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1. Introduction
[bookmark: _Hlk54343086]The agreements made in RAN1 #114b for agenda 8.1.1.1 are listed below.  
	[bookmark: _Hlk146206560]Agreement
Proposal 4.5 in R1-2310206 is agreed for the editor’s CR

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
· Down-select one of the following alternatives to be reported along with the power headroom for a reference PUSCH transmission:
· Alt1: Per-panel configured max output power
· Alt2: Per-UE configured max output power
· Alt3: Both per-panel configured max output power and per-UE configured max output power
· Alt4: None


[bookmark: _Hlk110089543][bookmark: _Hlk525732985]
2. [bookmark: _Hlk100679068]sDCI mTRP TCI/PDCCH Association
In RAN1 #114, it has been discussed on whether using MAC-CE or RRC to switch between sTRP operation and sDCI mTRP operation. In our view, the MAC-CE based switch should be supported to reduce the switching latency. Specifically, a single TCI activation MAC-CE can either explicitly or implicitly indicate the sTRP or sDCI mTRP operation. Alternatively, two separate MAC-CEs for TCI activation can be introduced for sTRP and sDCI mTRP operations, respectively.

Proposal 1: Support MAC-CE based mode switch between sTRP operation and sDCI mTRP operation
In R15/16/17, the TCI state(s) used for CORESET can be updated by MAC-CE/DCI. Such dynamic update should be maintained in principle in case of mTRP. As for a specific issue, suppose RRC configures a CORESET to share which of the two indicated TCI states in case of mTRP. If two TCI states are first indicated but later a single TCI state is indicated, there may be ambiguity on the applied indicated TCI state(s) for CORESETs configured to share one or both indicated TCI states in case of mTRP. A simple rule could be that all CORESETs configured to share the indicated TCI state(s) will follow the single indicated TCI state in this case, regardless the RRC configuration per CORESET on which of the two indicated TCI state(s) to share in case of mTRP.

Proposal 2: For CORESET sTRP/mTRP operation switching, if two joint/DL TCI states are first maintained by UE in R18 mTRP mode but later a single joint/DL TCI state is maintained by UE in R17 sTRP mode
· CORESETs configured to share one or both maintained joint/DL TCI states will use the single maintained joint/DL TCI state

[bookmark: _Hlk118113791]In case of PDCCH repetition with 2 linked search spaces, the two linked SS sets have the same SS set type (USS/CSS), as described in 38.331. However, the two CORESETs may still have different behaviours on whether sharing the indicated TCI states or not. For example, COERSET #1 is only associated with USS and hence shares the indicated TCI based on R17 rule, while CORESET #2 is associated with both USS and CSS and can be configured to not to share the indicated TCI based on R17 rule. In this case, whether the scheduled PDSCH should share the indicated TCIs should have a new rule to clarify. As a simple solution, gNB should ensure the two CORESETs associated with the two linked search spaces have the same behaviour on whether sharing the indicated TCI or not. Therefore, no new rule is needed by avoiding such case. 

Proposal 3: For PDCCH repetition with 2 linked search spaces, the two CORESETs corresponding to the 2 search spaces should have the same behaviour on whether sharing the indicated TCI states or not
[bookmark: _Hlk134716543]For the TCI state activation, the R17 unified TCI activation MAC-CE cannot activate one codepoint mapped to up to 2 joint TCIs, or mapped to up to 2 DL TCIs and/or 2 UL TCIs. Therefore, a new MAC-CE is needed for R18 sDCI mTRP.

Proposal 4: For R18 unified TCI for sDCI mTRP, a new MAC-CE is introduced to activate at least one TCI codepoint mapped to 2 joint TCIs, or mapped to 2 DL TCIs and/or 2 UL TCIs 
To simplify the signalling and latency for beam indication, MAC-CE based TCI indication should be supported for both sDCI and mDCI mTRPs. Specifically, if only a single TCI codepoint is activated, the corresponding indicated TCI state(s) will be applied to the applicable channel(s)/RS(s) without the need of further DCI based TCI indication. 

