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1. Introduction
[bookmark: _Hlk54343086]The agreements made in RAN1 #112 for agenda 9.1.1.1 are listed below.  
	Agreement
On unified TCI framework extension for S-DCI based MTRP, a 2-bit [TCI selection field] can be configured by RRC to be present in a DCI format 1_1/1_2 that schedules/activates PDSCH reception (including dynamic PDSCH and SPS PDSCH) according to the followings:
· If the DCI format 1_1/1_2 indicates codepoint "00" for the [TCI selection field], the UE shall apply the first one of two indicated joint/DL TCI states to all PDSCH DMRS port(s) of corresponding PDSCH transmission occasions(s) scheduled/activated by the DCI format 1_1/1_2
· If the DCI format 1_1/1_2 indicates codepoint "01" for the [TCI selection field], the UE shall apply the second one of two indicated joint/DL TCI states to all PDSCH DMRS port(s) of corresponding PDSCH transmission occasions(s) scheduled/activated by the DCI format 1_1/1_2
· If the DCI format 1_1/1_2 indicates codepoint "10" for the [TCI selection field], the UE shall apply both indicated joint/DL TCI states to the PDSCH reception scheduled/activated by the DCI format 1_1/1_2
· FFS: Whether and how to use the codepoint "11" of the [TCI selection field]
If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2 regardless of threshold, above apply to PDSCH reception(s) scheduled/activated by the DCI format 1_1/1_2. 
· Note: If the UE supports the capability of two default beams for S-DCI based MTRP in FR2, UE uses both indicated joint/DL TCI states to buffer the received signal before a threshold.
If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above apply to the scheduled/activated PDSCH reception when the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is equal to or larger than a threshold
· FFS: How to apply the indicated joint/DL TCI state(s) to the scheduled/activated PDSCH reception if the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is less than a threshold in FR2
FFS: Detail of the capability of two default beams for S-DCI based MTRP 
FFS: The threshold value

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

Agreement
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

Agreement
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

Agreement
On unified TCI framework extension for S-DCI based MTRP, down-select at least one of the followings for PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured w/o the [TCI selection field]:
· Alt1: Using RRC configuration to inform that the UE shall apply the first one, the second one, or both of two indicated joint/DL TCI states to the scheduled/activated PDSCH reception
· Alt2: The UE shall apply the first one of two indicated joint/DL TCI state(s) to the scheduled/activated PDSCH reception
· Alt3: The UE shall apply both of two indicated joint/DL TCI states to the scheduled/activated PDSCH reception
· Alt3A: The UE shall apply the same joint/DL TCI state(s) that is applied to the PDCCH reception with the scheduling/activation DCI to the scheduled/activated PDSCH reception
· [bookmark: _Hlk130136770]Alt4: Which indicated joint/DL TCI state(s) is/are applied to the scheduled/activated PDSCH reception is determined according to the existing TCI field of the most recently applied beam indication DCI
Above applies at least if the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is equal to or larger than a threshold (if the threshold is needed)



[bookmark: _Hlk110089543][bookmark: _Hlk525732985]
2. [bookmark: _Hlk100679068]sDCI mTRP TCI/PDCCH Association
In RAN1 #110, a remaining issue is whether only the CORESET(s) that always/can share the unified TCI state as defined in Rel-17 unified TCI framework can be associated with the joint/DL TCI state(s) indicated by DCI/MAC-CE. In our view, the same R17 rule can be reused to determine whether a CORESET can share indicated TCI state(s). 

Proposal 1: On unified TCI framework extension for S-DCI based MTRP, a rule similar to R17 can be reused to determine whether a CORESET can share indicated joint/DL TCI state(s)
· For CORESET only associated with USS, it can share indicated joint/DL TCI state(s)
· For CORESET at least associated with CSS, whether it can share indicated joint/DL TCI state(s) is indicated via RRC per CORESET

In addition, for the configured TCI state, its association with a CORESET not sharing any indicated TCI state can reuse existing MAC-CE based TCI state update per CORESET.

