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Introduction
[bookmark: _Ref494215420]In RAN #94 meeting, the following objectives on unified TCI framework for multi-TRP have been agreed [1].
	2. Specify 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.
6. Study, and if needed, specify 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 precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· 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 mullti-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.
7. Study, and if justified, specify the following 
· Two TAs for UL multi-DCI for multi-TRP operation 
· Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.


In this contribution, we provide some discussion on the unified TCI framework extension for indication of multiple DL/UL TCI states and power control for UL MTRP transmission. 

Discussion
Mapping between indicated TCI states and channels/signals
PDSCH
[bookmark: OLE_LINK14]For m-DCI based PDSCH MTRP scheme, it has been agreed that the UE shall apply the indicated joint/DL TCI state specific to a coresetPoolIndex value to PDSCH scheduled/activated by PDCCH on a CORESET that is associated with the same coresetPoolIndex value.
For s-DCI based PDSCH MTRP scheme, in the previous meetings [2]-[4], RAN1 has agreed that how to determine the association between indicated TCI state(s) and PDSCH in S-DCI based MTRP scheme. The agreements are summarized in the following table.
Table I. UE behaviours in S-DCI based PDSCH MTRP transmission 
	
	UE support two default beam (or UE is in FR1)
	UE does not support two default beam

	
	Timeoffset≥a threshold
	Timeoffset<a threshold
	Timeoffset≥a threshold
	Timeoffset<a threshold

	PDSCH reception scheduled/activated by DCI format 1_1/1_2 
	with TCI selection field
	Follow TCI selection field
	Apply the 1st indicated uTCI state

	
	w/o TCI selection field
	Apply both indicated uTCI states
	

	PDSCH reception scheduled/activated by DCI format 1_0 
	with RRC configuration
	Follow RRC configuration 
(1st、2nd or both indicated uTCI state)
	

	
	w/o RRC configuration
	Apply the 1st indicated uTCI state


However, an FFS is still left that the value of the “a threshold” should be defined. It has been agreed that if the scheduling time offset is equal or larger than a threshold the UE can apply the indicated TCI states according to the TCI selection or RRC configuration (if it is present). Since the UE takes time to figure out the format and contents of the DCI. The legacy TimeDurationforQCL can be reused, and there is no need to introduce a new threshold. 
Proposal 1: Reuse the TimeDurationforQCL as the threshold.
PUCCH
For m-DCI based MTRP, the association between indicated TCI states and PUCCH transmission also needs to be determined. According to the discussion in RAN1#112 and RAN1#112b-e, the following agreements were achieved:
	Agreement (RAN1#112b-e)
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
Agreement (RAN1#112)
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


Since there are multiple types of PUCCH resource, a unified and simple solution is expected to indicate the mapping between the indicated TCI state and PUCCH transmission, if the mapping rule for different types of PUCCH are different, the discussion will become complicated. Opt2 can be applied to all the cases including the PUCCH carrying HARQ-ACK/BFR that are mentioned in Opt3 and Opt4. According to the agreement achieved in last meeting, we prefer to only support opt 2 for TCI selection in m-DCI based PUCCH MTRP transmission.
Proposal 2: For m-DCI based PUCCH transmission, only support opt2.
PUSCH
	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


For the 2nd FFS in agreement, the same issue has been discussed in both Rel-17 and Rel-18. To clarify the UE behavior, we think the beam misalignment between the indicated TCI state(s) for PUSCH transmission and the spatial filter(s) for SRS should be avoided by gNB implement. Although it may not have any impact on the specification, a common understanding (conclusion) should be achieved to avoid misunderstanding.
Proposal 3: 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 should be avoided by gNB implement.
CSI-RS
[bookmark: OLE_LINK7]For s-DCI based transmission, the following agreement was achieved in RAN1#112b:
	Agreement [112]
On unified TCI framework extension for S-DCI based MTRP, an RRC configuration can be provided in CSI-AssociatedReportConfigInfo of CSI-AperiodicTrigger State for each CSI-RS resource set or for each CSI-RS resource in each aperiodic CSI-RS resource set to inform that the UE shall apply the first or the second indicated joint/DL TCI state to the CSI-RS resource if the aperiodic CSI-RS resource set for CSI/BM is configured to follow unified TCI state
· Above applies at least if the offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in the aperiodic CSI-RS resource set is equal to or larger than a threshold (if the threshold is needed)
· FFS: If the UE is configured for CSI-RS resource set, for an aperiodic CSI-RS resource set configured with two Resource Groups for NCJT CSI and configured to follow unified TCI state, if above RRC configuration is not provided to the aperiodic CSI-RS resource set, the UE shall apply the first indicated joint/DL TCI state to the CSI-RS resource(s) in Group 1 and the second indicated joint/DL TCI state to the CSI-RS resource(s) in Group 2.
· ‘per CSI-RS resource set’ or ‘per CSI-RS resource’ is up to UE capability


