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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In previous meetings [1]~[4], progress was made for unified TCI framework extension for MTRP. This contribution provides our views on remaining issues and further discusses other potential topics on unified TCI framework extension for MTRP.
Discussion on unified TCI framework extension for MTRP
Signaling mechanism for S-DCI based MTRP
TCI state activation and indication
It has been agreed that the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate multiple joint/DL/UL TCI states in a CC/BWP or a set of CCs/BWPs in a CC list. Following agreements and conclusion have been reached for S-DCI based MTRP in up to RAN1#112bis-e.
	Agreement
On unified TCI framework extension, at least for the target use cases agreed in RAN1#109-e in AI 9.1.1.1, up to 4 TCI states can be indicated in a CC/BWP or a set of CCs/BWPs in a CC list to DL receptions and/or UL transmissions, where these TCI states are indicated/updated by MAC-CE/DCI with the necessary MAC-CE based TCI state activation
· FFS: The possible combination(s) of joint/DL/UL TCI states that can be indicated to DL receptions and/or UL transmissions in a BWP/CC/TRP
· Note: This agreement does not imply that there will be more than 2 DL or UL or joint TCI states indicated in a CC/BWP for the target use cases agreed in RAN1#109-e in AI 9.1.1.1
· Note: The maximum number of TCI states that can be indicated to each of the target use cases agreed in RAN1#109-e in AI 9.1.1.1 is remained the same as in Rel-16/17
Note: The maximum number of TCI states that can be indicated simultaneously to CJT-based PDSCH reception and the required type(s) of TCI states (i.e., DL /UL/joint) are independently discussed in this AI

Agreement
On unified TCI framework extension for S-DCI based MTRP, in one beam indication instance, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate joint/DL/UL TCI state(s) for one or both of the two TRPs in a CC/BWP or a set of CCs/BWPs in a CC list
· FFS: Increase on the size of the TCI field
· Note: The term TRP is used only for discussion purpose in RAN1 and whether/how to capture this is FFS

Conclusion
[bookmark: _Hlk134539363]On unified TCI framework extension for S-DCI based MTRP operation, there is no consensus to support dynamic switching between single-TRP operation and multi-TRP operation for channels/signals based on the number of TCI states mapped to the received TCI codepoint in DCI format 1_1/1_2
· FFS: How to switch between Rel-17 sTRP operation and Rel-18 mTRP operation

Agreement
On unified TCI framework extension, the Rel-17 timeline for updating the indicated joint/DL/UL TCI state(s) is retained, i.e., the indicated joint/DL/UL TCI state(s) applied to the DL reception or UL transmission in each slot is updated based on the Rel-17 beam application time

Agreement
On unified TCI framework extension for S-DCI based MTRP operation, support the followings:
· For a serving cell configured with joint DL/UL TCI mode, a full-set or any sub-set of {first joint TCI state, second joint TCI state} can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 by TCI state activation command (MAC-CE)
· For a serving cell configured with separate DL/UL TCI mode, a full-set or any sub-set of {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state} can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 by TCI state activation command (MAC-CE)
· 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 (detail on how to indicate above is up to RAN2 design)
· The first/second indicated joint/DL/UL TCI state(s) is updated according to the corresponding first/second joint/DL/UL TCI state(s) mapped to the TCI codepoint received by the UE
· If the UE receives a TCI codepoint mapped with a sub-set of {first joint TCI state, second joint TCI state} or {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state}, the UE shall update the first/second indicated joint/DL/UL TCI state(s) according to the first/second joint/DL/UL TCI state(s) in the subset and keep other indicated first/second joint/DL/UL TCI state(s) that is not updated by the received TCI codepoint



One remaining issue is how to switch between Rel-17 STRP operation and Rel-18 S-DCI based MTRP operation for overall DL and UL channels/signals since it cannot be based on the number of TCI states mapped to the received TCI codepoint in DCI format 1_1/1_2. In the last meeting, most companies agree to use MAC CE to implement the switching, and two alternatives were proposed to configure/determine that a CC is operated in Rel-18 unified TCI framework extension for S-DCI based MTRP:
Alt1: if a TCI state activation command (MAC-CE) that activates at least one TCI codepoint mapped with more than one joint TCI states, more than one DL TCI states, or more than one UL TCI states is received and applied in the CC
Alt2: if a Rel-18 TCI state activation command (MAC-CE) for S-DCI based MTRP operation (which is different from the TCI state activation command (MAC-CE) for Rel-17 unified TCI framework) is received and applied in the CC
One concern on either way is whether to impose any constraints on the first TCI state indication after the UE switches from Rel-17 STRP operation to Rel-18 S-DCI based MTRP operation due to unknown previous TCI states for other TCI states when a subset of {first joint/DL/UL TCI state, second joint/DL/UL TCI state} are indicated. For example, UE expects the first indicated TCI codepoint is mapped to full set of {first joint/DL/UL TCI state, second joint/DL/UL TCI state} in the CC.
In our view, such a constraint is not needed with proper TCI state activation and indication by network and clearly defined UE behavior. When the UE receives an indicated TCI codepoint in DCI format 1_1/1_2 mapped to the subset of TCI states, the previously applied joint/DL/UL TCI state(s) can be kept if they are also activated in the latest TCI state activation MAC-CE. That is, if the first indicated TCI codepoint after the TCI state activation MAC CE for S-DCI based MTRP is mapped to the subset of joint/DL/UL TCI states which are indicated as the first or second joint/DL/UL TCI state(s), the previously applied single joint/DL/UL TCI state(s) is kept as the second or first joint/DL/UL TCI state(s). The re-activation of the previous activated TCI states can be guaranteed by gNB implementation.
In this case, any codepoints in the TCI state activation MAC CE for S-DCI based MTRP are not necessarily forced to map to full set of {first joint/DL/UL TCI state, second joint/DL/UL TCI state}. Thus, Alt2 is preferred.
To determine that a CC is operated in Rel-18 unified TCI framework extension for S-DCI based MTRP, Alt2 is supported
Alt2: A CC is operated in Rel-18 unified TCI framework extension for S-DCI based MTRP if a Rel-18 TCI state activation command (MAC-CE) for S-DCI based MTRP operation (which is different from the TCI state activation command (MAC-CE) for Rel-17 unified TCI framework) is received and applied in the CC
On unified TCI framework extension for S-DCI based MTRP, when the first indicated TCI codepoint after the TCI state activation MAC CE for S-DCI based MTRP is mapped to the subset of joint/DL/UL TCI state(s),
If the TCI state in the codepoint is indicated as the first joint/DL/UL TCI state(s), the previously applied single joint/DL/UL TCI state(s) is kept as the second joint/DL/UL TCI state(s)
If the TCI state in the codepoint is indicated as the second joint/DL/UL TCI state(s), the previously applied single joint/DL/UL TCI state(s) is kept as the first joint/DL/UL TCI state(s)
Note: above applies only if the previously indicated single joint/DL/UL TCI state(s) is also activated by the TCI state activation MAC CE for S-DCI based MTRP
On unified TCI framework extension for S-DCI based MTRP, the max number of bits for TCI field is 3.
TCI state application
Up to RAN1#112bis-e, following agreements and conclusion have been made for the TCI state application for channels for S-DCI based MTRP.
	Agreement (PDCCH)
On unified TCI framework extension for S-DCI based MTRP, to inform the association with the joint/DL TCI state(s) indicated by DCI/MAC-CE for PDCCH repetition, PDCCH-SFN, and PDCCH w/o repetition/SFN, support the following:
Use RRC configuration to inform that the UE shall apply the first one, the second one, both, or none of the joint/DL TCI states indicated by DCI/MAC-CE to a CORESET or a group of CORESETs (if CORESET group configuration is supported)

