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Introduction
In this contribution, the remaining issues on extending Rel-17 unified TCI to multi-TRP operation as well as UL power control for UL MTRP operation are discussed.
Extension for indication of multiple DL/UL TCI states
In RAN1 #114bis meeting, the following agreements on unified TCI for multi-TRP have been achieved [1]: 
	Agreement
On unified TCI framework extension, if the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of AP CSI-RS for BM/CSI is smaller than a threshold for AP CSI-RS reception:
· If there is other DL signal in the same symbols as the AP CSI-RS, the UE applies the QCL assumption of the other DL signal also when receiving the AP CSI-RS
· For S-DCI based MTRP operation, if there is a PDSCH applying two indicated TCI states in the same symbols as the AP CSI-RS, the UE applies the first indicated TCI state of the two indicated TCI states when receiving the AP CSI-RS the first or the second indicated joint/DL TCI state to the AP CSI-RS according to the higher layer configuration(s) provided to the AP CSI-RS resource or to the aperiodic CSI-RS resource set.
· Rel-17 definitions of “other DL signal” specified in TS 38.214 for AP CSI-RS reception in S-DCI based MTRP operations and M-DCI based MTPR operation are retained

Agreement
On unified TCI framework extension for M-DCI based MTRP, if the scheduling offset between the last symbol of the PDCCH carrying a scheduling DCI and the first symbol of the scheduled PDSCH is smaller than a threshold:
· If the UE doesn’t support the capability of default beam per coresetPoolIndex for M-DCI based MTRP in FR2:
· The UE shall apply the indicated joint/DL TCI state specific to coresetPoolIndex value 0 to the scheduled PDSCH reception
· The UE doesn’t expect to be scheduled with PDSCH with scheduling offset less than a threshold of the PDSCH if scheduled by a CORESET associated with coresetPoolIndex value 1 
· Note: If the UE supports the capability of default beam per coresetPoolIndex for M-DCI based MTRP in FR2, UE can use both indicated joint/DL TCI states to buffer the received signal before a threshold.
Agreement
On unified TCI framework extension for S-DCI based MTRP, if twoPHRMode is configured, and two SRS resource sets for CB/NCB and multipanelScheme for SDM/SFN are configured:
· If the UE determines that only one Type 1 PHR is based on an actual PUSCH transmission
· If the actual PUSCH transmission applies only the first indicated joint/UL TCI state, the UE provides the second {power headroom, configured max output power} associated with the second indicated joint/UL TCI state for a reference PUSCH transmission 
· If the actual PUSCH transmission applies only the second indicated joint/UL TCI state, the UE provides the first {power headroom, configured max output power} associated with the first indicated joint/UL TCI state for a reference PUSCH transmission
· If the UE determines that both Type 1 PHRs are based on reference PUSCH transmissions, the UE provides the first {power headroom, configured max output power} associated with the first indicated joint/UL TCI state for a reference PUSCH transmission, and the second {power headroom, configured max output power} associated with the second indicated joint/UL TCI state for another reference PUSCH transmission
· FFS: Whether the configured max output power reported in above cases is per UE or per panel or both



In this section, the remaining issues on dynamic switching between Rel-17 and Rel-18 unified TCI framework, TCI state update and activation for CA, PDSCH-CJT Tx scheme, and TRP-specific BFR enhancement are discussed.
Dynamic switching between Rel-17 unified TCI framework and Rel-18 unified TCI framework
The issue on configuring/determining that a CC is operated in Rel-18 unified TCI framework extension for S-DCI based MTRP has been discussed in the last several meetings. Correspondingly, the following three alternatives were proposed:
· Alt1: 
· A CC/BWP is operated in Rel-18 unified TCI framework extension for S-DCI based MTRP if Rel-18 TCI state activation command (MAC-CE) where at least one activated TCI codepoint is mapped with both the first and second join/DL/UL TCI states is received and applied to the CC/BWP
· A CC/BWP is operated in Rel-17 unified TCI framework if Rel-18 TCI state activation command (MAC-CE) where all activated TCI codepoint(s) is mapped with either only the first joint/DL/UL TCI state(s) or only the second joint/DL/UL TCI state(s) is received and applied to the CC/BWP
· A CC/BWP is operated in Rel-17 unified TCI framework if Rel-17 TCI state activation command (MAC-CE) is received and applied to the CC/BWP

· Alt2: 
· A CC/BWP is operated in Rel-18 unified TCI framework extension for S-DCI based MTRP if Rel-18 TCI state activation command (MAC-CE) is received and applied to the CC/BWP
· A CC/BWP is operated in Rel-17 unified TCI framework if Rel-17 TCI state activation command (MAC-CE) is received and applied to the CC/BWP
· Alt3:
· Introduce a field in Rel-18 TCI state activation command (MAC-CE) to explicitly indicate that a CC/BWP is operated in Rel-17 unified TCI framework or Rel-18 unified TCI framework extension for S-DCI based MTRP