According to the agreement, when an aperiodic CSI-RS resource set that follows unified TCI state is configured with two Resource Groups for NCJT CSI measurement, the RRC configuration can be provided for each CSI-RS resource to inform the UE shall apply the first or the second indicated TCI state if UE has the capability of “per CSI-RS resource” configuration for TCI selection. However, if the RRC configuration is not provided for each CSI-RS resource, the fixed rule mentioned in FFS can be supported to avoid misunderstanding 
Proposal 4: If an aperiodic CSI-RS resource set that follows unified TCI state is configured with two Resource Groups for NCJT CSI measurement and the RRC configuration for TCI selection is not provided, a fixed rule can be introduced to determine the mapping between CSI-RS resource group and indicated TCI state, i.e., UE shall apply the first indicated joint/DL TCI state to the CSI-RS resource(s) in Group 1 and the second indicated joint/DL TCI state to the CSI-RS resource(s) in Group 2.
UL power control for UL MTRP operation
Default PC parameter setting for UL MTRP
	Agreement [112]
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]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


For the 2nd FFS, if the power control parameter settings are not configured in the indicated TCI states, default power control parameters should be determined. According to the pre-meeting discussion, two alternatives are listed:
· Alt1: Support a first and a second UL PC parameter settings for PUSCH/PUCCH/SRS configured in BWP-UplinkDedicated, i.e., if the first/second indicated joint/UL TCI state doesn’t include an UL PC parameter setting, the UE should apply the first/second UL PC parameter setting for PUSCH/PUCCH/SRS configured in the corresponding UL BWP
· Alt2: No change from Rel-17 unified TCI framework, i.e., if any of the indicated joint/UL TCI states doesn’t include an UL PC parameter setting, the UE shall apply the one single UL PC parameter setting for PUSCH/PUCCH/SRS configured in the corresponding UL BWP
[bookmark: OLE_LINK11]For UL MTRP transmission, two PC parameter settings should be provided to different TRPs for path-loss estimation and UL transmission. Two default PC parameter settings could be used to determine the transmitted power and PLRS if the power control parameters are not included in the joint/UL TCI states applied to PUSCH/PUCCH/SRS. Similar to Rel-17 the default PC sets can be configured in BWP-UplinkDedicated.
[bookmark: OLE_LINK10]Proposal 5: Support Alt 1. Two default power control parameter settings can be configured in BWP-UplinkDedicated.
PHR report
PHR report can be regarded as two parts: PHR triggering and PHR reporting. In terms of PHR triggering in Rel-17, if the phr-ProhibitTimer expires and (or) the path loss has changed more than phr-Tx-PowerFactorChange dB for at least one RS used as pathloss reference for one activated Serving Cell, the PHR is triggered. The joint trigger condition mentioned above is corresponded to Rel-17 MTRP PUSCH repetition. However, in Rel-18 STxMP transmission, two panels will transmit in a serving cell simultaneously, corresponding to different TRPs. For s-DCI based STxMP, the joint triggering condition in Rel-17 could be reused to reduce the impact of specification. For m-DCI based STxMP, the triggering condition in Rel-17 could be reused as well, alternatively, since the power reduction should be performed on two panels separately, it is also reasonable to consider a separate triggering condition to achieve efficient PHR reporting. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 6: For s-DCI based transmission, the joint triggering condition in Rel-17 could be reused, and for m-DCI based STxMP transmission, a separate triggering condition could be considered as well.
[bookmark: _GoBack]When the triggering condition is met, two PH values are calculated and reported. Whether the PH value is actual or virtual depends on the transmission scheme, i.e. STRP transmission or STxMP transmission. In terms of PHR report determination, the PHR reporting is determined as follows in Rel-17.
	When PHR MAC-CE is reported in slot n, for a CC that is configured with mTRP PUSCH repetition, second PHR value is determined as:
· If the first PHR value is actual PHR (based on Rel. 15/16) corresponding to a repetition among mTRP PUSCH repetitions associated with a given TRP, the second PHR value, is actual only when a repetition associated with the other TRP is transmitted in slot n. Otherwise, it is virtual.
· If there are multiple repetitions associated with the other TRP in slot n, the earliest one in slot n is selected.
· If the first PHR value is actual PHR (based on Rel. 15/16) but not corresponding to a repetition among mTRP PUSCH repetitions (corresponds to sTRP PUSCH), a second PHR value is reported as virtual PHR.
· If the first PHR value is virtual, a second PHR value is reported as virtual PHR.