Conclusion (PDCCH)
On unified TCI framework extension for S-DCI based MTRP, there is no consensus in RAN1 on whether to reuse the Rel-17 RRC parameter followUnifiedTCIstate as a part of the RRC configuration that informs the UE shall apply the first one, the second one, both, or none of the indicated joint/DL TCI states to a CORESET
· Above does not impact how RAN2 writes their specifications 

Agreement (PDSCH)
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 (PDSCH)
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
· 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)

Agreement (PDSCH)
On unified TCI framework extension for S-DCI based MTRP, the presence of the [TCI selection field] can be RRC-configured per DL BWP
· FFS: Whether the presence of the [TCI selection field] can be configured individually for DCI format 1_1 and DCI format 1_2 in the same DL BWP

Agreement (PUCCH)
On unified TCI framework extension for S-DCI based MTRP, use RRC configuration to inform that the UE shall apply the first one, the second one, or both of the indicated joint/UL TCI states to a PUCCH resource/group
· Note: Detail of the RRC configuration is left to RAN2 design

Agreement (PUSCH)
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 (PUSCH)
On unified TCI framework extension for S-DCI based MTRP, the UE shall apply the first indicated joint/UL TCI state to PUSCH transmission(s) scheduled/activated by DCI format 0_0 (including DG and Type2 CG)

Agreement (PUSCH Type-1 CG)
On unified TCI framework extension for S-DCI based MTRP, an RRC configuration is provided to a Type1 CG configuration to inform that the UE shall apply the first, the second, or both indicated joint/UL TCI states to the corresponding CG-PUSCH transmission
· If the first or the second indicated joint/UL TCI state is applied, the UE shall apply the first or the second indicated joint/UL TCI state to all PUSCH antenna port(s) of corresponding PUSCH transmission occasions(s)
· If both indicated joint/UL TCI states are applied:
· 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 
· FFS: SDM and SFN based PUSCH Tx schemes

Agreement (AP CSI-RS)
On unified TCI framework extension for S-DCI based MTRP, an RRC configuration can be provided in CSI-AssociatedReportConfigInfo of CSI-AperiodicTrigger State for each CSI-RS resource set or for each CSI-RS resource in each aperiodic CSI-RS resource set to inform that the UE shall apply the first or the second indicated joint/DL TCI state to the CSI-RS resource if the aperiodic CSI-RS resource set for CSI/BM is configured to follow unified TCI state
· Above applies at least if the offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in the aperiodic CSI-RS resource set is equal to or larger than a threshold (if the threshold is needed)
· FFS: If the UE is configured for CSI-RS resource set, for an aperiodic CSI-RS resource set configured with two Resource Groups for NCJT CSI and configured to follow unified TCI state, if above RRC configuration is not provided to the aperiodic CSI-RS resource set, the UE shall apply the first indicated joint/DL TCI state to the CSI-RS resource(s) in Group 1 and the second indicated joint/DL TCI state to the CSI-RS resource(s) in Group 2.
· ‘per CSI-RS resource set’ or ‘per CSI-RS resource’ is up to UE capability




