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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.
Discussions
1.1.  Multi-DCI based MTRP
Mapping of the indicated TCI state
For PDCCH, it was agreed that the indicated joint/DL TCI state specific to a CORESET pool index is applied to a PDCCH on a CORESET associated with the same CORESET pool index.
For PDSCH/PUSCH, it was agreed that the indicated TCI state specific to a CORESET pool index is applied to a PDSCH/PUSCH scheduled/activated by a PDCCH on a CORESET associated with the same CORESET pool index.
PUCCH
	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 M-DCI based MTRP, support at least Opt2 for PUCCH transmission, and Opt1 is not supported
· Note: Opt3 and Opt4 are not precluded




For Opt3, some companies raised issues of a case that ackNackFeedbackMode = joint. In the case, the UE transmits a PUCCH with a HARQ-ACK for two PDSCHs to first of two TRPs even if both PDSCH are received from both TRPs. However, for multi-DCI based MTRP, ackNackFeedbackMode set to “joint” is corner case because MTRP is with non-ideal backhaul. Therefore, when ackNackFeedbackMode = joint, it is enough to apply the legacy/fixed rule. Namely, the indicated joint/UL TCI state specific to the first CORESET pool index (i.e., the CORESET pool index value 0) needs to be applied to a PUCCH with a HARQ-ACK scheduled by a PDCCH.
Observation 1: For multi-DCI based MTRP, since it is corner case that ackNackFeedbackMode = “joint”, in this case, it is enough that fixed rules is applied to a PUCCH (e.g., the indicated joint/UL TCI state specific to the CORESET pool index value 0 is applied to a PUCCH scheduled by a PDCCH).
Furthermore, if only Opt2 is used, for a given time-frequency resource allocation, two PUCCH resources are needed to use both first and second indicated TCI states. However, for Opt3, one PUCCH resource is enough to use both first and second indicated TCI states because the applied TCI state is based on the CORESET pool index of the corresponding PDCCH. Namely, the number of PUCCH resource can be saved. Therefore, we support Opt3 when a PUCCH is scheduled by a PDCCH.
Proposal 1: For multi-DCI based MTRP, the indicated TCI state specific to a CORESET pool index should be applied to a PUCCH scheduled by a PDCCH on a CORESET associated with the same CORESETE pool index (i.e., Support Opt3).

PUSCH
	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 our view, the association between CG-PUSCH and CORESET pool index is not defined yet. For Type 1 CG-PUSCH, we think there are two alternatives for mapping of the indicated TCI state as the following:
· Alt 1: The indicated TCI state specific to a CORESET pool index is applied to a Type 1 CG-PUSCH corresponding to a CG configuration associated with the same CORESET pool index.
· Alt 2: The indicated TCI state specific to a CORESET pool index is applied to a Type 1 CG-PUSCH corresponding to a CG configuration including SRS_resource_set_index of a SRS resource set associated with the same CORESET pool index.
In AI 9.1.4.1, it was agreed that one SRS_resource_set_index value is configured in RRC in ConfiguredGrantConfig. Therefore, this SRS resource set index can be simply reused, and we support Alt 2.
Proposal 2: The indicated TCI state specific to a CORESET pool index is applied to a Type 1 CG-PUSCH corresponding to a ConfiguredGrantConfig including SRS_resource_set_index of a SRS resource set associated with the same CORESET pool index.
SRS
For SRS, it was agreed that the first SRS resource set is associated with CORESET pool index 0, and the second SRS resource set is associated with CORESET pool index 1 in AI9.1.4.1. Likewise, for unified TCI framework extension for multi-DCI based MTRP, the indicated TCI state specific to a CORESET pool index should be applied to a SRS on a SRS resource set corresponding to the same CORESET pool index if the SRS resource set is configured to follow the indicated joint/UL TCI state by followingUnifiedTCIState.
Proposal 3: For multi-DCI based MTRP, the indicated TCI state specific to a CORESET pool index should be applied to a SRS on a SRS resource set corresponding to the same CORESET pool index if the SRS resource set is configured to follow the indicated joint/UL TCI state by followingUnifiedTCIState.
1.2. Single-DCI based MTRP
TCI state activation and indication
In RAN1#111 meeting, the following agreement was made in terms of single-DCI based MTRP [2]:
	Agreement
On unified TCI framework extension for S-DCI based MTRP, in one beam indication instance, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate joint/DL/UL TCI state(s) for one or both of the two TRPs in a CC/BWP or a set of CCs/BWPs in a CC list
· FFS: Increase on the size of the TCI field
· Note: The term TRP is used only for discussion purpose in RAN1 and whether/how to capture this is FFS

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 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, 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





In our view, increase on the size of the TCI field is not needed and up to 8 single or pair of TCI state(s) are enough in one codepoint of a TCI field. This is because MAC entity can flexibly select 8 combinations of TCI states among all configured TCI states, and we think it is not significant problem that a TCI state cannot be indicated among more 8 combinations by DCI.
Proposal 4: The size of the TCI field should remain 3 bits.
Furthermore, it was concluded that there is no consensus to support dynamic switching between STRP and MTRP operations based on the number of TCI states mapped to the received TCI codepoint. As a FFS point, how to switch between Rel-17 STRP operation and Rel-18 MTRP operation is not defined. In our view, since the existing TCI field is reused for Rel-18 unified TCI framework, switching between Rel-17 STRP and Rel-18 MTRP operations is performed by MAC CE (i.e., TCI state activation command). Namely, if a TCI state is activated and mapped to each codepoint in the existing TCI field, Rel-17 STRP operation should be enabled. If multiple TCI states are activated and mapped to at least one codepoint in the existing TCI field, Rel-18 MTRP operation should be enabled.
Proposal 5: For unified TCI framework,
· If a TCI state is activated and mapped to each codepoint in the existing TCI field, Rel-17 STRP operation should be enabled.
· If multiple TCI states are activated and mapped to at least one codepoint in the existing TCI field, Rel-18 MTRP operation should be enabled.
In our view, Rel-18 TCI state activation command may be different from Rel-17 TCI state activation command, but it is up to RAN2. Therefore, how to configure that a CC is operated in Rel-18 unified TCI framework for SDCI MTRP should be determined based on the number of activated TCI states in each codepoint of the TCI field, not type of activation command.
Proposal 6: A CC is operated in Rel-18 unified TCI framework for SDCI based MTRP
· if a TCI state activation command that activates at least one TCI codepoint mapped with more than one TCI states is received and applied in the CC.