[bookmark: _Hlk118113750]Proposal 2: On unified TCI framework extension for S-DCI based MTRP, for the association between configured joint/DL TCI state and CORESET not sharing indicated joint/DL TCI state
· Support to reuse existing MAC-CE based TCI state update per CORESET

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 3: For CORESET sTRP/mTRP dynamic switching, if two joint/DL TCI states are first indicated but later a single joint/DL TCI state is indicated
· CORESETs configured to share one or both indicated joint/DL TCI states will use the single indicated joint/DL TCI state

In RAN1 #110, it has been agreed that CORESET #0 cannot be activated with 2 TCI states if associated with SS #0 for CSS. Similar principle can be reused in R18

	Agreement
UE does not expect CORESET#0 to be activated with two TCI states when it is associated with SS#0 for Type 0/0A/2 CSS
· Send an LS to inform RAN2 about this agreement
· The final LS in R1-2208203



[bookmark: _Hlk126747323][bookmark: _Hlk118113791]Proposal 4: CORESET #0 can only be configured to share a single indicated joint/DL TCI state if associated with SS #0 for Type 0/01/2 CSS
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 5: 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
For the use of the existing TCI field, we prefer the indicated TCI(s) are fully determined by the latest DCI indication, which can indicate either 1 or 2 TCIs for all applicable channels. For the option to indicate 1 TCI for 1 of the 2 TRPs in each DCI, additional bits may have to be added to the DCI to inform the indicated TCI is for which TRP, and that may reduce the DCI reliability. 

Proposal 6: For sDCI mTRP, the existing TCI field in DCI format 1_1/1_2 can indicate a TCI codepoint either mapped to a single TCI or two TCIs
· The indicated TCI(s) will be applied to all applicable channels after the application time
· Support not to increase the size of the existing TCI field
3. sDCI mTRP TCI/PDSCH Association
For R16 sDCI mTRP SDM/FDM/TDM based PDSCH repetitions, the rule has been defined for the mapping between each legacy TCI state and each PDSCH SDM/FDM component or FDM/TDM repetition. The same mapping rule can be reused for the extension of unified TCI framework to R16 sDCI mTRP PDSCH repetition schemes. One additional clarification could be that the 1st and 2nd legacy TCI states in the mapping rule should be replaced with the 1st and 2nd indicated DL applicable unified TCI states, since each TCI codepoint may be mapped to multiple DL and UL TCI states. 
[bookmark: _Hlk126747377]Proposal 7: For unified TCI framework extension to R16 sDCI mTRP SDM/FDM/TDM based PDSCH repetition, the mapping of joint/DL TCIs to repetitions or DMRS port groups can reuse the same rule in R16
·  i.e. by replacing 1st and 2nd indicated legacy TCI states in R16 rule with the 1st and 2nd indicated joint/DL TCI states

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: _Hlk126747415]Proposal 8: For PDSCH sTRP/mTRP dynamic switching, if two TCI states are first indicated but later a single TCI state is indicated
· For R17 FDM/TDM based SPS originally activated for two indicated joint/DL TCI states
· [bookmark: _Hlk112946555]All PDSCH occasions of the SPS will use the later indicated single joint/DL TCI state
· For R17 SDM based SPS originally activated for 2 indicated joint/DL TCI states
· The corresponding SPS will be implicitly disabled after the application time of the later indicated single joint/DL TCI state 
· For R15/16 sTRP based SPS originally activated for one of the two indicated joint/DL TCI states
· All PDSCH occasions of the SPS will use the later indicated single joint/DL TCI state

For sDCI mTRP, if two TCIs are indicated but UE only supports a single default beam for the case of scheduling offset less than a threshold, the 1st indicated TCI can serve as the single default beam. 
[bookmark: _Hlk130134073]Proposal 9: For unified TCI extension to sDCI mTRP, if two TCIs are indicated but UE only supports a single default beam for the case of scheduling offset < threshold
· 1st indicated TCI serves as the single default beam