In the following, we further discuss the FFS parts of the above agreements and show our views on TCI state application for other signals.
PDSCH
A new indicator field, [TCI selection field], with size of 2 bits in DCI format 1_1/1_2 is introduced to dynamically select one or both TCI states for MTRP PDSCH reception when two joint/DL TCI states are indicated. Codepoints of three cases of TCI selection were agreed and the use of one codepoint “11” is to be determined.
In our views, the mapping order can also be indicated like UL PUSCH repetition to provide more flexibility without consuming extra bits in [TCI selection field] by utilizing codepoint “11” for free. If it is not supported, two codepoints with different ordering of the same two TCI states have to be activated in the TCI state activation MAC CE to support dynamic TCI state swapping. Such flexibility allows the network to indicate proper mapping order by associating a better joint/DL TCI states to the resources of prioritized spatial/frequency/time domain, which will improve the latency and performance especially for URLLC services,
For PDSCH TDM scheme, the network can dynamically select the optimal joint/DL TCI state mapping order to ensure the joint/DL TCI state of the stronger TRP is applied firstly to the transmission occasions to reduce the transmission latency which is critical to URLLC services.
For PDSCH SDM scheme, for a UE not supporting DMRS entry {0,2,3}, i.e., layer 1+2, utilizing legacy DMRS entry of 2+1 with TCI state swapping can achieve 1+2.
For PDSCH FDM-B scheme, only four RV candidates (0, 2), (2, 3), (3, 1), (1, 0) can be indicated by the scheduling DCI. As the self-decodable capability of different RVs are different, it is preferred to assign the joint/DL TCI state of the stronger TRP to the RV with better self-decodable RV.
Moreover, there is no extra UE complexity on applying different TCI state ordering. Therefore, we have following proposal.
On unified TCI framework extension for S-DCI based MTRP, codepoint “10” and “11” of the [TCI selection field] are used to select both indicated joint/DL TCI states for the PDSCH reception scheduled/activated by the DCI format 1_1/1_2
If codepoint “10” is indicated, the 1st and 2nd indicated joint/DL TCI states are mapped to the first and second spatial/frequency/time resources for SDM, FDM, TDM and SFN schemes.
If codepoint “11” is indicated, the 1st and 2nd indicated joint/DL TCI states are mapped to the second and first spatial/frequency/time resources for SDM, FDM, TDM and SFN schemes.
Three cases of default TCI state(s) for PDSCH reception to be determined when two joint/DL TCI states have been indicated are listed as follows:
The default joint/DL TCI state(s) for 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, and if the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2
[bookmark: _Hlk131688209]The default joint/DL TCI state(s) for PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured without the [TCI selection field]
The default joint/DL TCI state(s) for PDSCH reception scheduled/activated by DCI format 1_0
As a unified solution, the first indicated joint/DL TCI state can be applied to the non-SFN PDSCH reception scheduled or activated by the DCI.
On unified TCI framework extension for S-DCI based MTRP when two joint/DL TCI states are indicated, apply the first indicated joint/DL TCI state for non-SFN PDSCH reception when it is scheduled/activated 1) by DCI format 1_1/1_2 with offset between the reception of the DCI and the PDSCH reception less than a threshold in FR2 if the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, 2) by DCI format 1_1/1_2 without [TCI selection field], or 3) by DCI format 1_0.
However, PDSCH-SFN needs careful discussion depending on whether UE supports dynamic switching between SFN and STRP or not and the legacy behavior should be tried to maintain. Whether PDSCH-SFN applies the first indicated joint/DL TCI state or both indicated joint/DL TCI states also depends on whether UE supports dynamic switching of SFN with STRP for PDSCH or not. When PDSCH-SFN is configured and two joint/DL states are indicated, TCI state application rule for several cases as specified in Rel-17 PDSCH-SFN is given as follows:
If enableTwoDefaultTCI-States is configured and time offset between the reception of the DL DCI format 1_1/1_2 with [TCI selection field] and the PDSCH is less than the threshold, both indicated joint/DL TCI states are used as default TCI states to buffer the signal, and UE uses one or both indicated joint/DL TCI state(s) for PDSCH reception based on [TCI selection field] indication.
For PDSCH reception scheduled by DCI format 1_0, 1_1 and 1_2 without [TCI selection field], if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal or larger than the threshold, if UE supports dynamic switching between SFN and STRP for PDSCH, UE applies the first indicated joint/DL TCI state(s) for PDSCH reception; otherwise, UE applies both indicated joint/DL TCI state(s) for PDSCH reception.
For a UE supporting dynamic switching between SFN and STRP for PDSCH, if enableTwoDefaultTCI-States is not configured and time offset between the reception of the DL DCI format 1_0/1_2 with [TCI selection field] and the PDSCH is less than the threshold, the first indicated joint/DL TCI state is used as default TCI states for signal buffering and for PDSCH reception; for a UE does not support dynamic switching between SFN and STRP for PDSCH, the UE does not expect enableTwoDefaultTCI-States is not configured or time offset between the reception of the scheduling DL DCI and the PDSCH is less than the threshold.
When PDSCH-SFN is configured and two joint/DL states are indicated, TCI state application rule for several cases is given as follows:
If enableTwoDefaultTCI-States is configured and time offset between the reception of the DL DCI format 1_0/1_2 with [TCI selection field] and the PDSCH is less than the threshold, both indicated joint/DL TCI states are used as default TCI states to buffer the signal, and UE uses one or both indicated joint/DL TCI state(s) for PDSCH reception as indicated in [TCI selection field].
For PDSCH reception scheduled by DCI format 1_0, 1_1 and 1_2 without [TCI selection field], if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or larger than the threshold, if UE supports dynamic switching between SFN and STRP for PDSCH, UE applies the first indicated joint/DL TCI state(s) for PDSCH reception; otherwise, UE applies both indicated joint/DL TCI state(s) for PDSCH reception.
For a UE supports dynamic switching between SFN and STRP for PDSCH, if enableTwoDefaultTCI-States is not configured and time offset between the reception of the DL DCI format 1_0/1_2 with [TCI selection field] and the PDSCH is less than the threshold, the first indicated joint/DL TCI state is used as default TCI states for signal buffering and for PDSCH reception; for a UE does not support dynamic switching between SFN and STRP for PDSCH, the UE does not expect enableTwoDefaultTCI-States is not configured or time offset between the reception of the scheduling DL DCI and the PDSCH is less than the threshold.
Regarding the RRC configured [TCI selection field], as many RRC parameters are separately configured for DCI format 1_1 and 1_2, e.g., tci-PresentInDCI and tci-PresentDCI-1-2, etc., it is preferred to have the consistency with other parameters to separately configure the presence of the [TCI selection field].
On unified TCI framework extension for S-DCI based MTRP, the presence of the [TCI selection field] is configured individually for DCI format 1_1 and DCI format 1_2 in the same DL BWP.
PUSCH
When two SRS resource sets are configured, it has been agreed that the SRS resource indicator field is used as the indicator field in the DCI format 0_1/0_2 to inform which joint/UL TCI state(s) indicated by MAC-CE/DCI the UE shall apply to PUSCH TDM repetition, SDM and SFN-based PUSCH Tx schemes scheduled/activated by the DCI format 0_1/0_2. And four codepoints are used for PUSCH TDM repetition. For SDM and SFN-based PUSCH Tx schemes, since two joint/UL TCI states are simultaneously used and there is a fixed association among one joint/UL TCI state, one SRS resource set and one Tx panel, it doesn’t make sense to switch the association between joint/UL TCI states or SRS resource set and Tx panels, then codepoint “11” can be reserved or have same meaning as codepoint “10”. In other words, the UE shall apply the first indicated joint/UL TCI state to the PUSCH transmission layer(s) associated with the first SRS resource set for CB/NCB, and the second indicated joint/UL TCI state to the PUSCH transmission layer(s) associated with the second SRS resource set for CB/NCB.
On unified TCI framework extension for S-DCI based MTRP, for SDM/SFN scheme of STxMP where two SRS resource sets are configured, when two joint/UL TCI states are indicated by TCI field in DCI format 1_1/1_2,
If the DCI format 0_1/0_2 indicates codepoint "10" for the existing SRS resource set indicator, the UE shall apply the first indicated joint/UL TCI state to the PUSCH transmission layer(s) associated with the first SRS resource set for CB/NCB, and the second indicated joint/UL TCI state to the PUSCH transmission layer(s) associated with the second SRS resource set for CB/NCB.
Codepoint “11” is reserved.
AP CSI-RS
For AP CSI-RS configured to follow the unified TCI state, i.e., QCL-Info is absent in CSI-AssociatedReportConfigInfo of CSI-AperiodicTriggerState for an aperiodic CSI-RS resource set, an RRC configuration can be provided in CSI-AssociatedReportConfigInfo of CSI-AperiodicTrigger State for each CSI-RS resource set or for each CSI-RS resource in each aperiodic CSI-RS resource set to inform that the UE shall apply the first or the second indicated joint/DL TCI state to the CSI-RS resource. Per CSI-RS resource configuration can also work for AP CSI-RS for NCJT CSI reporting where one CSI-RS resource set contains two CMR groups. Besides, an RRC configuration can be also provided per CMR group. Therefore, we have following proposal:
[bookmark: _Hlk131760569][bookmark: _Hlk131701065]On unified TCI framework extension for S-DCI based MTRP, if QCL-Info is absent in CSI-AssociatedReportConfigInfo of CSI-AperiodicTriggerState for an aperiodic CSI-RS resource set configured with two resource groups for CSI, an RRC configuration can be provided in CSI-AssociatedReportConfigInfo of CSI-AperiodicTrigger State for each CSI-RS resource group in each aperiodic CSI-RS resource set to inform that the UE shall apply the first or the second indicated joint/DL TCI state to the CSI-RS resources in the resource group.
SRS
For P/SP/AP SRS configured to follow the unified TCI state, use RRC configuration to inform that the UE shall apply the first or second indicated joint/UL TCI state to an SRS resource set. In addition, one SRS resource set can be shared between two TRPs to save the configuration of SRS resource sets for each individual TRP. If the RRC parameter is not configured, the AP SRS can apply the indicated joint/UL TCI state corresponding to the indicated joint/DL TCI state applied to the CORESET carrying the triggering DCI.
[bookmark: _Hlk131760198]For P/SP/AP SRS configured to follow the unified TCI state
An RRC parameter can be used to inform that the UE shall apply the first or second indicated joint/UL TCI states to an SRS resource set.
If the RRC parameter is not configured, the AP SRS shall apply the indicated joint/UL TCI state corresponding to the indicated joint/DL TCI state applied to the CORESET carrying the triggering DCI.
Signaling mechanism for M-DCI based MTRP
[bookmark: _Ref131706026]TCI state application
Up to RAN1#112bis-e, agreements on the application of indicated TCI states for different channels are listed as follows.
	Agreement (PDCCH and PDSCH)
On unified TCI framework extension for M-DCI based MTRP:
· The UE shall apply the indicated joint/DL TCI state specific to a coresetPoolIndex value to PDCCH on a CORESET that is associated with the same coresetPoolIndex value
· The UE shall apply the indicated joint/DL TCI state specific to a coresetPoolIndex value to PDSCH scheduled/activated by PDCCH on a CORESET that is associated with the same coresetPoolIndex value
· FFS: Other channel(s)/signal(s) that has explicit or implicit association with a coresetPoolIndex value
· FFS: Other channel(s)/signal(s) that doesn’t have association with a coresetPoolIndex value
Above are applicable to the CORESET(s) that is configured/allowed to follow the indicated joint/DL TCI state
FFS: The configuration/rule to configure/allow CORESET(s) to follow the indicated joint/DL TCI state, including the option to reuse the same configuration/rule as in Rel-17 unified TCI framework