Mapping of indicated TCI state
After activation of multiple joint/DL/UL TCI states by MAC CE, a TCI field in DCI format 1_1/1_2 with/without data scheduling can indicate one or two joint/DL/UL TCI states. However, when two UL TCI states are indicated and UL channel is scheduled, it is unknown that whether the UL channel apply to both or either of two the UL TCI states. For SDCI-MTRP, the mapping of the indicated TCI state to channels is needed to be defined.
PDCCH
	Agreement
On unified TCI framework extension for S-DCI based MTRP, to inform the association with the joint/DL TCI state(s) indicated by DCI/MAC-CE for PDCCH repetition, PDCCH-SFN, and PDCCH w/o repetition/SFN, support the following:
· Use RRC configuration to inform that the UE shall apply the first one, the second one, both, or none of the joint/DL TCI states indicated by DCI/MAC-CE to a CORESET or a group of CORESETs (if CORESET group configuration is supported)

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 




It was agreed that one or multiple TCI states are indicated in a CC/BWP by a TCI field in DCI. Namely, for one or more CORESETs in a BWP, one or multiple TCI state can be indicated. Furthermore, it was agreed to support to use RRC parameter(s) in a CORESET configuration to inform the UE whether and/or which indicated joint/DL TCI state(s) shall be applied to the corresponding PDCCH reception on the CORESET. In our view, the RRC configuration should inform that the UE shall apply the first one, the second one, both, or none of the indicated joint/DL TCI states on a CORESET, not a group of CORESETs. 
Proposal 7: For single-DCI based MTRP, RRC configuration should inform that the UE shall apply the first one, second one, both, or none of the indicated joint/DL TCI states on a CORESET, not a group of CORESETs.
According to the following Rel-17 agreement, the UE does not expect that a CORESET with index 0 to be activated with two TCI states is associated with search space zero for Type 0/0A/2 CSS. Likewise, two indicated joint/DL TCI states should not be applied to the CORESET.
	Agreement
UE does not expect CORESET#0 to be activated with two TCI states when it is associated with SS#0 for Type 0/0A/2 CSS
· Send an LS to inform RAN2 about this agreement
· The final LS in R1-2208203




Proposal 8: For single-DCI based MTRP, if a CORESET with index 0 is associated with search space zero for Type 0/0A/2 CSS sets, the CORESET can be configured by RRC to apply the first indicated joint/DL TCI state or the second indicated joint/DL TCI state to PDCCH reception on the CORESET.
PDCCH-MTRP scheme
[PDCCH repetition]
For search space linking (i.e., searchSpaceLinking configuration) for SDCI-MTRP, UE assumes that search space sets having the same search space linking ID are linked. Consequently, UE combines the two PDCCHs associated with the same search space linking ID after monitoring. Furthermore, one search space set is associated with one CORESET. Therefore, if more than one the indicated TCI states are applied to a CORESET, two beam indications by search space linking and Rel-18 Unified TCI framework for MTRP are duplicated. For this reason, if the single indicated TCI state is applied to the CORESET (i.e., RRC parameter in a CORESET configuration informs the UE which indicated joint/DL TCI state is applied to the corresponding PDCCH reception on the CORESET), UE should receive PDCCH repetition or a PDCCH, not PDCCH SFN.
[PDCCH SFN]
For PDCCH SFN, two joint/DL TCI states are activated by MAC CE. The UE receives two PDCCHs that have the same DCI in the same frequency/time resource based on the two activated TCI states.  Therefore, if the single indicated TCI state is applied to a CORESET, the UE cannot receive two PDCCHs with using SFN scheme. For this reason, if the multiple indicated TCI states are applied to the CORESET (i.e., RRC parameter in a CORESET configuration informs the UE that the indicated joint/DL TCI states are applied to the corresponding PDCCH reception on the CORESET), UE should receive PDCCH SFN, not PDCCH repetition and a PDCCH. 
Proposal 9: For single-DCI based MTRP, 
· If the single indicated TCI state is applied to a CORESET, the UE should receive a PDCCH repetition or STRP-PDCCH on the CORESET.
· FFS: UE behavior when the multiple indicated TCI states is applied to a CORESET and search space linking is enabled for the CORESET.
· If the multiple indicated TCI state is applied to a CORESET, the UE should receive a PDCCH SFN on the CORESET.
· FFS: UE behavior when the single indicated TCI state is applied to a CORESET and PDCCH SFN is enabled.  