For sDCI mTRP, if the new TCI selection field does not present in the DCI format 1_1/1_2, the maintained TCI(s) based on the latest applied beam indication will be used to receive PDSCH scheduled/activated by this DCI for the case of scheduling offset greater than a threshold.
Proposal 10: For sDCI mTRP, when the new DCI field indicating which TCI(s) to be applied to the scheduled PDSCH does not present in the DCI format 1_1/1_2 for the case of scheduling offset  threshold
· Which indicated joint/DL TCI state(s) is/are applied to the scheduled/activated PDSCH reception is determined by the maintained beam indication at start of the PDSCH

For sDCI mTRP, if PDSCH is scheduled by DCI format 1_0, which has no the new TCI selection field, the 1st indicated TCI will be used to receive this scheduled PDSCH for the case of scheduling offset greater than a threshold.
Proposal 11: For sDCI mTRP, when PDSCH is scheduled by DCI format 1_0 with scheduling offset  threshold
· 1st indicated TCI is applied to the scheduled PDSCH

In case of 2 TCIs for PDSCH CJT, the existing QCL rule in R17 SFN scheme A and B can be reused. Specifically, both delay and Doppler QCL parameters are provided by the two QCL-TypeA source RSs in the 2 TCIs, or delay is provided by the two QCL-TypeA source RSs, while Doppler is only provided by the first QCL-TypeA source RS.
Proposal 12: For sDCI mTRP, for PDSCH-CJT with 2 indicated TCIs, support the following two options
· 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
4. sDCI mTRP TCI/PUSCH Association
At least for R17 PUSCH repetition scheduled/activated by DCI format 0_1/0_2, the existing SRS resource set indicator 
[bookmark: _Hlk118105176]In R17 mTRP for PUSCH repetition with type-1 CG, the existing SRI(s) as well as other parameters configured in configuredGrantConfig can be used to inform which indicated TCI state(s) are applied to PUSCH. Specifically, if two SRIs and TPMIs are provided, the PUSCH repetition(s) associated with one SRS resource set will use one of the two indicated TCI states if two joint/UL TCI states are indicated, e.g. the PUSCH repetition(s) associated with the 1st SRS resource set will use the 1st indicated TCI state. If there is only one set of SRI, TPMI, and PC parameters in configuredGrantConfig, all PUSCH repetitions will use one of the two indicated TCI states if two joint/UL TCI states are indicated, e.g. the 1st indicated TCI state.

[bookmark: _Hlk130307464][bookmark: _Hlk126747597]Proposal 13: For R17 PUSCH repetition with Type-1 CG, the existing SRI(s) configured in configuredGrantConfig can be reused to inform which TCI state(s) are applied to PUSCH
· If two SRIs and two precoding information are provided, the PUSCH repetition(s) associated with one SRS resource set will use one of the two indicated TCI states if two joint/UL TCI states are indicated
· e.g. 1st indicated TCI state is used for PUSCH repetition(s) associated with 1st SRS resource set
· If configuredGrantConfig contains only one pathlossReferenceIndex, p0-PUSCH-Alpha, powerControlLoopToUse, srs-ResourceIndicator, and precodingAndNumberOfLayers (for CB), all PUSCH repetitions are associated only with one of the two indicated TCI states if two joint/UL TCI states are indicated
· e.g. 1st indicated TCI state is used for all repetitions

[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 14: For PUSCH sTRP/mTRP dynamic switching, if two TCI states are first indicated but later a single TCI state is indicated
· For R17 PUSCH repetition with Type1 & 2 CG originally configured/activated for 2 indicated TCI states, all PUSCH repetitions will use the later indicated single TCI state
· For R18 SDM based PUSCH with Type1 & 2 CG originally configured/activated for 2 indicated TCI states, the corresponding CG will be implicitly disabled after the application time of the later indicated single TCI state 

For R17 sDCI mTRP, the fallback DCI formats cannot schedule mTRP operation. Therefore, if two TCI states are indicated, the PUSCH scheduled/activated by the DCI format 0_0 can only use one of the indicated TCI states. A simple rule could be that the 1st indicated TCI state is always applied to PUSCH scheduled/activated by the DCI format 0_0 when two TCI states are indicated.

