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Introduction
[bookmark: _Ref494215420]During RAN1#109-RAN1#114-bis meetings, the unified TCI framework for multi-TRP have been discussed and most issues have been concluded. In this contribution, we provide some discussion on some other remaining issues on unified TCI framework extension for indication of multiple DL/UL TCI states and power control for UL MTRP transmission. 
Discussion
Dynamic switching between Rel-17 and Rel-18 unified TCI framework
In the previous meeting, we discussed whether and how to support dynamic switching between Rel-17 STRP and Rel-18 unified TCI framework for S-DCI based MTRP via MAC CE. However, there was no consensus on this issue. The most controversial part is how to define the UE behavior for the following case:
· If a 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 a CC/BWP
If behavior of UE cannot be clearly determined in this case, inconsistent understanding between the gNB and UE will be caused. For example, if a Rel-18 MAC CE where all activated TCI codepoint(s) is mapped with either only the first (or second) joint/DL/UL TCI state(s) is received by UE, UE could:
· Possible behavior 1: Update the first/second indicated joint/DL/UL TCI state(s) according to the received TCI codpoint and keep other indicated TCI state(s) that is not updated.
· Possible behavior 2: Operate in Rel-17 unified TCI framework and switch to STRP.
To solve the problem, the possible solutions are listed as:
· Opt 1: determine the case as an error cases.
· Opt 2: determine the UE behavior in such case (e.g., define that UE shall switch to Rel-17 STRP if and only if Rel-17 MAC CE is received)
We think at least a conclusion is needed for this case rather than leaving it to UE implementation. Opt 2 is our preference.
Proposal 1: To avoid inconsistent understanding between the gNB and UE, the UE behavior needs to be determined if a Rel-18 MAC CE where all activated TCI codepoint(s) is mapped with either only the first or second joint/DL/UL TCI state(s) is received.
Proposal 2: For the case that a Rel-18 MAC CE where all activated TCI codepoint(s) is mapped with either only the first or second joint/DL/UL TCI state(s) is received, following options could be considered and Opt 2 is our preference.
· Opt 1: determine the case as an error cases.
· Opt 2: determine the UE behavior in such case.

PHR Report
In RAN1#114-bis [1], an agreements of PHR report for S-DCI based MTRP operation was obtained:
	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


According to the RAN4 LS on the power control for STxMP, the panel-specific power limitation should be considered. In STxMP transmission, the configured max output power for each panel should be reported, so that the power of each panel could be adjusted flexibly and achieve an optimal power allocation.
[bookmark: _GoBack]Proposal 3: for s-DCI based STxMP transmission, if the UE determines that one or two Type 1 PHRs are based on PUSCH transmission(s), the configured max output power for each panel should be reported.
For m-DCI based STxMP, it is reasonable to consider the panel-specific PHR operation. Especially for non-ideal backhaul case, PHR for each panel should be triggered. For example, 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 path-loss reference for one of (or both of) TRPs/panels, the PHR is triggered.
For m-DCI based STxMP，if PHR for one of (or both) panels is(are) triggered, the PH value and maximum output power for both panels could be calculated and transmitted separately, based on the actual PUSCH transmission on each panel. 
Proposal 4: For m-DCI based STxMP, support separate PHR triggering.
[bookmark: OLE_LINK8][bookmark: OLE_LINK2]Proposal 5: For m-DCI based STxMP, support separate PHR reporting.
In terms of PHR value type, 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.


For STxMP transmission, two panels could transmit the UL signals/channels in the same slot. Following the legacy, the PHR value type can be determined as follow:
· If the first PHR value is actual for a PUSCH associated with one TRP
· And the PUSCH associated with the other TRP is transmitted in the same slot, the second PHR value is actual as well.
· Otherwise, the second PHR is virtual.
· If the first PHR value is virtual, a second PHR value is reported as virtual PHR
Note: the first and second PHR refer to the report for PUSCH, which is associated with the first and second indicated joint/UL TCI state, respectively.
Proposal 6: For STxMP transmission, if UE is provided twoPHRMode, the principle of PHR type determination in Rel-17 should be reused.