Proposal 5: For both sDCI and mDCI mTRP, if the TCI activation MAC-CE only activates a single TCI codepoint, the corresponding indicated TCI state(s) are applied to target channel(s)/RS(s) without further DCI indication
3. sDCI mTRP TCI/PDSCH Association
Another issue is that if two unified TCI states are first indicated but later a single TCI state is indicated, there may be ambiguity on the applied indicated TCI state(s) for SPS originally activated to share one or both indicated TCI states when two TCI states are indicated. For R15/16 sTRP based SPS originally activated for one of the two indicated TCI states, or for R17 FDM/TDM based SPS originally activated for two indicated TCI states, a simple rule could be that all PDSCH occasions of the SPS will use the later indicated single TCI state. However, for R17 SDM based SPS originally activated for 2 indicated TCI states, the corresponding SPS will be implicitly disabled after the application time of the later indicated single TCI state, since the spatial separation of different streams may not be maintained if one TCI state is used.

[bookmark: _Hlk146207318]Proposal 6: For PDSCH sTRP/mTRP operation switching, if two indicated joint/DL TCI states are first maintained by UE in R18 mTRP mode but later a single indicated joint/DL TCI state is maintained by UE in R18 sTRP mode
· For FDM/TDM sDCI mTRP based SPS originally activated for two maintained joint/DL TCI states
· All PDSCH occasions of the SPS will use the later maintained single joint/DL TCI state
· For SDM sDCI mTRP based SPS originally activated for 2 maintained joint/DL TCI states
· The corresponding SPS will be implicitly disabled after the application time of the later maintained single joint/DL TCI state 
· For sTRP based SPS originally activated for one of the two maintained joint/DL TCI states
· All PDSCH occasions of the SPS will use the later maintained single joint/DL TCI state

In RAN1 #113, the following agreement is made for the indicated TCI state(s) of PDSCH scheduled by DCI format 1_0. Specifically, for PDSCH-CJT and PDSCH-SFN, if the RRC indicates both indicated TCIs should be used, UE should use both TCIs for PDSCH scheduled by DCI format 1_0 in SS other than Type0/0A/2 CSS on CORESET#0. However, it is unclear which TCI should be used for PDSCH scheduled by DCI format 1_0 in Type0/0A/2 CSS on CORESET#0. A simple clarification could be to use the 1st indicated TCI for PDSCH scheduled by DCI format 1_0 in Type0/0A/2 CSS on CORESET#0. 

	Agreement
On unified TCI framework extension for S-DCI based MTRP, support the following:
· Using RRC configuration to indicate whether the first, second, or both of the indicated joint/DL TCI states is/are applied to PDSCH reception scheduled/activated by DCI format 1_0 
· If not configured, the first indicated joint/DL TCI state is applied
· Only when the UE is configured with PDSCH-CJT and the UE supports two joint TCI states for PDSCH-CJT or the UE is configured with PDSCH-SFN, the RRC configuration can indicate both indicated joint/DL TCI states are applied.
· For PDSCH-CJT and PDSCH-SFN, if the RRC configuration indicates both indicated joint/DL TCI states are applied, the UE shall apply both indicated joint/DL TCI states to PDSCH reception scheduled/activated by DCI format 1_0 on a search space other than Type0/0A/2 CSS on CORESET#0 (FFS: Other search space and/or CORESETs)
If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2, above applies regardless of the offset between the reception of the scheduling DCI format 1_0 and the scheduled/activated PDSCH reception
If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above applies when the offset between the reception of the scheduling DCI format 1_0 and the scheduled/activated PDSCH reception is equal to or larger than a threshold



[bookmark: _Hlk146207458]Proposal 7: For PDSCH-CJT and PDSCH-SFN, if the RRC indicates both indicated TCIs should be used for PDSCH scheduled by DCI format 1_0, UE should use the 1st indicated TCI for PDSCH scheduled by DCI format 1_0 in Type0/0A/2 CSS on CORESET#0
4. sDCI mTRP TCI/PUSCH Association
[bookmark: _Hlk112939025]Another issue is that if two unified TCI states are first indicated but later a single TCI state is indicated, there may be ambiguity on the applied indicated TCI state(s) for CG originally configured/activated to share one or both indicated TCI states. For R15/16 sTRP based CG originally configured/activated for one of the two indicated TCI states, or for R17 TDM-repetition based CG originally configured/activated for two indicated TCI states, a simple rule could be that all occasions of the CG will use the later indicated single TCI state. However, for R18 SDM based CG originally configured/activated for 2 indicated TCI states, the corresponding CG may be implicitly disabled after the application time of the later indicated single TCI state, since the spatial separation of different streams may not be maintained if one TCI state is used.