Proposal 15: On unified TCI framework extension for S-DCI based MTRP, for PUSCH scheduled/activated by DCI format 0_0, the 1st of the two indicated TCI states is applied to the scheduled/activated PUSCH if two TCI states are indicated
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 16: 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
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Description automatically generated]
Figure 1: UL DCI is implicitly switched to sTRP version after ACK for the single-TCI selection command 
5. sDCI mTRP TCI/SRS Association
In R17, an SRS resource set can be configured to follow the indicated unified TCI state. In case of sDCI mTRP with two SRS resource sets for the same usage and with two indicated unified TCI states, each of the two SRS resource sets can be configured to follow one of the indicated unified TCI state.
[bookmark: _Hlk126747734]Proposal 17: For sDCI mTRP with two SRS resource sets for the same usage, each SRS resource set can follow one indicated joint/UL TCI state for a TRP
· An RRC flag can be configured per SRS resource set to indicate which joint/UL TCI to follow for this resource set
6. sDCI mTRP TCI/PUCCH Association
[bookmark: _Hlk112961786]As agreed in RAN1 #111, a PUCCH resource can be configured to use both indicated joint/UL TCI states when two joint/UL TCI states are indicated. In addition, for the extension to R17 PUCCH repetition, the mapping rule between PUCCH repetition(s) and indicated joint/UL TCI state can be similar to that used in R17. Specifically, the 1st and 2nd spatial settings in the R17 mapping rule can be replaced with 1st and 2nd indicated joint/UL TCI states, respectively.

[bookmark: _Hlk130307573]Proposal 18: For R17 PUCCH repetition in sDCI mTRP, if a PUCCH resource is configured to use both indicated joint/UL TCI states when two joint/UL TCI states are indicated
· The mapping between PUCCH repetition(s) and joint/UL TCI state can reuse the R17 mapping rule by replacing 1st and 2nd spatial settings with 1st and 2nd indicated joint/UL TCI states

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 19: For PUCCH sTRP/mTRP dynamic switching, if two TCI states are first indicated but later a single TCI state is indicated
· At least for R15/17 P/SP PUCCH originally configured/activated for one or both of the two indicated joint/UL TCI states
· All occasions of the P/SP PUCCH will use the later indicated single joint/DL TCI state
7. [bookmark: _Hlk112922669]mDCI mTRP TCI/Channel Association
In R17, an RRC flag is introduced to indicate whether a configured resource follows the indicated unified TCI or not. Similar concept can be extended to mDCI mTRP, where an RRC flag can be introduced to indicate whether a configured channel/RS should share indicated TCI state(s) or not and, if so, which TCI state(s) if two TCI states are indicated.

[bookmark: _Hlk130307607]Proposal 20: For mDCI mTRP, an indicator is introduced with the following behaviours to inform UE whether an RRC configured channel/RS should share indicated TCI state(s) and, if so, which TCI state(s) if two TCI states are indicated
· Behavior 1: Not to share any indicated TCI state
· Behavior 2: Share the indicated TCI state for CORESETPoolIndex #0
· Behavior 3: Share the indicated TCI state for CORESETPoolIndex #1
· Behavior 4: Share the indicated TCI states for both CORESETPoolIndex #0 and #1

For mDCI mTRP, the association between the selected unified TCI and the applied channels/RSs can be determined via CORESETPoolIndex at least for channels/RSs scheduled/activated by DCI. For example, the DCI with a particular CORESETPoolIndex will indicate a TCI codepoint activated by the MAC-CE for the same CORESETPoolIndex. The indicated TCI state(s) will be implicitly applied to channels/RSs scheduled/activated by CORESET(s) with same CORESETPoolIndex.    

