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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 multi-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.


Further, during the RAN1#109-e~RAN1#111 meetings, some agreements were achieved [2]-[5]. 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 single DCI for MTRP operation based on previous discussion[6]. 

Discussion
TCI state update and activation
During the discussion in RAN1#111, the following agreement was achieved.
	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


It has been agreed that the TCI field can indicate 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, then a FFS was left that is whether to increase the size of the TCI field. In our view, in order to achieve TCI indication for up to two TRPs in one beam indication as mentioned above in Rel-18, enhancement on MAC CE design is needed but there is no need to increase the length of TCI field for less specification impact. Since the TCI state indication for MTRP has been supported in Rel-16, in which the max number of activated TCI states in MAC CE is 8, and 3-bit length TCI field is used for codepoint selection. Similarly, in Rel-18, 8 codepoint is sufficient for TCI selection while the MAC CE includes 1~4 alternative TCI states for each TRP.  
Proposal 1： To reduce specification impact, do not support to increase the size of the TCI field.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Besides, regarding to the details of beam indication, a fundamental question should be solved that if UE receives a TCI state indication in which the number of indicated TCI states are different from the current TCI states, how to determine the UE’s behavior after receiving the TCI state indication. There are two possible understandings: 
Alt 1: The indicated TCI states are only used for TCI state update as Rel-17.
Alt 2: STRP/MTRP scheme is switched according to the numbers of indicated TCI states.
Since unified TCI for MTRP can provide multiple TCI states for multiple TRP transmissions via a single beam indication instance, even including both uplink and downlink channels, it is too restricted to determine whether to perform STRP/MTRP switch only by the number of indicated TCI states. It is unreasonable to switch the STRP/MTRP scheme simultaneously for all channels, which will loss the flexibility of transmission. In other word, the scheme of switching between STRP and MTRP should be discussed separately for each channel. In addition, in Rel-17, The SRS resource set indicator has been introduced to indicate the STRP/MTRP switch for PUSCH, and a new DCI field was introduced in RAN1#111 to indicated how many or which indicated TCI state(s) is(are) applied for PDSCH reception, which could be regarded as a dynamic STRP/MTRP switching indicator.
Based on the discussion above, we tend to support the former understanding, that is, TCI field is only used for TCI state update as in Rel-17. For example, if currently applied TCI states are {2 pairs of DL and UL TCI states} while {1 UL TCI state for TRP1+1 DL TCI state for TRP2} is newly indicated, the UE should apply the corresponding UL TCI state for TRP1 and DL TCI state for TRP2, and keep the others TCI states (i.e., UL TCI state for TRP2 and DL TCI state for TRP2) as the same.
Proposal 2: For s-DCI based MTRP, the number of indicated TCI states is not used for STRP/MTRP switching.

Mapping between indicated TCI states and channels/signals
PDSCH
For m-DCI based MTRP，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 reception, the following agreements were achieved in RAN1#111
	Agreement
On unified TCI framework extension for S-DCI based MTRP, a DCI field in DCI format 1_1/1_2 that schedules/activates PDSCH reception is used to determine which one or both of the indicated joint/DL TCI states shall be applied to the scheduled/activated PDSCH reception
· The presence of the DCI field is configurable by RRC; when the DCI field is not present in DCI format 1_1/1_2, the UE shall apply the default indicated joint/DL TCI state(s) to PDSCH reception
· FFS: Details on the default indicated joint/DL TCI state(s) to PDSCH reception
· FFS: The DCI field is a new indicator field or an existing field (e.g., the existing TCI field)
· FFS: Regardless the DCI field is present or not present, how to apply the indicated joint/DL TCI state(s) to PDSCH reception if the offset between the reception of the DCI format 1_1/1_2 and the corresponding PDSCH reception is less than a threshold 
FFS: How to apply the indicated joint/DL TCI state(s) to PDSCH reception scheduled/activated by DCI format 1_0.
Above applies for the case where PDSCHs scheduled by the same DCI.
 