PDSCH
	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, 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, 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)




For PDSCH, the following issues remain:
· DCI format 1_1/1_2
· Offset >= threshold
· w/ TCI selection field
· if a PDSCH-MTRP scheme is enabled,
· the single indicated TCI state is applied or not (Case 1).
· w/o TCI selection field (Case 2)
· Not yet
· Offset < threshold (Case 3)
· Not yet
· DCI format 1_0 (Case 4)
· Not yet
(Case 1) w/ TCI selection field
[PDSCH FDM/TDM/SDM]
For SDCI-MTRP PDSCH FDM/TDM, two indicated TCI states can be applied to a PDSCH for FDM/TDM scheme A or two PDSCHs for FDM/TDM scheme B. For SDCI-MTRP PDSCH SDM, two indicated TCI states can be applied to a PDSCH with more than one CDM groups.
For PDSCH FDM scheme A/B, the UE receives a single or two PDSCH transmission occasion(s) by using two TCI states. To reuse Rel-16 rules, the first and second selected TCI states should be applied to the first and other non-overlapping frequency domain resources of the PDSCH transmission occasion(s), respectively. The selected TCI state means either or both indicated TCI states selected by the 2-bit TCI selection field.
For PDSCH TDM scheme A, the UE receives two PDSCH transmission occasions by using two TCI states. To reuse Rel-16 rules, the first and second selected TCI states should be applied to the first and other PDSCH transmission occasions, respectively.
For PDSCH SDM scheme, the UE receives a single PDSCH transmission occasion with more than one CDM groups by using two TCI states. To reuse Rel-16 rules, the first and second selected TCI states should be applied to the first and other CDM groups, respectively.
Proposal 10: For single-DCI based MTRP, the first and second selected TCI states should be mapped to
· the first and other non-overlapping frequency domain resources for PDSCH FDM scheme A/B, respectively.
· the first and other PDSCH transmission occasions for PDSCH TDM scheme A, respectively.
· the first and other CDM groups for PDSCH SDM scheme, respectively.
[PDSCH repetition]
For SDCI-MTRP PDSCH repetition, one or two indicated TCI state can be applied to PDSCH repetitions over multiple slots.
[PDSCH SFN]
For SDCI-MTRP PDSCH SFN with dynamic switching, one or two indicated TCI states can be applied to a PDSCH. For SDCI-MTRP PDSCH SFN without dynamic switching, two indicated TCI states can be applied to a PDSCH.
Proposal 11: For single-DCI based MTRP, 
· If the single indicated TCI state is applied to the PDSCH(s), the UE should receive a PDSCH repetition or STRP-PDSCH. 
· If the multiple indicated TCI state is applied to the PDSCH, the UE should receive a PDSCH repetition, or PDSCH SFN/FDM/TDM/SDM.
· FFS: UE behavior when the single indicated TCI state is applied to a PDSCH and PDSCH SFN/FDM/TDM/SDM is enabled.
(Case 2) w/o TCI selection field
For Alt 2 and 3, the fixed rule is used to select one or both of the indicated joint/DL TCI state(s). However, the PDSCH-MTRP schemes (e.g., SFN/FDM/TFM/SDM) cannot be enabled in Alt 2, and the PDSCH-MTRP schemes are always applied in Alt 3, while dynamic switching between SFN and STRP is supported in Rel-17. In our view, Alt 2 and Alt 3 are simple but not complete solutions. Therefore, at least Alt 2 and Alt 3 should be combined and be switched according to whether the PDSCH-MTRP schemes are enabled or not. If STRP scheme is used, the UE can fallback into Rel-17 unified TCI framework. However, we think it cannot be operated that a part of channels/signals is operated by Rel-18 unified TCI framework and other part of channels/signals is operated by Rel-17 unified TCI framework. This is because the existing TCI field is reused for Rel-18 unified TCI framework.
SFN and non-SFN can be dynamically switched subject to the UE capability. Therefore, any of Alt 2 and Alt 3 is not complete solution. 
For Alt 4, the existing TCI field is used for not only PDSCH, and the existing TCI field can update the indicated TCI state(s) for all DL and/or UL channels/signals. For this reason, the existing TCI field should not be used to switch one of STRP and MTRP operations for only PDSCH.
For Alt 3A, the application of the indicated joint/DL TCI state(s) can be dynamically determined, but there is a misalignment case that PDCCH-SFN is enabled and PDSCH-SFN is not enabled. For this case, the indicated joint/DL TCI state(s) applied for the PDCCH should not be applied for the PDSCH.
Therefore, we think Alt 1 and the combined Alt 2 and Alt 3 are reasonable. Considering spec impacts, we slightly prefer Alt 1 to the combined Alt 2 and Alt 3.
Proposal 12: (1st preference) For single-DCI based MTRP, if a PDSCH is scheduled/activated by a DCI format 1_1/1_2 without the TCI selection field, a RRC configuration should inform that the UE shall apply the first one, the second one, or both of the indicated joint/DL TCI states to the scheduled/activated PDSCH reception (Alt 1).
Proposal 13: (2nd preference) For single-DCI based MTRP, if a PDSCH is scheduled/activated by a DCI format 1_1/1_2 without the TCI selection field,
· The UE shall apply the first indicated joint/DL TCI state to the PDSCH if the PDSCH SFN/FDM/TDM/SDM is not enabled (Alt 2).
· The UE shall apply both indicated joint/DL TCI states to the PDSCH if the PDSCH SFN/DM/TDM/SDM is enabled (Alt 3).
Observation 2: If the PDSCH SFN/FDM/TDM/SDM is not enabled, the UE expects to fallback into Rel-17 unified TCI framework. For this solution, other channels are also affected and operated by STRP mode.
Observation 3: It is not expected that a part of channels/signals is operated by Rel-17 unified TCI framework and other part of channels/signals is operated by Rel-18 unified TCI framework on a BWP of a serving cell.
(Case 3) Offset < threshold and (Case 4) DCI format 1_0
To simplify the Rel-18 design, the default indicated TCI state(s) should be applied to a PDSCH in Case 3 and Case 4. Namely, the default indicated TCI state(s) should be explicitly or implicitly determined by a RRC configuration. For explicit determination, the RRC configuration informs that the default indicated TCI state(s) are the first one, the second one, or both of the indicated joint/DL TCI states. For implicit determination, the default indicated TCI state is the first indicated joint/DL TCI state if the PDSCH SFN/FDM/TDM/SDM is not enabled, and the default indicated TCI states are both indicated joint/DL TCI states if the PDSCH SFN/FDM/TDM/SDM is enabled.
Proposal 14: Default indicated TCI state(s) should be applied to a PDSCH in the following cases:
· The TCI selection field in a DCI format 1_1/1_2 scheduling the PDSCH is absent, 
· The PDSCH is scheduled by a DCI format 1_0, and
· The offset between a reception of a DCI format 1_1/1_2 and the corresponding PDSCH reception is less than a threshold.
Furthermore, timeDurationForQCL defined in Rel-15 can be reused as the threshold. Since the application of the indicated TCI state(s) is done during beamAppTime in Rel-17, we think there is no additional time over head.
Proposal 15: For unified TCI framework extension, timeDurationForQCL in Rel-15 should be reused as a threshold.
PUSCH
	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, 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 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