Agreement (PDCCH and PDSCH)
On unified TCI framework extension for M-DCI based MTRP, the same configuration/rule used in Rel-17 unified TCI framework (for determining whether the UE shall apply the indicated joint/DL TCI state to PDCCH on a CORESET and respective PDSCH) is reused to determine whether the UE shall apply the indicated joint/DL TCI state specific to a coresetPoolIndex value to PDCCH on a CORESET associated with the same coresetPoolIndex value and PDSCH scheduled/activated by the PDCCH

Agreement (PUSCH)
On unified TCI framework extension for M-DCI based MTRP, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to PUSCH transmission scheduled/activated by PDCCH (including DG-PUSCH and Type2 CG-PUSCH) on a CORESET that is associated with the same coresetPoolIndex value

Agreement (Type-1 CG)
On unified TCI framework extension for M-DCI based MTRP, an RRC configuration is provided to a Type1 CG configuration to inform that the UE shall apply the first or the second indicated joint/UL TCI state to the corresponding CG-PUSCH 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.

Agreement (STxMP PUSCH+PUSCH)
· For multi-DCI based STxMP, to schedule a PUSCH for STxMP PUSCH+PUSCH transmission, 
· Alt1: The first SRS resource set is associated with coresetPoolIndex value 0 and the other SRS resource set is associated with coresetPoolIndex value 1
· The PUSCH is associated with SRS resource set with the same value of coresetPoolIndex 
· FFS: Which is the first SRS resource set, e.g., the set with lower set ID.
· Regarding how to interpret the SRI/TPMI field in DCI:
· For DG-PUSCH, the indicated SRI/TPMI field corresponds to the SRS resource set associated with same coresetPoolIndex value of the CORESET where scheduling DCI format 0_1 or 0_2 is received
· For Type 2 CG-PUSCH, the indicated SRI/TPMI field corresponds to the SRS resource set associated with same coresetPoolIndex value of the CORESET where activation DCI is received. 
· For Type 1 CG-PUSCH, one SRS_resource_set_index value is configured in RRC in ConfiguredGrantConfig and the srs-ResourceIndicator/precodingAndNumberOfLayers correspond to the SRS resource set

Agreement (PUCCH)
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 (PUCCH)
On unified TCI framework extension for M-DCI based MTRP, support at least Opt2 for PUCCH transmission, and Opt1 is not supported
· Note: Opt3 and Opt4 are not precluded