Agreement
On unified TCI framework extension for S-DCI based MTRP, a new indicator field is supported as the DCI field in DCI format 1_1/1_2 that schedules/activates PDSCH reception to determine which one or both of the indicated joint/DL TCI states shall be applied to the scheduled/activated PDSCH reception
· FFS: Detail design of the new indicator field


In terms of detailed design of the new indicator field,
· Option 1: the new indicator field only determine which one or both of the indicated joint/DL TCI states that applied to the scheduled/activated PDSCH reception, the association between PDSCH and the indicated TCI states is determined by default rule.
· Option 2: the indicator field can both determine which one or both of the indicated joint/DL TCI states that applied to the scheduled/activated PDSCH reception and determine the association between PDSCH and the indicated TCI states.
If option 1 is adopted, 2 bits-length field should be introduced, e.g., “00”, “01”, “10” stand for the UE shall apply the 1st, 2nd, or both indicated TCI states, respectively.  If option 2 is adopted, similarly, 2 bit-length field should be introduced. Besides, in option 2, the “11” codepoints is introduced to indicate the association between indicated TCI state(s) and PDSCH reception in different transmission scheme. For instance, the codepoints can be determined as follows:
	
	SDM
	FDM
	TDM
	SFN

	00
	UE shall apply the 1st  indicated joint/DL TCI state
	——

	01
	UE shall apply the 2nd  indicated joint/DL TCI state
	——

	10
	1st TCI state and 2nd  TCI are associated with 1st CDM group and 2nd  CDM group, respectively.

	1st TCI state and 2nd  TCI are associated with PRGs with even and odd index, respectively.
	1st TCI state and 2nd  TCI are associated with 1st transmission occasion and 2nd transmission occasion, respectively. 
	UE apply both the 1st and 2nd indicated TCI states

	11
	1st TCI state and 2nd  TCI are associated with 2nd CDM group and 1st  CDM group, respectively.

	1st TCI state and 2nd  TCI are associated with PRGs with odd and even index, respectively.
	1st TCI state and 2nd  TCI are associated with 2nd transmission occasion and 1st transmission occasion, respectively.
	


In addition, the switching between STRP and MTRP transmission scheme for PDSCH can be achieved by this field, if “00” or “01” is indicated, the PDSCH is transmitted in STRP scheme, else if “10” or“11” is indicated, MTRP transmission scheme is adopted.
[bookmark: OLE_LINK2]Proposal 3: In terms of detailed design of the new indicator field, the indicator field also can indicate the association between PDSCH and the indicated TCI states.
If the new DCI field is not present, some default rules should be introduced to determine the association between indicated joint/DL TCI state(s) and PDSCH reception as mentioned in FFS. A simple way could be considered that the UE always applies the first indicated joint/DL TCI state for PDSCH reception.
Proposal 4: If the new DCI field is not present, the UE should always applies the first indicated joint/DL TCI state for PDSCH reception.
[bookmark: OLE_LINK11]When PDSCH is scheduled/activated by DCI format 1_0/1_1/1_2, and the TCI field does not exist. If UE is configured with both sfnSchemePdcch and sfnSchemePdsch, the indicated joint/DL TCI state(s) for PDSCH reception should refer to the TCI state(s) that is (are) applied to PDCCH. Otherwise, if sfnSchemePdsch is not configured, the UE could assume that the TCI state for the PDSCH is identical to the first TCI state which is applied for the CORESET used for the PDCCH transmission which is consistent with the current specification.
Proposal 5: When the TCI field is not present, the indicated joint/DL TCI state(s) to PDSCH reception can be determined as:
· If UE is configured with both sfnSchemePdcch and sfnSchemePdsch, the TCI state(s) applied to PDSCH is identical to the TCI state(s) whichever is applied for the PDCCH.
· Otherwise, if sfnSchemePdsch is not configured, the TCI state for the PDSCH is identical to the first TCI state which is applied for the PDCCH transmission.
Besides, the previous discussion all based on the premise that the the offset between the reception of the DCI  and the corresponding PDSCH reception is equal or greater than a threshold, the case that scheduling offset is less than threshold also needs to be considered as well. In Rel-17, the similar issue has been discussed and the related agreement was achieved.
	Agreement
If scheduling offset < threshold (timeDurationForQCL), regardless of configuration of followUnifiedTCIstate 
1) If the indicated TCI is associated with PCI different from serving cell PCI (i.e. inter-cell), 
a. UE should apply Rel.15 default QCL assumption for both non-UE dedicated and UE dedicated PDSCH (i.e. QCL assumption of the lowest CORESET ID in the latest slot)
b. If the QCL-TypeD property for default beams in a slot for CCs in a band are different, the default beam for the CC with lowest ID is prioritized, i.e. the default beam for the CC with lowest ID is applied to all the CCs in a band
2) If the indicated TCI is associated with serving cell PCI (i.e. intra-cell), UE always uses indicated TCI for both UE-dedicated/non-UE-dedicated PDSCH (i.e. no need to consider default QCL) 
The same approach as above is applied to default beam for aperiodic CSI-RS.
Note: UE is not expected to receive a non-UE dedicated PDSCH if the source RS of the TCI state of the corresponding PDSCH is not associated with the serving cell PCID. 