[bookmark: _Hlk101790495][bookmark: _Hlk130307619]Proposal 21: For mDCI mTRP, for channels/RSs scheduled/activated by DCI, they will use the TCI selected for the same CORESETPoolIndex as the scheduling/activating DCI
For mDCI mTRP, if two TCIs are indicated but UE only supports a single default beam for the case of scheduling offset less than a threshold, the TCI indicated for CORESETPoolIndex = 0 serves as the single default beam.
[bookmark: _Hlk130134129]Proposal 22: For unified TCI extension to mDCI mTRP, if two TCIs are indicated but UE only supports a single default beam for the case of scheduling offset < threshold
· The TCI indicated for CORESETPoolIndex = 0 serves as the single default beam
8. Unified TCI for mTRP BFR
In R17 sTRP unified TCI, the beam of the channels/RSs sharing the indicated unified TCI will be reset to the reported new beam in case of cell-level BFR, including both PCell and SCell BFR. Such implicit beam resetting can be extended to mTRP unified TCI as well. Specifically, the beam of the channels/RSs sharing the indicated unified TCI associated with a failed TRP will be reset to the reported new beam for the failed TRP in case of TRP-level BFR.

[bookmark: _Hlk118117497][bookmark: _Hlk118099602]Proposal 23: After X symbols from the end of PDCCH as response for the mTRP BFR MAC-CE, all channels/RSs previously sharing the same selected unified TCI associated with a failed TRP will have the beam reset to the newly identified beam for the failed TRP reported in the MAC-CE
[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 2 TCIs are indicated, 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 two TCIs of the codepoint with lowest ID among all codepoints with 2 TCIs can be used to determine the two implicit BFD RSs. Therefore, there is no dynamic switch between sTRP BFR and mTRP BFR, regardless one or two TCIs are indicated. This avoids simultaneous enablement of different types of BFR and preserves the same behaviour as in R17. 

Proposal 24: The implicit BFD for mTRP BFR in sDCI mTRP is enabled if each of the 1st and 2nd indicated TCI states is associated with at least a CORESET/CORESET group via RRC configuration
· If two TCIs are indicated, the corresponding two QCL source RSs can be used as the implicit BFD RSs for the two TRPs, respectively
· Otherwise, the two TCIs of the codepoint with lowest ID among all codepoints with 2 TCIs can be used to determine the two implicit BFD RSs
9. [bookmark: _Hlk54257923]Unified TCI for Simultaneous UL Tx
In RAN1 #110-bis-e, SFN based PUSCH is supported. Similar to SFN based PDSCH, the two indicated TCI states can be mapped to the each PUSCH DMRS port whenever the SFN based PUSCH is enabled.

[bookmark: _Hlk118117555]Proposal 25: For sDCI mTRP with SFN based PUSCH, two indicated TCI states are mapped to each PUSCH DMRS port
The SDM based PUSCH STxMP for sDCI mTRP is currently under study in 9.1.4.1, where only NCJT is considered, i.e. different layers/DMRS ports of one PUSCH are separately precoded and transmitted from different UE panels simultaneously. For the unified TCI framework extension, if two TCIs are indicated, they are mapped to the two sets of PUSCH DMRS ports associated with the two TPMI/SRI fields, respectively.
[bookmark: _Hlk110158330]Proposal 26: For SDM based PUSCH STxMP in sDCI mTRP, two indicated unified TCI state are mapped to the two sets of PUSCH DMRS ports associated with the two TPMI/SRI fields, respectively
· Applicable to both CB and NCB based PUSCH transmissions