PUSCH-MTRP scheme
[PUSCH repetition]
For SDCI-MTRP PUSCH repetition, one or two indicated TCI state(s) can be applied to a PUSCH over multiple slots. If two indicated TCI state(s) are applied to a PUSCH over multiple slots, TCI state mapping pattern depends on cycling mapping or sequential mapping.
[PUSCH STxMP]
In our view, for SDCI-MTRP PUSCH STxMP, two indicated TCI states can be applied to a PUSCH as SFN/SDM scheme.
Proposal 16: For single-DCI based MTRP, 
· If the single indicated TCI state is applied to PUSCH(s), the UE should receive PUSCH repetition or a STRP-PUSCH. 
· If the multiple indicated TCI state is applied to PUSCH(s), the UE should receive PUSCH repetition, or PUSCH STxMP. 
· FFS: UE behavior when the single indicated TCI state is applied to PUSCH(s) and PUSCH STxMP is enabled.

[Behavior for STxMP]
	[SDM]
Agreement (RAN1#110bis-e)
For SDM scheme of single-DCI based STxMP PUSCH 
· Configure two SRS resource sets for CB or NCB . 
· FFS : These two SRS resource sets can have different number of SRS resources for codebook -based or non-codebook based.
· For codebook -based PUSCH , DCI indicates two TPMI fields, and each TPMI field separately indicates the precoding information and the number of layers conveyed over the SRS ports of the indicated SRS resource in each SRS resource set. 
· For non-codebook based PUSCH and codebook -based PUSCH , DCI indicates two SRI fields and each field indicates SRS resource(s)  for each SRS resource set separately. 
· FFS : For codebook -based PUSCH , the two SRS resources indicated by the two SRI fields can have different number of SRS ports
Agreement (RAN1#110bis-e)
Support dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and sTRP transmission
· FFS the indication of dynamic switching
· FFS: max number of layers when switching to sTRP transmission
Agreement (RAN1#110bis-e)
For the switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme, Alt2 is supported. FFS: Whether Alt1 is supported in addition to Alt2.
· Alt1: Support dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme
· FFS: how to support dynamic switching, e.g., using the indicated PUSCH repetition number
· Note: It is up to gNB implementation to configure SDM scheme of single-DCI based STxMP PUSCH or Rel-17 mTRP PUSCH TDM scheme or both of them in RRC. Dynamic switching between them is only when both schemes are configured in RRC.
· Alt2: Support RRC-based switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme
Agreement (RAN1#111)
For the DMRS port indication for SDM scheme single-DCI based STxMP transmission, support Alt2:
· Alt2: the DMRS ports associated with two TPMI/SRI fields can be in same or different CDM groups.
Agreement (RAN1#111)
For dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and sTRP transmission:
· Use the 2-bit “SRS resource set indicator” DCI field to dynamically indicate the sTRP or SDM transmission.
· FFS: how to interpret each codepoint of “SRS resource set indicator”.
· For the maximal number of layers for sTRP transmission, down-select:
· Option1: The maximal number of layers of sTRP transmission is configured by the maxRank (or Lmax) in current spec
· Option2:  Configuring one additional maximal numbers of layers for sTRP transmission, in addition to maxRank in current spec.
· Down-select one from the following for maximal number of layers of SDM transmission:
· Alt1: Configure one single maximal number of layers (separate from the maximal number(s) of layers for sTRP), that is applied to the first SRS resource set and the second SRS resource set, separately.
· Alt1a: The maxRank (or Lmax) in current spec is also applied to the first SRS resource set and the second SRS resource set, separately.
· Alt2: Configure separate maximal numbers of layers for the first SRS resource set and the second SRS resource set 
· Alt3: no dedicated configuration for SDM. The maximal number(s) of layers of sTRP and the UE capability reporting for SDM are used to determine the maximal number of layers of SDM transmission.
· Alt4: The maximal number(s) of layers in above Option1/2 also applied to the first SRS resource set and the second SRS resource set, separately.
· FFS:  To ensure the same size of DCI for sTRP and SDM cases, how to use/interpret the TPMI/SRI field(s) and whether to do reserved bit or zero padding.
Agreement (RAN1#112)
For SDM scheme single-DCI based STxMP transmission, when L1 and L2 layers are indicated/determined by two TPMI fields of CB PUSCH or two SRI fields of NCB PUSCH respectively:
· The first L1 indicated DMRS ports correspond to the L1 layers indicated by the first TPMI or SRI field
· The remaining L2 indicated DMRS ports correspond to the L2 layers indicated by the second TMPI or SRI field
· Support at least one of the following options for indication of layer combination {1+2}:
· Option 1: new entry is added to DMRS table, e.g., {0, 2, 3}, {2, 0, 1}.
· Option 2: use DCI field (e.g., SRS resource set indicator) to indicate that for layer combination {1+2}, the first two indicated DMRS ports correspond to the 2 layers indicated by the second TPMI or SRI field and the rest one indicated DMRS port correspond to the layer indicated by the first TPMI or SRI field.
· Option 3: For layer combination of {1+2}, the DMRS port in the CDM group with only one port is mapped to the SRI/TPMI field indicating one layer, and the DMRS ports in the CDM group with 2 ports are mapped to the SRI/TPMI field indicating 2 layers
· Other options are not precluded
Agreement (RAN1#112bis-e)
The codepoints of “SRS resource set indicator” in DCI for dynamic switching between STxMP SDM and sTRP transmission are interpreted and the SRI/TPMI fields are designed as follows:
· The codepoints 00 and 01 indicate sTRP transmission. 00 indicates the first SRS resource set and 01 indicates the second SRS resource set. For SRI/TPMI field design, down-select one from the following Alts:
· Alt1: The DCI has two SRI fields and two TPMI fields. The first SRI field and first TPMI field are associated the first SRS resource set if codepoint = 00 or the second SRS resource set if codepoint = 01. The second SRI field and second TPMI fields are reserved.
· Alt2: the DCI has only one SRI field and one TPMI field. The SRI and TPMI field are associated with the first SRS resource set if codepoint=00 or the second SRS resource set if codepoint = 01. 
· Alt3: The DCI has two SRI fields and two TPMI fields. The first SRI field and second SRI field are concatenated into one SRI field. The first TPMI field and second TPMI field are concatenated into one TPMI field. The concatenated SRI field and the concatenated TPMI field are associated with first SRS resource set if codepoint = 00 or the second SRS resource set if codepoint = 01.
· FFS: If the concatenated bits are not sufficient, additional bits are appended to concatenated bits in order to support this feature
· Alt4: the DCI has two SRI fields and two TPMI fields.
· When the codepoint is 00, the first SRI field and first TPMI field are associated with the first SRS resource set. The second SRI field and second TPMI field are reserved. 
· When the codepoint is 01, the second SRI field and second TPMI field are associated with the second SRS resource set. The first SRI field and first TPMI field are reserved.
· The codepoints 10 indicate SDM transmission with the first and second SRS resource set.
· The first SRI field and first TPMI field are associated with the first SRS resource set and they indicate the precoder(s)/rank/SRI for the first SRS resource set.
· The second SRI field and second TPMI field are associated with the first SRS resource set and they indicate the precoder(s)/rank/SRI for the second SRS resource set.
· FFS: The codepoint 11 is reserved.