In order to reduce the specification impact, the agreement in Rel-17 should be reused as much as possible, which can be summarized as below:
Proposal 6: For the case that the scheduling offset is less than threshold, if all of the indicated TCI state(s) is (are) associated with the PCI of the serving cell, the indicated TCI state(s) is(are) applied to PDSCH reception.
Proposal 7: For the case that the scheduling offset is less than threshold, if the one of indicated TCI states is associated with a PCI different from the serving cell, the TCI state for PDSCH reception follows the TCI state that applied to the CORESET with lowest ID in the latest slot.

PUCCH
For s-DCI based PUCCH transmission, an agreement has been achieved in RAN1#111,
	Agreement
On unified TCI framework extension for S-DCI based MTRP, use RRC configuration to inform that the UE shall apply the first one, the second one, or both of the indicated joint/UL TCI states to a PUCCH resource/group
· Note: Detail of the RRC configuration is left to RAN2 design


For m-DCI based MTRP, the association between indicated TCI states and PUCCH needs to be determined. For the PUCCH resource scheduled by PDCCH, there is an implicit association between PUCCH and coresetPoolIndex value. Based on the agreement in RAN1#110b-e meeting about the PDCCH and PDSCH reception for m-DCI based TRP transmission, it can be further propose that the UE can apply the indicated UL TCI state specific to a coresetPoolIndex value to PUCCH scheduled/activated by PDCCH on a CORESET that is associated with the same coresetPoolIndex value. 
For the PUCCH that is not scheduled by PDCCH, an RRC parameter could be introduced to inform the association between PUCCH resource and coresetPoolIndex. Then, the indicated TCI state corresponding to a corsetPoolIndex value is applied for the PUCCH resource that is associated with the same value.
Proposal 8: For m-DCI based MTRP PUCCH transmission
· If PUCCH is scheduled by PDCCH on a CORESET that is associated with a coresetPoolIndex value, the UE shall apply the indicated TCI state specific to the same coresetPoolIndex value.
· Otherwise, an RRC parameter could be introduced to inform the association between PUCCH resource and coresetPoolIndex.

PUSCH
	Agreement
On unified TCI framework extension for M-DCI based MTRP, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to PUSCH transmission scheduled/activated by PDCCH (including DG-PUSCH and Type2 CG-PUSCH) on a CORESET that is associated with the same coresetPoolIndex value
Agreement
On unified TCI framework extension for S-DCI based MTRP, use an indicator field (could be reusing an existing DCI field or introducing a new DCI field) in the DCI format 0_1/0_2 to inform which joint/UL TCI state(s) indicated by MAC-CE/DCI the UE shall apply to PUSCH transmission scheduled/activated by the DCI format 0_1/0_2