It has been agreed that Rel-18 TCI state activation command (MAC-CE) is different from Rel-17 TCI state activation command (MAC-CE). Rel-18 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. For Alt1, UE could fall back to Rel-17 unified TCI based sTRP with receiving either Rel-18 MAC-CE or Rel-17 MAC-CE. If Rel-18 MAC-CE is received, a special state of the MAC-CE (all joint/DL/UL TCI states activated by the MAC-CE are the first joint/DL/UL TCI states or the second joint/DL/UL TCI states) is needed as an indication to fall back to Rel-17 unified TCI based sTRP. However, this rule excludes the possibility of partial TCI state update and results in ambiguous interpretation across codepoints (one case of codepoints corresponds to Rel-17 unified TCI based sTRP and the others correspond to Rel-18 unified TCI based mTRP) of TCI field activated by Rel-18 MAC-CE. For Alt2, UE shall fall back to Rel-17 unified TCI based sTRP only when a Rel-17 MAC-CE is received. This requires different MAC-CE signalings. In our opinion, since Rel-18 TCI state activation MAC-CE is being designed and some fields would be reserved, Alt3 seems more reasonable by defining a new field in the MAC-CE to explicitly indicate the UE to fall back to Rel-17 unified TCI based sTRP. If this field is associated with each codepoint, DCI level switching between Rel-18 S-DCI based mTRP and Rel-17 sTRP could be achieved. Otherwise, MAC-CE level switching is supported. However, Alt3 only mentions the case when Rel-18 MAC-CE is received. As the supplement for Alt3, if Rel-17 MAC-CE is received, UE shall fall back to Rel-17 unified TCI based sTRP.
Proposal 1: When a UE is configured with dl-OrJointTCI-StateList or TCI-UL-State:
· Introduce a field in Rel-18 TCI state activation command (MAC-CE) to explicitly indicate that a CC/BWP is operated in Rel-17 unified TCI framework or Rel-18 unified TCI framework extension for S-DCI based MTRP
· A CC/BWP is operated in Rel-17 unified TCI framework if Rel-17 TCI state activation command (MAC-CE) is received and applied to the CC/BWP

TCI state update and activation for CA operation
For CA operation, it was agreed that a set of CCs configured for common TCI state ID activation/update can include CC(s) operating in S-DCI based mTRP or M-DCI based mTRP. In the last meeting, there is no consensus to support the mix of sTRP CC(s) and mTRP CC(s) included in a set of CCs configured for common TCI state ID activation/update. Considering CORESETPoolIndex has to be configured for CC(s) corresponding to M-DCI based mTRP, it is feasible to discriminate CCs for S-DCI based mTRP and M-DCI based mTRP. From the perspective of reducing the number of CC lists for Rel-18, it is beneficial to mix S-DCI based mTRP CC(s) and M-DCI based mTRP CC(s) in a set of CCs configured for common TCI state ID activation/update. In this way, when S-DCI is used for TCI state indication, those CC(s) corresponding to S-DCI based mTRP operation could be updated and the other CC(s) would be kept unchanged. Otherwise, when M-DCI is used for TCI state indication, those CC(s) corresponding to M-DCI based mTRP operation could be updated. 

Proposal 2: On unified TCI framework extension, support the following additional 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 and CC(s) operating in M-DCI based MTRP

PDSCH-CJT Tx scheme
As discussed in the last meeting, for PDSCH-CJT, there is potential mismatch between the indicated TCI state(s) for PDSCH-CJT reception and the RRC-configured TCI state(s) associated with P/SP-CSI-RS used as CMR for Rel-18 Type-II CJT. This is caused by the rule of Rel-18 unified TCI framework extension that the indicated TCI state(s) cannot be applied to P/SP-CSI-RS. In our opinion, P/SP-CSI-RS is usually supposed to be shared by multiple UEs. If P/SP-CSI-RS is allowed to follow the indicated TCI state(s), additional problems would occur from the NW scheduling perspective. In addition, more detailed spec impact has to be discussed for such special case during the maintenance stage. The mismatch could be avoided by NW implementation or by using AP-CSI-RS as CMR for Rel-18 Type-II CJT. Therefore, it is not necessary to support P/SP-CSI-RS to follow the indicated TCI state(s) for Rel-18 Type-II CJT.

Proposal 3: It is not necessary to support P/SP-CSI-RS used as CMR for Rel-18 Type-II CJT to follow the inidcated TCI state(s).