[SFN]
Agreement (RAN1#111)
· Support DCI-based dynamic switching between SFN scheme of single-DCI based STxMP PUSCH and sTRP transmission
· The DCI field “SRS resource set indicator” is used to indicate the switching between SFN scheme and sTRP transmission. 
· (Conclusion) There is no consensus to support DCI-based dynamic switching between SFN scheme and SDM scheme
Agreement (RAN1#111)
For the SFN scheme of single-DCI based STxMP PUSCH:
· Configure two SRS resource sets for CB or NCB.
· FFS: Number of SRS resources of SRS resource set, and number of SRS ports of SRS resource 
· The DCI indicates two SRI fields and TPMI fields for SFN transmission, 
· On the indication of number of layers for CB and NCB PUSCH:
· Alt1: Similar to rel-17 mTRP TDM scheme, the number of layers is indicated by the first SRI field (for NCB PUSCH) or the first TPMI field (for CB PUSCH)
Agreement (RAN1#112bis-e)
The codepoints of “SRS resource set indicator” in DCI for dynamic switching between STxMP SFN and sTRP transmission are interpreted and the design of SRI/TPMI fields are as follows:
· The codepoints 00 and 01 indicate sTRP transmission. 00 indicates the first SRS resource set and 01 indicates the second SRS resource set. 
· For the design of SRI/TPMI fields, re-use the design that is decided for dynamic switching between STxMP SDM and sTRP transmission.
· The codepoint 10 indicates STxMP SFN transmission with the first and second SRS resource set. 
· The first SRI field and first TPMI field are associated with the first SRS resource set and they indicate the precoder(s)/rank/SRI for the first SRS resource set.
· The second SRI field and second TPMI field are associated with the second SRS resource set and they indicate the precoder(s)/SRI for the second SRS resource set (the rank is indicated by the first SRI field for NCB or the first TPMI field for CB)
· FFS: The codepoint 11 is reserved.