For s-DCI based transmission, in Rel-17 the “SRS resource set indicator field” is introduced in format 0_1/0_2 to indicate the switching between STRP/MTRP for PUSCH transmission. We think SRS resource set indicator field should be reused and the codepoints can be re-interpreted in different transmission scheme as discussed in subsection 2.2.1.
Proposal 9: For s-DCI based PUSCH transmission, reuse the existing SRS resource set indicator field in DCI format 0_1/0_2 to inform which joint/UL TCI state(s) is (are) applied to PUSCH transmission (including DG-PUSCH and type 2 CG-PUSCH) scheduled/activated by the DCI format 0_1/0_2.
[bookmark: OLE_LINK1]For PUSCH scheduled/activated by DCI format 0_0 (including DG and Type2 CG), the field “SRS resource set indicator” does not exist, then, an indicator could be introduced in SRS resource set to indicate the association between indicated TCI state(s) and PUSCH transmission. 
Proposal 10: For s-DCI based PUSCH scheduled/activated by DCI format 0_0 (including DG and Type2 CG), an indicator could be introduced in each SRS resource set to indicate which joint/UL TCI state(s) is (are) applied to PUSCH transmission.
For M-DCI based PUSCH transmission, it has been agreed that the UE shall apply the indicated joint/UL TCI state specific to a CORESETPoolIndex  value to PUSCH scheduled/activated by PDCCH on a CORESET that is associated with the same CORESETPoolIndex  value. 
	Agreement
· For multi-DCI based STxMP, to schedule a PUSCH for STxMP PUSCH+PUSCH transmission, 
· Alt1: The first SRS resource set is associated with coresetPoolIndex value 0 and the other SRS resource set is associated with coresetPoolIndex value 1
· The PUSCH is associated with SRS resource set with the same value of coresetPoolIndex 
· FFS: Which is the first SRS resource set, e.g., the set with lower set ID.
· Regarding how to interpret the SRI/TPMI field in DCI:
· For DG-PUSCH, the indicated SRI/TPMI field corresponds to the SRS resource set associated with same coresetPoolIndex value of the CORESET where scheduling DCI format 0_1 or 0_2 is received
· For Type 2 CG-PUSCH, the indicated SRI/TPMI field corresponds to the SRS resource set associated with same coresetPoolIndex value of the CORESET where activation DCI is received. 
· For Type 1 CG-PUSCH, one SRS_resource_set_index value is configured in RRC in ConfiguredGrantConfig and the srs-ResourceIndicator/precodingAndNumberOfLayers correspond to the SRS resource set


In Rel-17, for m-DCI based MTRP PUSCH, one or two SRS set(s) can be considered for transmission, however, in Rel-18 unified TCI framework, to achieve a unified solution and facilitate the TRP-specific power control, we suggest to only support the configuration of two SRS resource sets for MTRP transmission.
Proposal 11: Only support the configuration of two SRS resource sets for m-DCI based MTRP transmission in Rel-18 unified framework.
For type 1 CG-PUSCH, the PUSCH transmission is configured by RRC. In order to be consistent with the existing agreement in AI 9.1.4.1, in this case, if two SRS resource sets are configured, an indicator SRS_resource_set_index could be introduced in ConfiguredGrantConfig to indicate the association between the configured SRS resource set and CORESETPoolIndex. Then, the UE shall applied the indicated TCI state to the SRS resource set that associated with the same CORESETPoolIndex value for type 1 CG PUSCH transmission.
Proposal 12: For type 1 CG-PUSCH transmission, an indicator could be introduced in ConfiguredGrantConfig to inform which TCI states is applied to PUSCH transmission.

Reference signal
[bookmark: OLE_LINK7]With regards to the CSI-RS and SRS sharing the indicated TCI state, the mapping between the signals and indicated TCI state(s) should be determined. For AP CSI-RS/SRS which is triggered by PDCCH, the indicated TCI states applied to the RSs keep the same as that of the triggering DCI (if the transmission scheme of triggering DCI is set as SFN, the first TCI state could be applied to the RSs). Otherwise, for P/SP SRS, an RRC indicator can be introduced in each reference resource (set) to inform which indicated TCI state is applied for. 
Proposal 13: With regards to the RSs sharing the indicated TCI state,
· for AP CSI-RS/SRS that is triggered by PDCCH, the indicated TCI states applied to the RSs follow the TCI state of the CORESET carrying the triggering DCI.
· otherwise, for P/SP SRS, an RRC indicator can be introduced in each reference resource (set) to inform which indicated TCI state is applied for.