Enhancement to TRP-specific BFR
TRP-specific BFR has been supported in Rel-17, which should be extended to unified TCI framework as well. In Rel-17, both explicit BFD RS and implicit BFD RS have been specified. For explicit BFD RS, two BFD RS sets (each corresponding to one TRP) could be configured for either S-DCI or M-DCI. However, for implicit BFD RS, two BFD RS sets are only applicable to M-DCI. Since for M-DCI, each CORESETPoolIndex configured by RRC corresponds to one TRP. Then, the RS within the TCI states for those CORESETs associated with the same CORESETPoolIndex could be used as BFD RS for one TRP. But there is no such TRP-ID like parameter for S-DCI. In Rel-18, the following proposal on implicit BFD-RS determination for S-DCI based MTRP was discussed in RAN1#112bis meeting [2]. For the CORESETs follow the indicated TCI state(s), a fixed rule could be used to determine the BFD-RS set, i.e. 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. 

	Proposal 6.1: On unified TCI framework extension for S-DCI based MTRP, if the UE is provided the first candidate beam RS list () and the second candidate beam RS set () but 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 except PDCCH-SFN, 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.
· FFS: The case if any CORESET is configured to apply both first and second indicated joint/DL TCI states for PDCCH-SFN
· FFS: Whether and how to handle the case if one or both of the first and second indicated joint/DL TCI states is/are NOT configured by RRC to be applied to CORESET(s) for PDCCH reception



For those CORESET(s) not following the indicated TCI state(s), Rel-15/16 TCI state update signaling/configuration design(s) are reused. Namely, MAC-CE is used to activate one or two TCI states from a set of RRC configured TCI states for a CORESET. In our opinion, a new field could be introduced in this MAC-CE to indicate the activated TCI states belong to which BFD-RS set.  
Proposal 4: For the CORESETs follow the indicated TCI state(s), a fixed rule could be used to determine the BFD-RS set, i.e. 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. For the CORESET(s) not following the indicated TCI state(s), a new field could be introduced in Rel-15/16 activation MAC-CE to indicate its activated TCI state(s) belong to which BFD-RS set.

1. Power control enhancement for Multi-TRP transmission
In RAN1#114bis meeting, it was agreed that for two-PHR mode for S-DCI based PUSCH STxMP transmission, when UE reports two virtual PHRs, the UE provides the first {power headroom, configured max output power} associated with the first indicated joint/UL TCI state and the second {power headroom, configured max output power} associated with the second indicated joint/UL TCI state. One issue to be discussed is whether the configured max output power reported in above cases is per UE or per panel or both. 
In NR Rel-17, the two PHRs together with one PCMAX,f,c for the serving cell are reported if UE is configured with twoPHRMode [3], the two PHRs are calculated based on one PCMAX,f,c. For the Rel-18 PUSCH STxMP, considering the two UE panels typically have independent power amplifiers(PA) in case of FR2, and the maximum value of the two power amplifiers might be different, it should be considered in the calculation of PHR. 
Proposal 5: To facilitate panel specific power control and PHR for STxMP, the UE maximum configured power Pcmax,f,c  can be extended to be panel specific in FR2. 

Conclusions
In this contribution, we discuss the remaining issues on extending Rel-17 unified TCI to multi-TRP use cases. And the power control related issues are also analyzed. We have the following proposals:
Proposal 1: When a UE is configured with dl-OrJointTCI-StateList or TCI-UL-State:
· Introduce a field in Rel-18 TCI state activation command (MAC-CE) to explicitly indicate that a CC/BWP is operated in Rel-17 unified TCI framework or Rel-18 unified TCI framework extension for S-DCI based MTRP
· A CC/BWP is operated in Rel-17 unified TCI framework if Rel-17 TCI state activation command (MAC-CE) is received and applied to the CC/BWP

Proposal 2: On unified TCI framework extension, support the following additional 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 and CC(s) operating in M-DCI based MTRP

Proposal 3: It is not necessary to support P/SP-CSI-RS used as CMR for Rel-18 Type-II CJT to follow the inidcated TCI state(s).
Proposal 4: For the CORESETs follow the indicated TCI state(s), a fixed rule could be used to determine the BFD-RS set, i.e. 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. For the CORESET(s) not following the indicated TCI state(s), a new field could be introduced in Rel-15/16 activation MAC-CE to indicate its activated TCI state(s) belong to which BFD-RS set.
Proposal 5: To facilitate panel specific power control and PHR for STxMP, the UE maximum configured power Pcmax,f,c  can be extended to be panel specific in FR2. 

References
[1] [bookmark: _Ref111209059][bookmark: _Ref100851788]RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #114bis.
[2] [bookmark: _Ref126914517]R1-2304235, Moderator summary on extension of unified TCI framework (Final), 3GPP TSG RAN Meeting #112bis.
[3] [bookmark: _Ref141866874][bookmark: _Ref149835720]3GPP TS38.321 V17.1  section 6.1.3.50 .