For SDM scheme, dynamic switching between SDM and STRP scheme is done by SRS resource set indicator field. When the codepoint of the SRS resource set indicator indicates “10”, SDM scheme is enabled. Likewise, when the codepoint of the SRS resource set indicator indicates “10”, both indicated joint/UL TCI states are applied to two independent PUSCHs associated with different TRPs. According to AI9.1.4.1, DMRS ports associated with two PUSCHs can be in same or different CDM groups. For this reason, it cannot be used for mapping that the first and second joint/UL TCI states are mapped to the first and other CDM groups, respectively. However, DMRS ports associated with two PUSCHs are indicated by the first TPMI/SRI field and second TPMI/SRI field as L1 and L2. Therefore, for SDM scheme, the first joint/UL TCI state can be applied to the first L1 DMRS ports whose number is indicated by the first TPMI/SRI field, and the second joint/UL TCI state can be applied to the second L2 DMRS ports whose number is indicated by the second TPMI/SRI field. Namely, when L1 and L2 are indicated by TPMI/SRI field, L1+L2 DMRS ports are indicated by one DMRS port indication field (antenna port field). Then, the first L1 DMRS ports are used for the first PUSCH associated with the first joint/UL TCI state, and the remaining L2 DMRS ports are used for second PUSCH associated with the second joint/UL TCI state.
Proposal 17: For PUSCH-SDM scheme in single-DCI based MTRP,
· The first joint/UL TCI state should be applied to the first L1 DMRS ports indicated by a DMRS port indication field, where L1 is indicated by the first TPMI/SRI field.
· The second joint/UL TCI state should be applied to the second L2 DMRS ports indicated by the DMRS port indication field, where L2 is indicated by the second TPMI/SRI field.
Likewise, for SFN scheme, dynamic switching between SFN and STRP scheme is done by SRS resource set indicator field. However, each of both L1 and L2 is indicated by the first TPMI/SRI field, and we think there are two interpretations for PUSCH-SFN transmission. 
· Interpretation 1: L1 DMRS ports are indicated by one DMRS port indication field, and the same L1 DMRS ports are used for each of two PUSCHs. At the gNB side, one PUSCH with L1 layer is transparently received. 
· Interpretation 2: L1+L2 DMRS ports are indicated by one DMRS port indication field, the first L1 DMRS ports are used for first PUSCH, and the remaining L2 DMRS ports are used for second PUSCH. At the gNB side, both PUSCHs are received, and one TB is decoded.
Observation 4: There are two interpretations for PUSCH-SFN transmission with L1+L2 layer as the following:
· Interpretation 1: L1 DMRS ports are indicated by one DMRS port indication field, and the same L1 DMRS ports are used for each of two PUSCHs. At the gNB side, one PUSCH with L1 layer is transparently received. 
· Interpretation 2: L1+L2 DMRS ports are indicated by one DMRS port indication field, the first L1 DMRS ports are used for first PUSCH, and the remaining L2 DMRS ports are used for second PUSCH. At the gNB side, both PUSCHs are received, and one TB is decoded.
Therefore, for Interpretation 1, the first joint/UL TCI states should be applied to L1 DMRS ports indicated by a DMRS port indication field, and the second joint/UL TCI state should be applied to the same L1 DMRS ports, where the L1+L1 layers are used for PUSCH-SFN. For Interpretation 2, the first joint/UL TCI state should be applied to the first L1 DMRS ports indicated by a DMRS port indication, and the second joint/UL TCI state should be applied to the remaining L1 DMRS ports indicated by the DMRS port indication. As a difference between Interpretation 1 and Interpretation 2, whether the DMRS port indication field indicates L1 DMRS ports or L1+L1 DMRS ports. We have Interpretation 2 because we think it is common understanding to strive for common design between STxMP SDM and SFN as much as possible.
Proposal 18: (Interpretation 1) For PUSCH-SFN scheme in single-DCI based MTRP,
· The first joint/UL TCI state should be applied to L1 DMRS ports indicated by a DMRS port indication field, where L1 is indicated by the first TPMI/SRI field.
· The second joint/UL TCI state should be applied to the same L1 DMRS ports indicated by the DMRS port indication field.
NOTE: The DMRS port indication field indicates the L1 DMRS ports.
Proposal 19: (Interpretation 2) For PUSCH-SFN scheme in single-DCI based MTRP,
· The first joint/UL TCI state should be applied to L1 DMRS ports indicated by a DMRS port indication field, where L1 is indicated by the first TPMI/SRI field.
· The second joint/UL TCI state should be applied to the remaining L1 DMRS ports indicated by the DMRS port indication field.
NOTE: The DMRS port indication field indicates the L1+L1 DMRS ports.

Type 1 CG-PUSCH
For Type 1 CG-PUSCH, introducing an RRC parameter for TCI selection was agreed. In our view, the association between the selected joint/UL TCI state and DMRS ports of CG-PUSCH-SDM/SFN can be defined as the same rule of dynamic/semi-static PUSCH-SDM/SFN.

Spatial Tx filter determination for PUSCH and SRS
The UE transmits multiple SRS using spatial Tx filters, and the gNB feedback the SRS resource(s) to indicate one or two of the spatial Tx filters for PUSCH transmission. If an indicated joint/UL TCI state are applied to each SRS resource set, the SRS resource set indicator field in a DCI format 0_1/0_2 scheduling a PUSCH can select one or two SRS resource sets for the PUSCH. However, if the indicated joint/UL TCI state(s) are updated between a SRS transmission and a PUSCH transmission, the spatial Tx filter(s) used for the SRS is different from the spatial Tx filter(s) determined from the indicated joint/UL TCI state(s) applied to the PUSCH. Since two spatial Tx filters between SRS and PUSCH are different, two channel states between SRS and PUSCH are also different. Therefore, after updating the indicated joint/UL TCI state(s), the SRS needs to be transmitted to perform channel sounding, link adaptation, and scheduling at the gNB side. 
For a simple solution, the indicated joint/UL TCI state(s) should not be updated between a SRS transmission and a PUSCH transmission. If needed, when a DCI format 1_0/1_1 indicates to update the indicated joint/UL TCI state(s), the DCI format should request an aperiodic SRS such that the SRS is transmitted after the application of the indicated joint/UL TCI state(s).
Proposal 20: The indicated joint/UL TCI state(s) should not be updated between a SRS transmission and a PUSCH transmission.
Proposal 21: When a DCI format 1_0/1_1 indicates to update the indicated joint/UL TCI state(s), the DCI format should request an aperiodic SRS.
Power control
	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




The indicated joint/UL TCI state(s) are NOT associated with an UL PC parameter setting
If one or both of the indicated joint/UL TCI state(s) applied to PUSCH/PUCCH/SRS transmission don’t include the UL PC parameter setting(s) for PUSCH/PUCCH/SRS, the default UL PC parameter setting in Rel-17 is not proper for two TRPs. Therefore, we can support two default UL PC parameter settings for PUSCH/PUCCH/SRS configured in BWP-UplinkDedicated.
Proposal 22: On unified TCI framework extension, 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 PUSCH/PUCCH/SRS, support two default UL PC parameter settings for PUSCH/PUCCH/SRS configured in BWP-UplinkDedicated, and the UE should apply the one or two default UL PC parameter settings for PUSCH/PUCCH/SRS configured in the corresponding UL BWP.