MPE report enhancement for STxMP
[bookmark: _Hlk143633573]RAN4 have concluded that the configured transmitted power during STxMP shall be defined per indicated joint/UL TCI state for STxMP, i.e., per panel configured Tx power corresponds to the first and second indicated joint/UL TCI states, respectively. In RAN1#114 meeting, the UE can provide two Type 1 PHRs associated with the first and the second indicated joint/UL TCI states, respectively. It can be seen that the legacy agreements already support UL power control per indicated TCI state for more accurate power adjustment for each panel. In Rel-17, MPE report is enhanced to report N SSBRIs/CRIs with P-MPRs from one candidate RS resource pool when the triggering condition is met. In Rel-18 for STxMP, MPE report mechanism can be studied to effectively support STxMP. The UE can be configured with two candidate RS resource pools associated with two SRS resource sets for MPE report, and for each pool, the UE can report N SSBRIs/CRIs with P-MPR values through PHR MAC CE.
Furthermore, in Rel-18 to support STxMP transmission, the Rel-17 group-based L1-RSRP reporting is enhanced, i.e. for each reported pair of SSBRIs/CRIs, the UL TX spatial filters determined from the reported pair of SSBRIs/CRIs can be applied simultaneously. When the current used uplink beam pair cannot be used for STxMP transmission due to UE movement or rotation, and the Rel-17 MPE report can be enhanced to report N SSBRI/CRI pairs with P-MPR values, e.g. {(CRI1, P-MPR1, CRI2, P-MPR2) (CRI3, P-MPR3, CRI4, P-MPR4)}, which are used for the uplink beam pair update. Each SSBRI/CRI in the reported SSBRI/CRI pairs is selected from the corresponding resource pool associated with SRS resource set. So the gNB can update the uplink beam pair for STxMP based on the SSBRI/CRI pairs in MPE report.  
Proposal 7: Enhance the Rel-17 MPE reporting to effectively support Rel-18 STxMP
· The UE can be configured with two candidate RS resource pools associated with the two SRS resource sets.
· The UE can report N SSBRI/CRI pairs with P-MPRs, where in each SSBRI/CRI pair, the first SSBRI/CRI is selected from the first RS resource pool and the second SSBRI/CRI is selected from the second RS resource pool.

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 avoid inconsistent understanding between the gNB and UE, the UE behavior needs to be determined if a Rel-18 MAC CE where all activated TCI codepoint(s) is mapped with either only the first or second joint/DL/UL TCI state(s) is received.
Proposal 2: For the case that a Rel-18 MAC CE where all activated TCI codepoint(s) is mapped with either only the first or second joint/DL/UL TCI state(s) is received, following options could be considered and Opt 2 is our preference.
· Opt 1: determine the case as an error cases.
· Opt 2: determine the UE behavior in such case.
Proposal 3: for s-DCI based STxMP transmission, if the UE determines that one or two Type 1 PHRs are based on PUSCH transmission(s), the configured max output power for each panel should be reported.
Proposal 4: For m-DCI based STxMP, support separate PHR triggering.
Proposal 5: For m-DCI based STxMP, support separate PHR reporting.
Proposal 6: For STxMP transmission, if UE is provided twoPHRMode, the principle of PHR type determination in Rel-17 should be reused.
Proposal 7: Enhance the Rel-17 MPE reporting to effectively support Rel-18 STxMP.
· The UE can be configured with two candidate RS resource pools associated with the two SRS resource sets.
· The UE can report N SSBRI/CRI pairs with P-MPRs, where in each SSBRI/CRI pair, the first SSBRI/CRI is selected from the first RS resource pool and the second SSBRI/CRI is selected from the second RS resource pool.
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