[bookmark: _Hlk130307499]Proposal 8: For PUSCH sTRP/mTRP operation switching, if two joint/UL TCI states are first maintained by UE in R18 mTRP mode but later a single joint/UL TCI state is maintained by UE in R17 sTRP mode
· For PUSCH repetition with Type1 & 2 CG originally configured/activated for 2 maintained joint/UL TCI states, all PUSCH repetitions will use the later maintained single TCI state
· For SDM sDCI mTRP PUSCH with Type1 & 2 CG originally configured/activated for 2 maintained TCI states, the corresponding CG will be implicitly disabled after the application time of the later maintained single joint/UL TCI state 
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Figure 1: UL DCI is implicitly switched to sTRP version after ACK for the single-TCI selection command 
In R17 mTRP for PUSCH, additional fields are added for 2nd TRP to UL DCI format 0_1 and 0_2, including 2nd SRI, 2nd TPMI, etc. Those bits can be up to 14 bits. However, for mTRP unified TCI, gNB may prefer to switch to sTRP operation mode by only selecting 1 unified TCI. In this case, those additional fields for 2nd TRP are not necessary and may affect PDCCH link budget if the purpose of sTRP operation is for coverage enhancement. To address the issue without additional RRC reconfiguration latency and overhead, both gNB and UE can assume the UL DCI format is also implicitly switched to sTRP version without the additional fields for 2nd TRP if gNB only selects 1 unified TCI. As shown in Figure 1, to ensure reliability, the mTRP-to-sTRP DCI version switching can be performed at the TCI application time from the end of ACK for the TCI selection command. 

[bookmark: _Hlk113018191]Proposal 9: Study DCI size reduction (formats 0_1/0_2) after beam indication DCI indicates one TCI state (sTRP mode)
· In Rel-17, up to 14 bits are added to UL DCI for mTRP PUSCH
5. sDCI mTRP TCI/PUCCH Association
Another issue is that if two unified TCI states are first indicated but later a single TCI state is indicated, there may be ambiguity on the applied indicated TCI state(s) for SPS originally activated to share one or both indicated TCI states when two TCI states are indicated. For R15/16 sTRP based SPS originally activated for one of the two indicated TCI states, or for R17 FDM/TDM based SPS originally activated for two indicated TCI states, a simple rule could be that for all PDSCH occasions of the SPS will use the later indicated single TCI state. However, for R17 SDM based SPS originally activated for 2 indicated TCI states, the corresponding SPS will be implicitly disabled after the application time of the later indicated single TCI state, since the spatial separation of different streams may not be maintained if one TCI state is used.

Proposal 10: For PUCCH sTRP/mTRP operation switching, if two joint/UL TCI states are first maintained by UE in R18 mTRP mode but later a single TCI state is maintained by UE in R17 sTRP mode
· For P/SP PUCCH originally configured/activated for one or both of the two maintained joint/UL TCI states
· All occasions of the P/SP PUCCH will use the later maintained single joint/DL TCI state
6. Unified TCI for mTRP BFR
[bookmark: _Hlk118099602][bookmark: _Hlk118113572]In R17 mTRP BFR, the implicit BFD is not supported for sDCI mTRP due to lack of TRP ID to indicate the association between implicit BFD RS and the corresponding TRP. This issue may be addressed in the context of mTRP unified TCI. Specifically, the implicit BFD for mTRP BFR is enabled if each of the 1st and 2nd indicated TCI is associated with at least a CORESET/CORESET group via RRC configuration, as agreed in RAN1 #110-bis-e. If both indicated TCI states are applied to at least one CORESET, the corresponding 2 QCL source RSs are used as the implicit BFD RSs in the implicit BFD-RS sets for the two TRPs, respectively. Otherwise, the implicit BFD for mTRP BFR is not supported. 