In this subclause, we provide our views on other channels and signal(s) that has explicit or implicit association with a coresetPoolIndex value.
PUCCH
As an RRC configuration approach, Opt2 has been agreed to determine the applied joint/UL TCI state for PUCCH resource without clear association with TRP. Opt3 and Opt4 can be deemed as implicit approaches for two specific cases, PUCCH for HARQ-ACK and PUCCH for BFR.
In Opt3, the PUCCH resource for HARQ-ACK has a clear relationship with a coresetPoolIndex just as DCI-scheduled/activated PUSCH. In Opt3, the PUCCH resource for HARQ-ACK scheduled by a PDCCH with the CORESET associated with a coresetPoolIndex value can apply the indicated joint/UL TCI state corresponding to the same coresetPoolIndex value. It works for HARQ-ACK feedback where the PUCCH resource is determined based on the last DCI of the scheduling TRP. Thus, at least for PUCCH resources for HARQ-ACK feedback, configuring an association between the PUCCH resource and a coresetPoolIndex value is unnecessary. By sharing the PUCCH resources/groups between two TRPs, the benefit of Opt3 is reduced workload of PUCCH configuration and saved PUCCH resources because a PUCCH resource/group can dynamically apply different joint/UL TCI states corresponding to different TRPs based on the scheduling DCI.
Opt4 focuses on the extension of unified TCI state(s) applicable to PUCCH-SR for BFR. As described in subclause 2.5, one or two PUCCH-SR can be configured for UL grant for BFR MAC CE. For the case of one PUCCH-SR configuration, when beam failure event is declared for a TRP, applying the joint/UL TCI state of the non-failed TRP to PUCCH-SR can avoid uplink blockage to the failed TRP. If the UE is provided both the first and second configurations, the UE uses the first configuration to transmit a PUCCH with LRR associated with BFD-RS set  and the second configuration to transmit a PUCCH with LRR associated with BFD-RS set . When beam failure event is declared for a TRP, applying the joint TCI state of the non-failed TRP to the PUCCH-SR transmission associated with the BFD-RS set of the failed TRP is also necessary to avoid uplink blockage for joint TCI state mode. Same rule can also be applied to separate TCI state mode.
CSI-RS
To save the AP CSI-RS configuration overhead, sharing an AP CSI-RS resource set configured to follow the unified TCI state between two TRPs can be allowed, i.e., either TRP can trigger the same AP CSI-RS resource set but with TRP-specific joint/DL TCI state. Therefore, the indicated joint/DL TCI state corresponding to the coresetPoolIndex value associated with the triggering DCI can be applied.
SRS
For P/SP/AP SRS configured to follow the unified TCI state, the indicated joint/UL TCI state corresponding to a coresetPoolIndex can be applied, where the association between a coresetPoolIndex and an SRS resource set can be configured by RRC for P/SP SRS and can be identified by the triggering DCI for AP SRS. To enable an AP SRS resource set to be shared between two TRPs, i.e., either TRP can trigger the same AP SRS but with TRP-specific joint/UL TCI state, the AP SRS can apply the indicated joint/UL TCI state corresponding to the coresetPoolIndex value associated with the triggering DCI if the coresetPoolIndex value associated with the SRS resource set is not configured.
In summary, we have following proposals on other channels/signals.
For unified TCI state extension to M-DCI based MTRP, the TCI state application rule is defined per channel/signal,
For PUCCH, both Opt3 and Opt4 are supported.
For AP CSI-RS configured to follow the unified TCI state, apply the indicated joint/DL TCI state corresponding to the coresetPoolIndex value associated with the triggering DCI.
[bookmark: _Hlk131759806]For SRS following the unified TCI state, a coresetPoolIndex value can be configured to associate with an SRS resource set
For P/SP/AP SRS following the unified TCI state, apply the indicated joint/UL TCI state corresponding to the coresetPoolIndex value associated with SRS resource set.
[bookmark: _Ref118722173][bookmark: _Ref131784248]If the coresetPoolIndex value associated with the AP SRS resource set is not configured, the AP SRS following the unified TCI state will apply the indicated joint/UL TCI state corresponding to the coresetPoolIndex value associated with the triggering DCI. Power control in unified TCI framework extension for MTRP

Power control
In Rel-17 unified TCI framework, UL power control mechanism is re-designed and depends on the indicated joint or UL TCI state. The PLRS is included in a joint/UL TCI state, while the spatial relation RS can be used as PLRS for a UE supporting beam alignment only. For each of PUSCH, PUCCH and SRS, one PC setting (including P0, alpha, closed loop index) can be optionally associated with each of the joint/UL TCI state per BWP. When the PC setting is not configured for the indicated TCI state, a default setting independent of TCI state, for each of PUSCH, PUCCH and SRS, can be applied respectively.
In Rel-18 MTRP, the following agreement on UL PC extension was achieved up to now.
	Agreement
On unified TCI framework extension, if an indicated joint or UL TCI state applies to a PUSCH /PUCCH transmission occasion at least for S-DCI based PUSCH/PUCCH repetition with TDM and the indicated joint or UL TCI state is associated with an UL PC parameter setting for PUSCH /PUCCH (including P0, alpha for PUSCH , and closed loop index) and a PL-RS, the UE should apply the UL PC parameter setting and the PL-RS for the PUSCH /PUCCH transmission occasion.
· FFS: How to extend to other Rel-18 MTRP scheme(s) with STxMP, if supported 
· FFS: UL PC enhancement for CB and non-CB SRS in above case
FFS: The applied UL PC parameter setting if one or both indicated joint or UL TCI state(s) is not associated with an UL PC parameter setting (including P0, alpha for PUSCH, and closed loop index) for PUCCH/PUSCH