UL PC for UL MTRP
	Agreement
On unified TCI framework extension, if an indicated joint or UL TCI state applies to a PUSCH /PUCCH transmission occasion at least for S-DCI based PUSCH/PUCCH repetition with TDM and the indicated joint or UL TCI state is associated with an UL PC parameter setting for PUSCH /PUCCH (including P0, alpha for PUSCH, and closed loop index) and a PL-RS, the UE should apply the UL PC parameter setting and the PL-RS for the PUSCH /PUCCH transmission occasion.
· FFS: How to extend to other Rel-18 MTRP scheme(s) with STxMP, if supported 
· FFS: UL PC enhancement for CB and non-CB SRS in above case
FFS: The applied UL PC parameter setting if one or both indicated joint or UL TCI state(s) is not associated with an UL PC parameter setting (including P0, alpha for PUSCH, and closed loop index) for PUCCH/PUSCH 


For s-DCI based MTRP, as mentioned above, two SRS resource sets are configured and each SRS resource set can be associated with an indicated UL or joint TCI state for a TRP. For a TRP, the UL PC parameter setting and PL-RS associated with the indicated TCI state is applied for all SRS resource in a set. 
Proposal 14: For s-DCI based MTRP, two SRS resource sets can be configured and associated with different indicated TCI states respectively, for each TRP, the UL PC parameter setting and PL-RS associated with the indicated TCI state is applied for the corresponding SRS resource set.
For m-DCI based MTRP, when two SRS resource sets are configured, the same solution as s-DCI based MTRP can be reused, i.e., each SRS resource set is associated with a CORESETPoolIndex value and apply the UL PC parameter setting and PL-RS associated with the indicated TCI state with same CORESETPoolIndex value. 
Proposal 15: For m-DCI based MTRP, if two SRS resource sets are configured, each SRS resource set is associated with a CORESETPoolIndex value and apply the UL PC parameter setting and PL-RS associated with the indicated TCI state with same CORESETPoolIndex value.
Based on the agreement in RAN1#109-e meeting, the group arrived at the conclusion that for s-DCI based PUCCH/PUSCH MTRP scheme, UL power control parameter setting {p0, alpha, closed loop index} and a PL-RS associated with indicated joint/UL TCI state are applied similar to Rel-17. However, if the power control parameter settings are not configured in the indicated TCI states, two default PC parameter settings can be configured in BWP-UplinkDedicated, where each default PC parameter setting is used for downlink pathloss estimation for a TRP.
Proposal 16: If the power control parameters are not configured with indicated TCI state(s), two default power control parameter sets can be configured in BWP-UplinkDedicated.

STxMP
Power control
For Rel-17 unified TCI framework, UL power control parameter setting (including PLRS, P0, alpha, closed loop index) can be configured in the indicated TCI state. In Rel-18 STxMP, the Rel-17 power control mechanism can be reuse for panel-specific power control. When multiple unified TCI states are indicated for multi-TRP respectively, the power control parameters corresponding to each SRS resource set can be determined by the indicated TCI state corresponding to the same TRP as the SRS resource set. Besides, closed-loop power control in Rel-17 can be reused for STxMP, e.g. two TPC fields for Rel-17 UL mTRP.
Proposal 17: For power control of STxMP, support panel-specific power control mechanism including closed-loop power control and open-loop power control determined by indicated unified TCI states.
In Rel-15/Rel-16/Rel-17, the transmission power is calculated according to the same power control formulations in clause 7 of TS 38.213, which would not exceed the maximum allowed transmission power. However, as shown in Figure 1, when STxMP PUSCHs from different UE panels are transmitted, the transmission power of each PUSCH can be achieved independently as the legacy scheme. However, there is possibility that the sum power of the two PUSCHs may exceed the maximum allowed transmission power for one UE. Thus, enhancement on power control for STxMP PUSCH should be considered.


