCI states should not applied to a PUSCH scheduled by RAR UL grant.
Proposal 6: The following TP should be adopted in TS38.214:
Proposal 7: For single-DCI based PUSCH/PUCCH STxMP, two loop indexes (i.e., ) on a PUSCH/PUCCH transmission occasion should be introduced.
Proposal 8: The following TP should be adopted in TS38.213:
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