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



If the PC parameter settings are not configured for the indicated TCI states, default PC settings should be defined for each channel/RS. For MTRP, it is required that multiple default PC settings for each channel/RS are configured by RRC in BWP, where each default PC setting is for a TRP.
For power control in unified TCI framework extension for MTRP
If the PC parameter settings (including PLRS, P0, alpha, closed loop index) are not associated with the indicated TCI states, use the default PC settings configured by RRC signaling for each channel/RS for each TRP.
In general, UL PC parameter settings required by eMBB and URLLC are different, a TCI state ID is associated with two settings from different lists for eMBB and URLLC, where the additional setting includes only P0 while other parameters are configured in one setting. Based on the value of TCI state ID and the open-loop power control parameter set indication field in DCI, PC parameter settings associated with the TCI state ID can be determined and applied for PUSCH of a specific service. If the PC parameter settings are not associated with the indicated TCI states, P0 or additional P0 in default settings can be determined based on the value of SRI field and OLPC field.
UL PC parameter settings from different setting lists including additional P0 list are associated with an UL or joint TCI state for different services.
TCI state ID and OLPC are used to determine PC parameters.
If the PC parameter settings are not associated with the indicated TCI states, P0 or additional P0 can be determined based on the value of SRI field and OLPC field.
CA case with common TCI state update for Rel-16/17 MTRP
In Rel-17 unified TCI framework, common TCI state activation and update is supported to provide common QCL information and/or common UL Tx spatial filter across a set of configured CCs. The unified TCI state pool can be configured for each BWP/CC or in reference BWP/CC, where the BWPs/CCs without RRC-configured TCI state pool will apply the TCI state pool in a reference BWP of a reference CC. The source RS provides QCL-TypeD information and UL Tx spatial filter can be one source RS across CCs or per CC, where the CC-specific source RSs are further associated with a same QCL-TypeD RS. For the beam application time in CA case, the first slot and BeamAppTime_r17 symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication.
Following agreement about the operation modes of multiple CCs was reached in RAN1#112bis-e.
	Agreement
On unified TCI framework extension, support the following 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
· A set of CCs configured for common TCI state ID activation/update can include CC(s) operating in M-DCI based MTRP
· [bookmark: _Hlk134722375]FFS: A set of CCs configured for common TCI state ID activation/update can include CC(s) operating in STRP and CC(s) operating in S-DCI based MTRP
· FFS: How to support common TCI state ID activation/update for this case
· FFS: A set of CCs configured for common TCI state ID activation/update can include CC(s) operating in STRP and CC(s) operating in M-DCI based MTRP
· FFS: How to support common TCI state ID activation/update for this case
· FFS: 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
· FFS: How to support common TCI state ID activation/update for this case
· FFS: A set of CCs configured for common TCI state ID activation/update can include CC(s) operating in STRP, CC(s) operating in S-DCI based MTRP, and CC(s) operating in M-DCI based MTRP
· FFS: How to support common TCI state ID activation/update for this case



Common TCI state update for M-DCI based MTRP
A set of CCs configured for common TCI state ID activation/update can include CC(s) operating in M-DCI based MTRP, where common TCI state update for a TRP across multiple CCs can be supported. Moreover, because TRPs can be distinguished based on coresetPoolIndex values, a set of CCs including CC(s) operating in STRP and CC(s) operating in M-DCI based MTRP can also be supported for common TCI state ID activation/update. For example, the CC list includes CC(s) associated with coresetPoolIndex 0, and/or CC(s) associated with coresetPoolIndex 1, and CC(s) associated with both coresetPoolIndex 0 and coresetPoolIndex 1.
If the TCI state pool is absent in a BWP of the CC, the UE can apply the TCI state pool from the reference BWP of a reference CC with same coresetPoolIndex value.
Based on the RRC-configured TCI state pool across all TRPs or per TRP, common TCI state update can be applied for the BWPs/CCs with same coresetPoolIndex value in a CC list. For example, in a CC list, CC1 and CC2 include coresetPoolIndex 0 and coresetPoolIndex 1, while CC3 only include coresetPoolIndex 1. When a common TCI state ID is indicated by a PDCCH associated with coresetPoolIndex 0, the common TCI state ID is applied for TCI state update for CC1 and CC2 but not for CC3.
Beam application time for the case of a CC list consisting both CC(s) operating in STRP and CC(s) operating in M-DCI based MTRP needs to be updated. There can be The first slot and BeamAppTime_r17 symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication, where the carriers are configured with same coresetPoolIndex value, or all carriers in a CC list.
On unified TCI framework extension, a set of CCs configured for common TCI state ID activation/update can include CC(s) operating in STRP and CC(s) operating in M-DCI based MTRP.
For CA case in M-DCI based MTRP scenario, common TCI state update is applied for the BWPs/CCs with same coresetPoolIndex in a CC list.
For beam application time in CA case for MTRP, the first slot and BeamAppTime_r17 symbols are both determined on the carrier with the smallest SCS among the carriers applying the beam indication, where the carriers are configured with same coresetPoolIndex value, or all carriers in a CC list.

Common TCI state update for S-DCI based MTRP
As STRP operation and S-DCI based MTRP operation is determined by unified TCI state activation MAC CE, it is not possible to use a unique unified TCI state activation MAC CE to activate common TCI states for CC(s) operating in STRP and CC(s) operating in S-DCI based MTRP simultaneously. Therefore, a mixture of CC(s) operating in STRP and CC(s) operating in S-DCI based MTRP in a CC list for common TCI state ID activation/update can be hardly supported.
On unified TCI framework extension, don’t support the mixture of CC(s) operating in STRP and CC(s) operating in S-DCI based MTRP in a CC list for common TCI state ID activation/update.
[bookmark: _Ref131513536]TRP-specific BFR for unified TCI framework
In Rel-17, TRP-specific BFR procedure and BFR for unified TCI framework are both introduced. When unified TCI is configured for MTRP, the Rel-17 TRP-specific BFR procedure can be directly extended for Rel-18. In RAN1#112bis-e, following agreement about TCI state application after BFR response for M-DCI based MTRP was achieved.
	Agreement
On unified TCI framework extension for M-DCI based MTRP, after NW response to TRP-specific BFR request to a BFD-RS set associated with a coresetPoolIndex value, QCL assumption/spatial Tx filter/PL-RS for channel(s)/signal(s) that applies the indicated joint/DL /UL TCI state specific to the coresetPoolIndex value are updated according to the new beam (q new ) corresponding to the BFD-RS set.