Figure 1. One illustration of two PUSCHs for different TRPs
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Proposal 18: For STxMP scheme, when the total transmission power of PUSCHs from different UE panels exceeds the maximum allowed transmission power per UE, power control enhancement should be considered. 

Beam reporting and indication
To discuss about the beam reporting and beam indication for STxMP, the main issue is whether the enhancement of beam management for STxMP transmission should be supported. 
For simultaneous transmission with multi-panel, the key features are listed as follow:
· Two UL beams which can be transmitted simultaneously should be reported to gNB 
· Two UL/joint TCI states need to be indicated by gNB 
In Rel-17, the UE capability value was introduced to support UL panel activation and selection, the UE can report one index of UE capability value for each reported CRI/SSBRI in one beam reporting. In the procedure of beam management, the gNB will transmit reference signals to UE. If the higher layer parameter groupBasedReporting is set to ‘disabled’, the UE should report nrofReportedRS different CRIs or SSBRIs, which could be received and transmitted simultaneously by the UE. For beam indication, if STxMP is configured, the gNB will indicate two joint TCI states. In this case, although gNB has no awareness of association with UL beams and panels, UE can associate the UL beams and panels by implement in the measurement stage. While two joint TCI states are indicated by gNB, UE has the capability to apply the indicated TCI states by different panels for UL STxMP transmission. In summary, if Rel-18 STxMP transmission is enabled, the beam reporting and indication scheme in Rel-17 can be reused as much as possible.
Proposal 19: For STxMP transmission, the mechanism of beam reporting in Rel-17 can be reused as much as possible, and it is unnecessary for gNB to know the association between UE panels and UL beams.

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. 
Proposal 20: For s-DCI based transmission, the joint triggering condition in Rel-17 could be reused, in addition, for m-DCI based STxMP transmission, a separate triggering condition could be considered as well.
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 21: 
· 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 22: Consider the overhead reduction of TRP-specific BFR procedure in CA case.