Proposal 11: The implicit BFD for mTRP BFR in sDCI mTRP is enabled if both indicated TCI states are applied to at least one CORESET via RRC configuration
· The corresponding two QCL source RSs can be used as the implicit BFD RSs for the two TRPs, respectively

Proposal 12: The implicit BFD for mTRP BFR in sDCI mTRP is not supported if at least one of the two indicated TCI states is not applied to any CORESET via RRC configuration
· This implies two candidate beam RS sets should not be configured if two BFD-RS sets are not provided
7. PC Issues Applicable to sDCI mTRP
In R17 PHR reporting, the report can be triggered if any of multiple conditions is satisfied. For example, the PHR is triggered when PHR forbidden timer expires and path loss variation exceeds a certain threshold for any serving cell in the same MAC entity for the PHR report. As another example, the PHR is triggered when the power backoff due to MPE exceeds a certain threshold for any serving cell in the same MAC entity for the PHR report. In our view, the same triggering events can be reused for STxMP PHR report.

[bookmark: _Hlk146206030]Proposal 13: For STxMP PHR report, the legacy triggering events can be reused
As agreed in RAN1 #114b, UE will provide both power headroom and configured max output power per virtual PUSCH transmission for two PHR report in case of STxMP. The remaining issue is that whether the configured max output power should be per UE, per panel, or both. To our understanding, this issue is under discussion in RAN4, and it is most likely that legacy per-UE Pcmax,f,c will NOT be used in STxMP. From RAN1 point of view, we think at least the agreed per-panel configured max output power should be reported. 
[bookmark: _Hlk149139452]Proposal 14: For STxMP PHR report, at least per-panel configured maximum output power should be reported for reference PUSCH transmission
In existing PHR, there is only a single MPE field for the applied power backoff to meet MPE requirements. In case of STxMP PHR, two MPE fields should be should be reported for the two panels’ applied power backoff to meet MPE requirements, regardless the PUSCH transmission is actual or virtual, since the P-MPR computation for MPE does not depend on the current transmission(s). In addition, the actual P-MPR considering MPE cannot be reflected by the configured maximum output power in case of reference PUSCH transmission, which assumes P-MPR=0dB.

[bookmark: _Hlk146206075]Proposal 15: For STxMP PHR report, two MPE fields should be reported for the two panels’ applied power backoff to meet MPE requirements, regardless the PUSCH transmission is actual or virtual
Furthermore, for multi-DCI based STxMP PUSCH, it should be discussed whether PHR triggering and reporting is joint or is separate per TRP, which can depend backhaul conditions for multi-DCI based multi-TRP operation. In the case of ideal backhaul, joint PHR triggering and reporting similar to UL-CA should be considered. In the case of non-ideal backhaul, separate PHR triggering and reporting can be considered.
[bookmark: _Hlk146206087]Proposal 16: For PHR triggering and reporting for multi-DCI based STxMP PUSCH:
· Joint PHR triggering and reporting (similar to UL-CA) should be assumed for ideal backhaul case
· Separate PHR triggering and reporting can be assumed for non-ideal backhaul case

As another power control related issue, the PUSCH/PUCCH power control equation should also be updated to accommodate the STxMP scenarios. One change can be the replacement of the legacy configured maximum output power with the newly introduced panel specific configured maximum output power. Other parameters should also be updated with the corresponding panel specific versions. 
Proposal 17: For the PUSCH/PUCCH power control equations, support panel-specific configured maximum output power for sDCI PUSCH/PUCCH STxMP and mDCI PUSCH+PUSCH STxMP
In case of CA, the UE Tx power prioritization rule for power allocation across multiple CCs should also be updated in case of panel specific configured maximum output power across CCs. Specifically, the same legacy prioritization rule can be applied to all UL channels across CCs sharing the same panel or UL applicable TCI state. 
Proposal 18: In case of panel specific configured maximum output power across CCs, the legacy UE Tx power prioritization rule can be applied to all UL channels across CCs sharing the same panel or UL applicable TCI state

[image: ]

Figure 2: Independent PA per UE panel for FR2 
8. Conclusion
[bookmark: _Hlk83741726]In this contribution we discussed Rel-18 extension of unified TCI framework to mTRP. Below are the observations and proposals.
Proposal 1: Support MAC-CE based mode switch between sTRP operation and sDCI mTRP operation
[bookmark: _Hlk146176627]Proposal 2: For CORESET sTRP/mTRP operation switching, if two joint/DL TCI states are first maintained by UE in R18 mTRP mode but later a single joint/DL TCI state is maintained by UE in R17 sTRP mode
· CORESETs configured to share one or both maintained joint/DL TCI states will use the single maintained joint/DL TCI state