The indicated joint/UL TCI state(s) are associated with an UL PC parameter setting
For STxMP, if one closed-loop index is used for two simultaneous PUSCH transmissions, two UL PC parameter settings and two PL-RSs included in two indicated joint/UL TCI states are overlapped, and either of both needs to be dropped/ignored. To avoid this, two indicated joint/UL TCI states should have two closed loop indexes (i.e., ) if both indicated joint/UL TCI states are associated with UL PC parameter settings and PL-RSs. Regarding association of the indicated joint/UL TCI state with a closed loop index, “first” and “second” should simply correspond to  and .
Proposal 23: For single-DCI based MTRP, two indicated joint/UL TCI states should have two closed loop indexes (i.e., ) if both indicated joint/UL TCI states are associated with UL PC parameters.
Proposal 24: For unified TCI framework extension, the first and second indicated joint/UL TCI states should be associated with the first closed loop index (i.e., ) and the second closed loop index (i.e., ), respectively.

1.3. Others
CJT
	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
On unified TCI framework extension, up to 2 joint TCI states can be indicated by MAC-CE/DCI and applied to CJT-based PDSCH reception (PDSCH-CJT) in a BWP/CC configured with joint DL/UL TCI mode
· Support of 1 or 2 indicated joint TCI states for PDSCH-CJT is up to UE capability
· FFS: QCL type(s)/assumption(s) of the indicated joint TCI state(s) applied to PDSCH-CJT 
· Note: On how to inform UE to apply which indicated joint TCI state(s) to target channel(s)/signal(s) in the BWP/CC, it is discussed individually in AI 9.1.1.1

Agreement
On unified TCI framework extension, PDSCH-CJT is supported as a S-DCI based MTRP scheme
Note: Above does not preclude discussions specific to PDSCH-CJT design in the unified TCI framework

Agreement
[bookmark: _Hlk131767204]On unified TCI framework extension, down-select at least one of the following alternatives 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
· 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




In our view, for PDSCH-CJT, there are two alternatives for QCL assumptions/types of both indicated joint TCI states as the following:
· Alt 1: PDSCH DMRS port(s) is QCLed with the DL RSs of both indicated joint TCI states with respect to QCL-TypeA
· Alt 2: 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
If the same DMRS port is QCLed with multiple DL RSs, we think the UE receives the same PDSCH DMRS for multiple reception processes by using multiple large-scale properties, and then combines the multiple received PDSCH DMRSs. For Alt 2, if the UE has the high speed, the doppler shift and doppler spread are estimated based on a TRP-specific TRS, and for the PDSCH-CJT transmission from multiple TRPs, one of large-scale parameters for multiple TRPs has no QCL assumption of doppler shift and doppler spread. However, we are still open to discuss about a use case of Alt 2, and at least support Alt 1 so far.
Proposal 25: On unified TCI framework extension, for PDSCH-CJT applying both indicated joint TCI states, we support at least that PDSCH DMRS port(s) is QCLed with the DL RSs of both indicated joint TCI states with respect to QCL-TypeA.