For beam failure detection, two BFD-RS sets are configured explicitly by RRC for both S-DCI based MTRP and M-DCI based MTRP. The TCI state of BFD-RS or BFD-RS resource configured by RRC can be updated with the indicated TCI state associated with this BFD-RS. For implicit BFD-RS determination, the source RSs in the multiple indicated TCI states can be used as the BFD-RSs for MTRP, respectively. For new beam identification, corresponding two NBI-RS sets can be configured similar to Rel-17, where first BFD-RS set is associated with first NBI-RS set, and the second BFD-RS set is associated with second NBI-RS set.
On TRP-specific BFR for unified TCI framework extension, support implicit BFD-RS determination, where the source RSs in the two indicated joint/DL TCI states for both S-DCI based MTRP and M-DCI based MTRP are used as BFD-RSs in two BFD-RS sets, respectively.
NBI-RS configuration mechanism in Rel-17 TRP-specific BFR mechanism can be reused.
When beam failure event is declared for a TRP, if the next available UL grant for BFR MAC CE is towards the failed TRP, BFR MAC CE may not reach the gNB successfully due to the unavailable uplink of the failed TRP. At this time, the available UL grant towards a non-failed TRP is preferentially used to ensure the successful BFRQ transmission at least for joint TCI mode. For separate TCI state mode, the available UL grant from any TRP with good uplink can be used to transmit BFR MAC CE. If PUCCH-SR is to be transmitted to require UL grant for BFR MAC CE, the PUCCH-SR resource is transmitted with a proper joint/UL TCI state as discussed in subclause 2.1.2 for M-DCI based MTRP or the configured joint/UL TCI state for S-DCI based MTRP. Thus, the PUCCH-SR resource can assist the gNB in obtaining the failed TRP based on the correspondence between the PUCCH-SR resource and BFD-RS set.
For a failed TRP configured with joint TCI state mode, 
The available UL grant of a non-failed TRP can be used preferentially for BFR MAC CE.
For a failed TRP configured with separate TCI state mode, 
The available UL grant from any TRP with good uplink is used to transmit BFR MAC CE.
In Rel-18, the BFRR of TRP-specific BFR in Rel-17 can be reused, i.e. a first PDCCH reception with a DCI format scheduling a PUSCH transmission with a same HARQ process number as for transmission of the PUSCH carrying BFR MAC CE and having a toggled NDI field value. After X symbols from the BFRR, the TCI state of the PDCCH in all CORESET, PDSCH, aperiodic CSI-RS, PUCCH, PUSCH and SRS should be reset, where the X symbols is determined based on the smallest of the SCS configuration of the active DL BWP for the PDCCH reception and of the active DL BWP(s) of the serving cell which contains the failed TRP indicated by BFR MAC CE.
BFRR mechanism in Rel-17 TRP-specific BFR mechanism can be reused.
Simultaneous multi-panel UL transmission
Much progress has been made in the AI 9.1.4.1, UL precoding indication for multi-panel transmission. In this section, power limitation of two panels simultaneous transmission. Regarding per-panel power limit, RAN4 has following LS reply.
	LS reply in # 106-Bis-e
RAN4 would like to confirm to RAN1 the conditions to be simultaneously met by a UE for STxMP:
1. The total EIRP over all panels cannot exceed the existing EIRP limitation. 
2. The total TRP over all panels cannot exceed the existing TRP limitation.
3. The sum of per-panel EIRP power limitation for STxMP can be greater than the existing EIRP limitation. 
a. See condition #1, which must always be obeyed. 
b. In cases where the beams for each panel have low enough spatial overlap, this clause allows EIRP for each panel to individually approach the existing EIRP limitation.
c. RAN4 has not completed spec. definition work for ‘per panel EIRP power limitation’.
4. No explicit ‘per-panel’ TRP limit is deemed necessary.


[bookmark: _Hlk102160127][bookmark: _Hlk102134734]
Currently power is calculated based on one transmission occasion corresponding to only one PUSCH transmission by using following equation. For transmission occasion i, specific P0/alpha, Pathloss measured by PL-RS, and closed-loop power adjustment are involved to calculate transmission power. According to UE power class, the transmission power is limited by PCMAX, f,c(i)  which is the configured UE maximum output power for carrier f of a serving cell c. 
[image: ] [dBm]
Regarding STxMP on one transmission occasion, panel-specific P0/alpha, pathloss, and closed-loop power adjustment can be acquired. Then panel-specific transmission power can be calculated by using the above formula respectively to achieve panel-specific power control. To enable this, two power limits should be defined. 
RAN4 LS reply [5] confirms that the sum of per-panel EIRP power limitation for STxMP can be greater than the existing EIRP limitation, which means using per-UE Pcmax as the power limitation of sum of transmission power of two panels is unreasonable. What’s more, performance gain for STxMP versus panel selection will be discounted if transmission power of two panels and one panels are on the same level. 
Considering panel-specific power control should be applicable for both STxMP and single panel transmission because dynamic switch between single panel transmission and STxMP has been agreed, current power limitation should be reused as panel-specific power limits. Panel is identified as one beam or a joint/UL TCI state in the specification in order not to disclose implementation. In the same spirit, panel-specific power control can be achieved by defining beam-specific power limits. It is up to RAN4 to guarantee the total EIRP, total TRP not exceeding the EIRP limitation and TRP limitation.
PCMAX, f,c(i) should be used for panel-specific power control respectively.