PDSCH-CJT
	[bookmark: OLE_LINK5][bookmark: OLE_LINK6]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
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 Rel-18, CSI report for FR1 CJT with up to 4 TRPs is discussed, so the related TCI indication issue needs to be studied as well. It has been agreed up to 2 joint TCI state is supported in PDSCH-CJT operation, in this case, the UE behavior of PDSCH-CJT is similar to the PDSCH SFN scheme in Rel-17, where one or two TCI state are applied to the same PDSCH DMRS ports. For PDSCH SFN MTRP transmission in Rel-17, two schemes, i.e., SFN Scheme A and SFN scheme B were supported. If “sfnSchemeA” is configured, all QCL types information are valid, otherwise, if “sfnSchemeB” is configured, Doppler pre-compensation is performed at gNB side, only a portion of QCLs, i.e., {average delay, delay spread} can be used.  In case of CJT-PDSCH, the perfect pre-compensation may not be applicable, since the compensation is achieved under the assumption that opposite Doppler shift is existed between two TRPs in SFN. Thus, for TCI state indication, PDSCH-CJT can be supported based on PDSCH-SFN with 'sfnSchemeA', which will reduce the overhead of TRS and with less spec impact.
Proposal 23: Support Alt1, i.e. the TCI state indication for PDSCH-SFN with 'sfnSchemeA' can be reused for PDSCH-CJT.
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:  To reduce specification impact, do not support to increase the size of the TCI field.
Proposal 2: For s-DCI based MTRP, the number of indicated TCI states is not used for STRP/MTRP switching.
Proposal 3: In terms of detailed design of the new indicator field, the indicator field also can indicate the association between PDSCH and the indicated TCI states.
Proposal 4: If the new DCI field is not present, the UE should always applies the first indicated joint/DL TCI state for PDSCH reception.
Proposal 5: When the TCI field is not present, the indicated joint/DL TCI state(s) to PDSCH reception can be determined as:
· If UE is configured with both sfnSchemePdcch and sfnSchemePdsch, the TCI state(s) applied to PDSCH is identical to the TCI state(s) whichever is applied for the PDCCH.
· Otherwise, if sfnSchemePdsch is not configured, the TCI state for the PDSCH is identical to the first TCI state which is applied for the PDCCH transmission.
Proposal 6: For the case that the scheduling offset is less than threshold, if all of the indicated TCI state(s) is (are) associated with the PCI of the serving cell, the indicated TCI state(s) is(are) applied to PDSCH reception.
Proposal 7: For the case that the scheduling offset is less than threshold, if the one of indicated TCI states is associated with a PCI different from the serving cell, the TCI state for PDSCH reception follows the TCI state that applied to the CORESET with lowest ID in the latest slot.
Proposal 8: For m-DCI based MTRP PUCCH transmission
· If PUCCH is scheduled by PDCCH on a CORESET that is associated with a coresetPoolIndex value, the UE shall apply the indicated TCI state specific to the same coresetPoolIndex value.
· Otherwise, an RRC parameter could be introduced to inform the association between PUCCH resource and coresetPoolIndex.
Proposal 9: For s-DCI based PUSCH transmission, reuse the existing SRS resource set indicator field in DCI format 0_1/0_2 to inform which joint/UL TCI state(s) is (are) applied to PUSCH transmission (including DG-PUSCH and type 2 CG-PUSCH) scheduled/activated by the DCI format 0_1/0_2.
Proposal 10: For s-DCI based PUSCH scheduled/activated by DCI format 0_0 (including DG and Type2 CG), an indicator could be introduced in each SRS resource set to indicate which joint/UL TCI state(s) is (are) applied to PUSCH transmission.
Proposal 11: Only support the configuration of two SRS resource sets for m-DCI based MTRP transmission in Rel-18 unified framework.
Proposal 12: For type 1 CG-PUSCH transmission, an indicator could be introduced in ConfiguredGrantConfig to inform which TCI states is applied to PUSCH transmission.
Proposal 13: With regards to the RSs sharing the indicated TCI state,
· for AP CSI-RS/SRS that is triggered by PDCCH, the indicated TCI states applied to the RSs follow the TCI state of the CORESET carrying the triggering DCI.
· otherwise, for P/SP SRS, an RRC indicator can be introduced in each reference resource (set) to inform which indicated TCI state is applied for.
Proposal 14: For s-DCI based MTRP, two SRS resource sets can be configured and associated with different indicated TCI states respectively, for each TRP, the UL PC parameter setting and PL-RS associated with the indicated TCI state is applied for the corresponding SRS resource set.
Proposal 15: For m-DCI based MTRP, if two SRS resource sets are configured, each SRS resource set is associated with a CORESETPoolIndex value and apply the UL PC parameter setting and PL-RS associated with the indicated TCI state with same CORESETPoolIndex value.
Proposal 16: If the power control parameters are not configured with indicated TCI state(s), two default power control parameter sets can be configured in BWP-UplinkDedicated.
Proposal 17: For power control of STxMP, support panel-specific power control mechanism including closed-loop power control and open-loop power control determined by indicated unified TCI states.
Proposal 18: For STxMP scheme, when the total transmission power of PUSCHs from different UE panels exceeds the maximum allowed transmission power per UE, power control enhancement should be considered. 
Proposal 19: For STxMP transmission, the mechanism of beam reporting in Rel-17 can be reused as much as possible, and it is unnecessary for gNB to know the association between UE panels and UL beams.
Proposal 20: For s-DCI based transmission, the joint triggering condition in Rel-17 could be reused, in addition, for m-DCI based STxMP transmission, a separate triggering condition could be considered as well.
Proposal 21: 
· 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 22: Consider the overhead reduction of TRP-specific BFR procedure in CA case.
Proposal 23: Support Alt1, i.e. the TCI state indication for PDSCH-SFN with 'sfnSchemeA' can be reused for PDSCH-CJT.
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