Conclusion
In this contribution, we have the following proposal:
Observation 1: For multi-DCI based MTRP, since it is corner case that ackNackFeedbackMode = “joint”, in this case, it is enough that fixed rules is applied to a PUCCH (e.g., the indicated joint/UL TCI state specific to the CORESET pool index value 0 is applied to a PUCCH scheduled by a PDCCH).
Proposal 1: For multi-DCI based MTRP, the indicated TCI state specific to a CORESET pool index should be applied to a PUCCH scheduled by a PDCCH on a CORESET associated with the same CORESETE pool index (i.e., Support Opt3).
Proposal 2: The indicated TCI state specific to a CORESET pool index is applied to a Type 1 CG-PUSCH corresponding to a ConfiguredGrantConfig including SRS_resource_set_index of a SRS resource set associated with the same CORESET pool index.
Proposal 3: For multi-DCI based MTRP, the indicated TCI state specific to a CORESET pool index should be applied to a SRS on a SRS resource set corresponding to the same CORESET pool index if the SRS resource set is configured to follow the indicated joint/UL TCI state by followingUnifiedTCIState.
Proposal 4: The size of the TCI field should remain 3 bits.
Proposal 5: For unified TCI framework,
· If a TCI state is activated and mapped to each codepoint in the existing TCI field, Rel-17 STRP operation should be enabled.
· If multiple TCI states are activated and mapped to at least one codepoint in the existing TCI field, Rel-18 MTRP operation should be enabled.
Proposal 6: A CC is operated in Rel-18 unified TCI framework for SDCI based MTRP
· if a TCI state activation command that activates at least one TCI codepoint mapped with more than one TCI states is received and applied in the CC.
Proposal 7: For single-DCI based MTRP, RRC configuration should inform that the UE shall apply the first one, second one, both, or none of the indicated joint/DL TCI states on a CORESET, not a group of CORESETs.
Proposal 8: For single-DCI based MTRP, if a CORESET with index 0 is associated with search space zero for Type 0/0A/2 CSS sets, the CORESET can be configured by RRC to apply the first indicated joint/DL TCI state or the second indicated joint/DL TCI state to PDCCH reception on the CORESET.
Proposal 9: For single-DCI based MTRP, 
· If the single indicated TCI state is applied to a CORESET, the UE should receive a PDCCH repetition or STRP-PDCCH on the CORESET.
· FFS: UE behavior when the multiple indicated TCI states is applied to a CORESET and search space linking is enabled for the CORESET.
· If the multiple indicated TCI state is applied to a CORESET, the UE should receive a PDCCH SFN on the CORESET.
· FFS: UE behavior when the single indicated TCI state is applied to a CORESET and PDCCH SFN is enabled.  
Proposal 10: For single-DCI based MTRP, the first and second selected TCI states should be mapped to
· the first and other non-overlapping frequency domain resources for PDSCH FDM scheme A/B, respectively.
· the first and other PDSCH transmission occasions for PDSCH TDM scheme A, respectively.
· the first and other CDM groups for PDSCH SDM scheme, respectively.
Proposal 11: For single-DCI based MTRP, 
· If the single indicated TCI state is applied to the PDSCH(s), the UE should receive a PDSCH repetition or STRP-PDSCH. 
· If the multiple indicated TCI state is applied to the PDSCH, the UE should receive a PDSCH repetition, or PDSCH SFN/FDM/TDM/SDM.
· FFS: UE behavior when the single indicated TCI state is applied to a PDSCH and PDSCH SFN/FDM/TDM/SDM is enabled.
Proposal 12: (1st preference) For single-DCI based MTRP, if a PDSCH is scheduled/activated by a DCI format 1_1/1_2 without the TCI selection field, a RRC configuration should inform that the UE shall apply the first one, the second one, or both of the indicated joint/DL TCI states to the scheduled/activated PDSCH reception (Alt 1).
Proposal 13: (2nd preference) For single-DCI based MTRP, if a PDSCH is scheduled/activated by a DCI format 1_1/1_2 without the TCI selection field,
· The UE shall apply the first indicated joint/DL TCI state to the PDSCH if the PDSCH SFN/FDM/TDM/SDM is not enabled (Alt 2).
· The UE shall apply both indicated joint/DL TCI states to the PDSCH if the PDSCH SFN/DM/TDM/SDM is enabled (Alt 3).
Observation 2: If the PDSCH SFN/FDM/TDM/SDM is not enabled, the UE expects to fallback into Rel-17 unified TCI framework. For this solution, other channels are also affected and operated by STRP mode.
Observation 3: It is not expected that a part of channels/signals is operated by Rel-17 unified TCI framework and other part of channels/signals is operated by Rel-18 unified TCI framework on a BWP of a serving cell.
Proposal 14: Default indicated TCI state(s) should be applied to a PDSCH in the following cases:
· The TCI selection field in a DCI format 1_1/1_2 scheduling the PDSCH is absent, 
· The PDSCH is scheduled by a DCI format 1_0, and
· The offset between a reception of a DCI format 1_1/1_2 and the corresponding PDSCH reception is less than a threshold.
Proposal 15: For unified TCI framework extension, timeDurationForQCL in Rel-15 should be reused as a threshold.
Proposal 16: For single-DCI based MTRP, 
· If the single indicated TCI state is applied to PUSCH(s), the UE should receive PUSCH repetition or a STRP-PUSCH. 
· If the multiple indicated TCI state is applied to PUSCH(s), the UE should receive PUSCH repetition, or PUSCH STxMP. 
· FFS: UE behavior when the single indicated TCI state is applied to PUSCH(s) and PUSCH STxMP is enabled.
Proposal 17: For PUSCH-SDM scheme in single-DCI based MTRP,
· The first joint/UL TCI state should be applied to the first L1 DMRS ports indicated by a DMRS port indication field, where L1 is indicated by the first TPMI/SRI field.
· The second joint/UL TCI state should be applied to the second L2 DMRS ports indicated by the DMRS port indication field, where L2 is indicated by the second TPMI/SRI field.
Observation 4: There are two interpretations for PUSCH-SFN transmission with L1+L2 layer as the following:
· Interpretation 1: L1 DMRS ports are indicated by one DMRS port indication field, and the same L1 DMRS ports are used for each of two PUSCHs. At the gNB side, one PUSCH with L1 layer is transparently received. 
· Interpretation 2: L1+L2 DMRS ports are indicated by one DMRS port indication field, the first L1 DMRS ports are used for first PUSCH, and the remaining L2 DMRS ports are used for second PUSCH. At the gNB side, both PUSCHs are received, and one TB is decoded.
Proposal 18: (Interpretation 1) For PUSCH-SFN scheme in single-DCI based MTRP,
· The first joint/UL TCI state should be applied to L1 DMRS ports indicated by a DMRS port indication field, where L1 is indicated by the first TPMI/SRI field.
· The second joint/UL TCI state should be applied to the same L1 DMRS ports indicated by the DMRS port indication field.
NOTE: The DMRS port indication field indicates the L1 DMRS ports.
Proposal 19: (Interpretation 2) For PUSCH-SFN scheme in single-DCI based MTRP,
· The first joint/UL TCI state should be applied to L1 DMRS ports indicated by a DMRS port indication field, where L1 is indicated by the first TPMI/SRI field.
· The second joint/UL TCI state should be applied to the remaining L1 DMRS ports indicated by the DMRS port indication field.
NOTE: The DMRS port indication field indicates the L1+L1 DMRS ports.
Proposal 20: The indicated joint/UL TCI state(s) should not be updated between a SRS transmission and a PUSCH transmission.
Proposal 21: When a DCI format 1_0/1_1 indicates to update the indicated joint/UL TCI state(s), the DCI format should request an aperiodic SRS.
Proposal 22: On unified TCI framework extension, 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 PUSCH/PUCCH/SRS, support two default UL PC parameter settings for PUSCH/PUCCH/SRS configured in BWP-UplinkDedicated, and the UE should apply the one or two default UL PC parameter settings for PUSCH/PUCCH/SRS configured in the corresponding UL BWP.
Proposal 23: For single-DCI based MTRP, two indicated joint/UL TCI states should have two closed loop indexes (i.e., ) if both indicated joint/UL TCI states are associated with UL PC parameters.
Proposal 24: For unified TCI framework extension, the first and second indicated joint/UL TCI states should be associated with the first closed loop index (i.e., ) and the second closed loop index (i.e., ), respectively.
Proposal 25: On unified TCI framework extension, for PDSCH-CJT applying both indicated joint TCI states, we support at least that PDSCH DMRS port(s) is QCLed with the DL RSs of both indicated joint TCI states with respect to QCL-TypeA.
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