Proposal 3: For PDCCH repetition with 2 linked search spaces, the two CORESETs corresponding to the 2 search spaces should have the same behaviour on whether sharing the indicated TCI states or not
Proposal 4: For R18 unified TCI for sDCI mTRP, a new MAC-CE is introduced to activate at least one TCI codepoint mapped to 2 joint TCIs, or mapped to 2 DL TCIs and/or 2 UL TCIs 
Proposal 5: For both sDCI and mDCI mTRP, if the TCI activation MAC-CE only activates a single TCI codepoint, the corresponding indicated TCI state(s) are applied to target channel(s)/RS(s) without further DCI indication
Proposal 6: For PDSCH sTRP/mTRP operation switching, if two indicated joint/DL TCI states are first maintained by UE in R18 mTRP mode but later a single indicated joint/DL TCI state is maintained by UE in R18 sTRP mode
· For FDM/TDM sDCI mTRP based SPS originally activated for two maintained joint/DL TCI states
· All PDSCH occasions of the SPS will use the later maintained single joint/DL TCI state
· For SDM sDCI mTRP based SPS originally activated for 2 maintained joint/DL TCI states
· The corresponding SPS will be implicitly disabled after the application time of the later maintained single joint/DL TCI state 
· For sTRP based SPS originally activated for one of the two maintained joint/DL TCI states
· All PDSCH occasions of the SPS will use the later maintained single joint/DL TCI state

Proposal 7: For PDSCH-CJT and PDSCH-SFN, if the RRC indicates both indicated TCIs should be used for PDSCH scheduled by DCI format 1_0, UE should use the 1st indicated TCI for PDSCH scheduled by DCI format 1_0 in Type0/0A/2 CSS on CORESET#0
Proposal 8: For PUSCH sTRP/mTRP operation switching, if two joint/UL TCI states are first maintained by UE in R18 mTRP mode but later a single joint/UL TCI state is maintained by UE in R17 sTRP mode
· For PUSCH repetition with Type1 & 2 CG originally configured/activated for 2 maintained joint/UL TCI states, all PUSCH repetitions will use the later maintained single TCI state
· For SDM sDCI mTRP PUSCH with Type1 & 2 CG originally configured/activated for 2 maintained TCI states, the corresponding CG will be implicitly disabled after the application time of the later maintained single joint/UL TCI state 

Proposal 9: Study DCI size reduction (formats 0_1/0_2) after beam indication DCI indicates one TCI state (sTRP mode)
· In Rel-17, up to 14 bits are added to UL DCI for mTRP PUSCH

Proposal 10: For PUCCH sTRP/mTRP operation switching, if two joint/UL TCI states are first maintained by UE in R18 mTRP mode but later a single TCI state is maintained by UE in R17 sTRP mode
· For P/SP PUCCH originally configured/activated for one or both of the two maintained joint/UL TCI states
· All occasions of the P/SP PUCCH will use the later maintained single joint/DL TCI state

Proposal 11: The implicit BFD for mTRP BFR in sDCI mTRP is enabled if both indicated TCI states are applied to at least one CORESET via RRC configuration
· The corresponding two QCL source RSs can be used as the implicit BFD RSs for the two TRPs, respectively

Proposal 12: The implicit BFD for mTRP BFR in sDCI mTRP is not supported if at least one of the two indicated TCI states is not applied to any CORESET via RRC configuration
· This implies two candidate beam RS sets should not be configured if two BFD-RS sets are not provided

Proposal 13: For STxMP PHR report, the legacy triggering events can be reused
Proposal 14: For STxMP PHR report, at least per-panel configured maximum output power should be reported for reference PUSCH transmission
Proposal 15: For STxMP PHR report, two MPE fields should be reported for the two panels’ applied power backoff to meet MPE requirements, regardless the PUSCH transmission is actual or virtual
Proposal 16: For PHR triggering and reporting for multi-DCI based STxMP PUSCH:
· Joint PHR triggering and reporting (similar to UL-CA) should be assumed for ideal backhaul case
· Separate PHR triggering and reporting can be assumed for non-ideal backhaul case
Proposal 17: For the PUSCH/PUCCH power control equations, support panel-specific configured maximum output power for sDCI PUSCH/PUCCH STxMP and mDCI PUSCH+PUSCH STxMP
Proposal 18: In case of panel specific configured maximum output power across CCs, the legacy UE Tx power prioritization rule can be applied to all UL channels across CCs sharing the same panel or UL applicable TCI state
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