Conclusions
1. 
1.1. 
In this contribution, we further discuss the issues on unified TCI framework extension for both S-DCI based MTRP and M-DCI based MTRP, and have the following proposals.
1. To determine that a CC is operated in Rel-18 unified TCI framework extension for S-DCI based MTRP, Alt2 is supported
Alt2: A CC is operated in Rel-18 unified TCI framework extension for S-DCI based MTRP if a Rel-18 TCI state activation command (MAC-CE) for S-DCI based MTRP operation (which is different from the TCI state activation command (MAC-CE) for Rel-17 unified TCI framework) is received and applied in the CC
On unified TCI framework extension for S-DCI based MTRP, when the first indicated TCI codepoint after the TCI state activation MAC CE for S-DCI based MTRP is mapped to the subset of joint/DL/UL TCI state(s),
If the TCI state in the codepoint is indicated as the first joint/DL/UL TCI state(s), the previously applied single joint/DL/UL TCI state(s) is kept as the second joint/DL/UL TCI state(s)
If the TCI state in the codepoint is indicated as the second joint/DL/UL TCI state(s), the previously applied single joint/DL/UL TCI state(s) is kept as the first joint/DL/UL TCI state(s)
Note: above applies only if the previously indicated single joint/DL/UL TCI state(s) is also activated by the TCI state activation MAC CE for S-DCI based MTRP
On unified TCI framework extension for S-DCI based MTRP, the max number of bits for TCI field is 3.
On unified TCI framework extension for S-DCI based MTRP, codepoint “10” and “11” of the [TCI selection field] are used to select both indicated joint/DL TCI states for the PDSCH reception scheduled/activated by the DCI format 1_1/1_2
If codepoint “10” is indicated, the 1st and 2nd indicated joint/DL TCI states are mapped to the first and second spatial/frequency/time resources for SDM, FDM, TDM and SFN schemes.
If codepoint “11” is indicated, the 1st and 2nd indicated joint/DL TCI states are mapped to the second and first spatial/frequency/time resources for SDM, FDM, TDM and SFN schemes.
On unified TCI framework extension for S-DCI based MTRP when two joint/DL TCI states are indicated, apply the first indicated joint/DL TCI state for non-SFN PDSCH reception when it is scheduled/activated 1) by DCI format 1_1/1_2 with offset between the reception of the DCI and the PDSCH reception less than a threshold in FR2 if the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, 2) by DCI format 1_1/1_2 without [TCI selection field], or 3) by DCI format 1_0.
When PDSCH-SFN is configured and two joint/DL states are indicated, TCI state application rule for several cases is given as follows:
If enableTwoDefaultTCI-States is configured and time offset between the reception of the DL DCI format 1_0/1_2 with [TCI selection field] and the PDSCH is less than the threshold, both indicated joint/DL TCI states are used as default TCI states to buffer the signal, and UE uses one or both indicated joint/DL TCI state(s) for PDSCH reception as indicated in [TCI selection field].
For PDSCH reception scheduled by DCI format 1_0, 1_1 and 1_2 without [TCI selection field], if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or larger than the threshold, if UE supports dynamic switching between SFN and STRP for PDSCH, UE applies the first indicated joint/DL TCI state(s) for PDSCH reception; otherwise, UE applies both indicated joint/DL TCI state(s) for PDSCH reception.
For a UE supports dynamic switching between SFN and STRP for PDSCH, if enableTwoDefaultTCI-States is not configured and time offset between the reception of the DL DCI format 1_0/1_2 with [TCI selection field] and the PDSCH is less than the threshold, the first indicated joint/DL TCI state is used as default TCI states for signal buffering and for PDSCH reception; for a UE does not support dynamic switching between SFN and STRP for PDSCH, the UE does not expect enableTwoDefaultTCI-States is not configured or time offset between the reception of the scheduling DL DCI and the PDSCH is less than the threshold.
On unified TCI framework extension for S-DCI based MTRP, the presence of the [TCI selection field] is configured individually for DCI format 1_1 and DCI format 1_2 in the same DL BWP.
On unified TCI framework extension for S-DCI based MTRP, for SDM/SFN scheme of STxMP where two SRS resource sets are configured, when two joint/UL TCI states are indicated by TCI field in DCI format 1_1/1_2,
If the DCI format 0_1/0_2 indicates codepoint "10" for the existing SRS resource set indicator, the UE shall apply the first indicated joint/UL TCI state to the PUSCH transmission layer(s) associated with the first SRS resource set for CB/NCB, and the second indicated joint/UL TCI state to the PUSCH transmission layer(s) associated with the second SRS resource set for CB/NCB.
Codepoint “11” is reserved.
On unified TCI framework extension for S-DCI based MTRP, if QCL-Info is absent in CSI-AssociatedReportConfigInfo of CSI-AperiodicTriggerState for an aperiodic CSI-RS resource set configured with two resource groups for CSI, an RRC configuration can be provided in CSI-AssociatedReportConfigInfo of CSI-AperiodicTrigger State for each CSI-RS resource group in each aperiodic CSI-RS resource set to inform that the UE shall apply the first or the second indicated joint/DL TCI state to the CSI-RS resources in the resource group.
For P/SP/AP SRS configured to follow the unified TCI state
An RRC parameter can be used to inform that the UE shall apply the first or second indicated joint/UL TCI states to an SRS resource set.
If the RRC parameter is not configured, the AP SRS shall apply the indicated joint/UL TCI state corresponding to the indicated joint/DL TCI state applied to the CORESET carrying the triggering DCI.
For unified TCI state extension to M-DCI based MTRP, the TCI state application rule is defined per channel/signal,
For PUCCH, both Opt3 and Opt4 are supported.
For AP CSI-RS configured to follow the unified TCI state, apply the indicated joint/DL TCI state corresponding to the coresetPoolIndex value associated with the triggering DCI.
For SRS following the unified TCI state, a coresetPoolIndex value can be configured to associate with an SRS resource set
For P/SP/AP SRS following the unified TCI state, apply the indicated joint/UL TCI state corresponding to the coresetPoolIndex value associated with SRS resource set.
If the coresetPoolIndex value associated with the AP SRS resource set is not configured, the AP SRS following the unified TCI state will apply the indicated joint/UL TCI state corresponding to the coresetPoolIndex value associated with the triggering DCI. Power control in unified TCI framework extension for MTRP
For power control in unified TCI framework extension for MTRP
If the PC parameter settings (including PLRS, P0, alpha, closed loop index) are not associated with the indicated TCI states, use the default PC settings configured by RRC signaling for each channel/RS for each TRP.
UL PC parameter settings from different setting lists including additional P0 list are associated with an UL or joint TCI state for different services.
TCI state ID and OLPC are used to determine PC parameters.
If the PC parameter settings are not associated with the indicated TCI states, P0 or additional P0 can be determined based on the value of SRI field and OLPC field.
On unified TCI framework extension, a set of CCs configured for common TCI state ID activation/update can include CC(s) operating in STRP and CC(s) operating in M-DCI based MTRP.
For CA case in M-DCI based MTRP scenario, common TCI state update is applied for the BWPs/CCs with same coresetPoolIndex in a CC list.
For beam application time in CA case for MTRP, the first slot and BeamAppTime_r17 symbols are both determined on the carrier with the smallest SCS among the carriers applying the beam indication, where the carriers are configured with same coresetPoolIndex value, or all carriers in a CC list.
On unified TCI framework extension, don’t support the mixture of CC(s) operating in STRP and CC(s) operating in S-DCI based MTRP in a CC list for common TCI state ID activation/update.
On TRP-specific BFR for unified TCI framework extension, support implicit BFD-RS determination, where the source RSs in the two indicated joint/DL TCI states for both S-DCI based MTRP and M-DCI based MTRP are used as BFD-RSs in two BFD-RS sets, respectively.
NBI-RS configuration mechanism in Rel-17 TRP-specific BFR mechanism can be reused.
For a failed TRP configured with joint TCI state mode, 
The available UL grant of a non-failed TRP can be used preferentially for BFR MAC CE.
For a failed TRP configured with separate TCI state mode, 
The available UL grant from any TRP with good uplink is used to transmit BFR MAC CE.
[bookmark: _GoBack]BFRR mechanism in Rel-17 TRP-specific BFR mechanism can be reused.
PCMAX, f,c(i) should be used for panel-specific power control respectively.
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