[bookmark: _Hlk110156188]Another important issue is how to identify two UL UE beams that are feasible for simultaneous UL Tx. One way is to enhance the existing group-based beam report, where UE can inform gNB whether the UL beam(s) indicated by the 2 reported DL RSs per group can support simultaneous UL Tx or not. This is because some UE panels may be DL reception only, depending on the implementation. In addition, if simultaneous UL Tx is supported, UE may further inform gNB whether the indicated UL beam(s) by the 2 DL RSs correspond to the same or different UL spatial filters, since gNB may prefer different UL spatial filters for throughput enhancement via SDM based UL Tx. 
Instead of group-based beam report, another alternative is for UE to indicate the corresponding UE panel ID per reported DL RS in the beam report, based on which gNB can identify whether the UL beams indicated by two DL RSs correspond to different UE panels or not. This scheme has been extensively discussed in R16 and R17. To avoid similar discussion as well as unnecessary feedback of UE implementation details, we prefer to consider enhancement based on group-based beam report in R18.
Proposal 27: To determine simultaneous UL Tx beams, group-based beam report can be enhanced such that
· UE can report whether each beam group can also be used for simultaneous UL Tx, and with same or different UL spatial filters
10. PC Issues Applicable to sDCI mTRP
In R17 mTRP PUSCH & PUCCH, different UL power control (PC) parameters can be assigned to different TRPs, including P0, alpha, closed-loop index. In addition, in R17 unified TCI, UE will apply a set of default PC parameters if the unified TCI state has no associated PC parameter set. In case of mTRP unified TCI, the same flexibility should be maintained for gNB to indicate different PC parameters for the two TRPs, including the default PC parameter sets, such that optimized PC parameters per TRP can be used, e.g. P0 and closed-loop index.  

Proposal 28: Introduce two default PC parameter sets for 2 TRPs, respectively
· If a selected UL applicable TCI associated with a TRP does not have associated PC parameters, the corresponding default PC parameter set will be applied

[bookmark: _Hlk110158654]For the simultaneous UL Tx to be specified in R18, the main scenario is FR2 as described in WID. In case of FR2, the UE panels typically have independent power amplifiers (PA). This should be considered, at least based on UE capability, in various aspects of UL PC, e.g. per-TRP PC, PHR, and UL power prioritization across channels/CCs.  

Proposal 29: To facilitate panel specific power control, PHR, and power prioritization for STxMP, the UE maximum configured power Pcmax,f,c and Pcmax can be extended to be panel specific in FR2

[image: ]

Figure 2: Independent PA per UE panel for FR2 
In RAN1 #109e, it has been agreed for R17 unified TCI that the virtual PHR can use the PC parameters associated with the indicated unified TCI state for more accurate UL power determination, instead of using the default PC parameters. The same principle can be extended to the case of two PHR for mTRP. Specifically, when two Type-1 PHRs are to be reported and at least one of them is based on a reference PUSCH transmission, the UE uses the PUSCH power control parameters (i.e., PL-RS, P0, alpha, closed loop index) associated with the indicated joint/UL-TCI state for that reference PUSCH transmission.

	Agreement
To calculate the Type 1 power headroom based on a reference PUSCH , the UE uses the PUSCH power control parameters (i.e., PL-RS, P0, alpha, closed loop index) associated with the indicated joint/UL-TCI state.



Proposal 30: When two Type-1 PHRs are to be reported and at least one of them is based on a reference PUSCH transmission, the UE uses the PUSCH power control parameters (i.e., PL-RS, P0, alpha, closed loop index) associated with the indicated joint/UL-TCI state for that reference PUSCH transmission
11. 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: On unified TCI framework extension for S-DCI based MTRP, a rule similar to R17 can be reused to determine whether a CORESET can share indicated joint/DL TCI state(s)
· For CORESET only associated with USS, it can share indicated joint/DL TCI state(s)
· For CORESET at least associated with CSS, whether it can share indicated joint/DL TCI state(s) is indicated via RRC per CORESET

Proposal 2: On unified TCI framework extension for S-DCI based MTRP, for the association between configured joint/DL TCI state and CORESET not sharing indicated joint/DL TCI state
· Support to reuse existing MAC-CE based TCI state update per CORESET

Proposal 3: For CORESET sTRP/mTRP dynamic switching, if two joint/DL TCI states are first indicated but later a single joint/DL TCI state is indicated
· CORESETs configured to share one or both indicated joint/DL TCI states will use the single indicated joint/DL TCI state