In STxMP case, for s-DCI based and m-DCI based transmission, the design of PHR reporting in Rel-17 could be reused to STxMP as much as possible. For m-DCI based STxMP, it is reasonable to consider the separate PHR reporting per panel, especially for non-ideal backhaul case, where PHR reporting for each panel can be triggered, calculated and transmitted respectively.  
Proposal 7: 
· [bookmark: OLE_LINK8][bookmark: OLE_LINK2]For s-DCI based STxMP transmission, the design of PHR reporting in Rel-17 could be reused to STxMP as much as possible.
· For m-DCI based STxMP, support separate PHR reporting.

BFR Aspect
The BFR procedure has been introduced since in Rel-15 to recover the communication link between gNB and UE. In Rel-15, the UE can be provided a configuration for PRACH transmission to carry BFRQ information for the PCell. Then, in order to support MTRP transmission, the MTRP based BFR is introduced in Rel-17. As for Rel-18, in MTRP transmission, the TRP-specific BFR has been discussed in RAN 1#110b-e.Based on all of the above, how to perform the TRP-specific BFR and further reduce the cost of signaling is an issue worth discussing. For unified TCI framework, when CC list is configured, a common TCI state ID can be used to provide common QCL information and/or common UL TX spatial filter across the configured CCs, which can be used to reduce signaling overhead for TRP-specific BFR. For example, if CC list is configured, BFD RS set can be configured on the reference CC and the beam failure declaration is applied to all CCs in the CC list. While the new beam in BFR MAC CE can be used for the common TCI state update for the CC list.
Proposal 8: Consider the overhead reduction of TRP-specific BFR procedure in CA case.
 In Rel-16, if the BFD-RS sets are not configured in RRC explicitly in m-DCI based MTRP, the BFD-RS sets can be implicitly determined. However, for S-DCI based MTRP transmission, the BFD-RS set should be determined in explicit way. Considering the enhancement in Rel-18, the implicit BFD-RS determination should be considered, similar to the implicit BFD-RS determination scheme in Rel-16, the RSs in TCI states could be considered as the candidate for the BFD-RS.
Proposal 9: If the UE is not explicitly provided the first BFD-RS set and the second BFD-RS set for TRP-specific BFR and if both first and second indicated joint/DL TCI states are configured by RRC to be applied to CORESETs for PDCCH reception, the UE determines the BFD-RS for the first and second BFD-RS sets from the first and second indicated joint/DL TCI states, respectively. 

Conclusion
In this contribution, extension of unified TCI framework for MTRP operation was discussed. Based on the discussion in the previous sections, we made the following proposals:
Proposal 1: Reuse the TimeDurationforQCL as the threshold.
Proposal 2: For m-DCI based PUCCH transmission, only support opt2.
Proposal 3: 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 should be avoided by gNB implement.
Proposal 4: If an aperiodic CSI-RS resource set that follows unified TCI state is configured with two Resource Groups for NCJT CSI measurement and the RRC configuration for TCI selection is not provided, a fixed rule can be introduced to determine the mapping between CSI-RS resource group and indicated TCI state, i.e., UE shall apply the first indicated joint/DL TCI state to the CSI-RS resource(s) in Group 1 and the second indicated joint/DL TCI state to the CSI-RS resource(s) in Group 2.
Proposal 5: Support Alt 1. Two default power control parameter settings can be configured in BWP-UplinkDedicated.
Proposal 6: For s-DCI based transmission, the joint triggering condition in Rel-17 could be reused, and for m-DCI based STxMP transmission, a separate triggering condition could be considered as well.
Proposal 7: 
· For s-DCI based STxMP transmission, the design of PHR reporting in Rel-17 could be reused to STxMP as much as possible.
· For m-DCI based STxMP, support separate PHR reporting.
Proposal 8: Consider the overhead reduction of TRP-specific BFR procedure in CA case.
Proposal 9: If the UE is not explicitly provided the first BFD-RS set and the second BFD-RS set for TRP-specific BFR and if both first and second indicated joint/DL TCI states are configured by RRC to be applied to CORESETs for PDCCH reception, the UE determines the BFD-RS for the first and second BFD-RS sets from the first and second indicated joint/DL TCI states, respectively. 
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