Proposal 4: CORESET #0 can only be configured to share a single indicated joint/DL TCI state if associated with SS #0 for Type 0/01/2 CSS
Proposal 5: 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 6: For sDCI mTRP, the existing TCI field in DCI format 1_1/1_2 can indicate a TCI codepoint either mapped to a single TCI or two TCIs
· The indicated TCI(s) will be applied to all applicable channels after the application time
· Support not to increase the size of the existing TCI field

Proposal 7: For unified TCI framework extension to R16 sDCI mTRP SDM/FDM/TDM based PDSCH repetition, the mapping of joint/DL TCIs to repetitions or DMRS port groups can reuse the same rule in R16
·  i.e. by replacing 1st and 2nd indicated legacy TCI states in R16 rule with the 1st and 2nd indicated joint/DL TCI states

Proposal 8: For PDSCH sTRP/mTRP dynamic switching, if two TCI states are first indicated but later a single TCI state is indicated
· For R17 FDM/TDM based SPS originally activated for two indicated joint/DL TCI states
· All PDSCH occasions of the SPS will use the later indicated single joint/DL TCI state
· For R17 SDM based SPS originally activated for 2 indicated joint/DL TCI states
· The corresponding SPS will be implicitly disabled after the application time of the later indicated single joint/DL TCI state 
· For R15/16 sTRP based SPS originally activated for one of the two indicated joint/DL TCI states
· All PDSCH occasions of the SPS will use the later indicated single joint/DL TCI state

Proposal 9: For unified TCI extension to sDCI mTRP, if two TCIs are indicated but UE only supports a single default beam for the case of scheduling offset < threshold
· 1st indicated TCI serves as the single default beam

Proposal 10: For sDCI mTRP, when the new DCI field indicating which TCI(s) to be applied to the scheduled PDSCH does not present in the DCI format 1_1/1_2 for the case of scheduling offset  threshold
· Which indicated joint/DL TCI state(s) is/are applied to the scheduled/activated PDSCH reception is determined by the maintained beam indication at start of the PDSCH

Proposal 11: For sDCI mTRP, when PDSCH is scheduled by DCI format 1_0 with scheduling offset  threshold
· 1st indicated TCI is applied to the scheduled PDSCH

Proposal 12: For sDCI mTRP, for PDSCH-CJT with 2 indicated TCIs, support the following two options
· 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

Proposal 13: For R17 PUSCH repetition with Type-1 CG, the existing SRI(s) configured in configuredGrantConfig can be reused to inform which TCI state(s) are applied to PUSCH
· If two SRIs and two precoding information are provided, the PUSCH repetition(s) associated with one SRS resource set will use one of the two indicated TCI states if two joint/UL TCI states are indicated
· e.g. 1st indicated TCI state is used for PUSCH repetition(s) associated with 1st SRS resource set
· If configuredGrantConfig contains only one pathlossReferenceIndex, p0-PUSCH-Alpha, powerControlLoopToUse, srs-ResourceIndicator, and precodingAndNumberOfLayers (for CB), all PUSCH repetitions are associated only with one of the two indicated TCI states if two joint/UL TCI states are indicated
· e.g. 1st indicated TCI state is used for all repetitions

Proposal 14: For PUSCH sTRP/mTRP dynamic switching, if two TCI states are first indicated but later a single TCI state is indicated
· For R17 PUSCH repetition with Type1 & 2 CG originally configured/activated for 2 indicated TCI states, all PUSCH repetitions will use the later indicated single TCI state
· For R18 SDM based PUSCH with Type1 & 2 CG originally configured/activated for 2 indicated TCI states, the corresponding CG will be implicitly disabled after the application time of the later indicated single TCI state 

Proposal 15: On unified TCI framework extension for S-DCI based MTRP, for PUSCH scheduled/activated by DCI format 0_0, the 1st of the two indicated TCI states is applied to the scheduled/activated PUSCH if two TCI states are indicated
Proposal 16: 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 17: For sDCI mTRP with two SRS resource sets for the same usage, each SRS resource set can follow one indicated joint/UL TCI state for a TRP
· An RRC flag can be configured per SRS resource set to indicate which joint/UL TCI to follow for this resource set

Proposal 18: For R17 PUCCH repetition in sDCI mTRP, if a PUCCH resource is configured to use both indicated joint/UL TCI states when two joint/UL TCI states are indicated
· The mapping between PUCCH repetition(s) and joint/UL TCI state can reuse the R17 mapping rule by replacing 1st and 2nd spatial settings with 1st and 2nd indicated joint/UL TCI states

Proposal 19: For PUCCH sTRP/mTRP dynamic switching, if two TCI states are first indicated but later a single TCI state is indicated
· At least for R15/17 P/SP PUCCH originally configured/activated for one or both of the two indicated joint/UL TCI states
· All occasions of the P/SP PUCCH will use the later indicated single joint/DL TCI state

Proposal 20: For mDCI mTRP, an indicator is introduced with the following behaviours to inform UE whether an RRC configured channel/RS should share indicated TCI state(s) and, if so, which TCI state(s) if two TCI states are indicated
· Behavior 1: Not to share any indicated TCI state
· Behavior 2: Share the indicated TCI state for CORESETPoolIndex #0
· Behavior 3: Share the indicated TCI state for CORESETPoolIndex #1
· Behavior 4: Share the indicated TCI states for both CORESETPoolIndex #0 and #1

Proposal 21: For mDCI mTRP, for channels/RSs scheduled/activated by DCI, they will use the TCI selected for the same CORESETPoolIndex as the scheduling/activating DCI
Proposal 22: For unified TCI extension to mDCI mTRP, if two TCIs are indicated but UE only supports a single default beam for the case of scheduling offset < threshold
· The TCI indicated for CORESETPoolIndex = 0 serves as the single default beam

Proposal 23: After X symbols from the end of PDCCH as response for the mTRP BFR MAC-CE, all channels/RSs previously sharing the same selected unified TCI associated with a failed TRP will have the beam reset to the newly identified beam for the failed TRP reported in the MAC-CE
Proposal 24: The implicit BFD for mTRP BFR in sDCI mTRP is enabled if each of the 1st and 2nd indicated TCI states is associated with at least a CORESET/CORESET group via RRC configuration
· If two TCIs are indicated, the corresponding two QCL source RSs can be used as the implicit BFD RSs for the two TRPs, respectively
· Otherwise, the two TCIs of the codepoint with lowest ID among all codepoints with 2 TCIs can be used to determine the two implicit BFD RSs

Proposal 25: For sDCI mTRP with SFN based PUSCH, two indicated TCI states are mapped to each PUSCH DMRS port
Proposal 26: For SDM based PUSCH STxMP in sDCI mTRP, two indicated unified TCI state are mapped to the two sets of PUSCH DMRS ports associated with the two TPMI/SRI fields, respectively
· Applicable to both CB and NCB based PUSCH transmissions

Proposal 27: To determine simultaneous UL Tx beams, group-based beam report can be enhanced such that
· UE can report whether each beam group can also be used for simultaneous UL Tx, and with same or different UL spatial filters

Proposal 28: Introduce two default PC parameter sets for 2 TRPs, respectively
· If a selected UL applicable TCI associated with a TRP does not have associated PC parameters, the corresponding default PC parameter set will be applied

Proposal 29: To facilitate panel specific power control, PHR, and power prioritization for STxMP, the UE maximum configured power Pcmax,f,c and Pcmax can be extended to be panel specific in FR2
Proposal 30: When two Type-1 PHRs are to be reported and at least one of them is based on a reference PUSCH transmission, the UE uses the PUSCH power control parameters (i.e., PL-RS, P0, alpha, closed loop index) associated with the indicated joint/UL-TCI state for that reference PUSCH transmission
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