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Introduction
In RAN1#112b-e[1], following agreements on unified TCI framework extension for multi-TRP have been made. 

	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, 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

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

On unified TCI framework extension for S-DCI based MTRP, PDSCH-CJT Tx scheme is RRC-configured, and dynamic switching between PDSCH-CJT and other S-DCI based PDSCH Tx schemes is not supported.

Agreement

If the UE is configured with SSB-MTC-AdditionalPCI and receives TCI state activation command (MAC-CE) that activates a set of joint/DL /UL TCI state(s) specific to each coresetPoolIndex value for M-DCI based MTRP in unified TCI framework extension, the activated joint/DL /UL TCI state(s) specific to one coresetPoolIndex value can be is associated with the serving cell PCI and the activated joint/DL /UL TCI state(s) specific to another coresetPoolIndex value can be associated with a PCI other than the serving cell PCI . 
Note: How to implement above in specification is up to spec editor.

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. 
Agreement

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

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

Agreement

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

Agreement

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

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

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
Agreement
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 

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


In this contribution, we further discuss enhancements on unified TCI framework for multi-TRP based on those agreements.

Discussion
Extension of Unified TCI Framework
In RAN1 #112b-e meeting, the following proposals were discussed on joint/DL TCI states applying to the PDSCH reception scheduled by DCI format 1_1/1_2 configured without the TCI selection field.

Proposal 3.2 (RRC): On unified TCI framework extension for S-DCI based MTRP, for PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured w/o the [TCI selection field], using RRC configuration to inform that the UE shall apply the first, the second, or both indicated joint/DL TCI states to the scheduled/activated PDSCH reception

If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2, above applies regardless of the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception
If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above applies when the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is equal to or larger than a threshold
Proposal 3.2.A (Both): On unified TCI framework extension for S-DCI based MTRP, for PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured w/o the [TCI selection field], the UE shall apply both indicated joint/DL TCI states to the scheduled/activated PDSCH reception

If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2, above applies regardless of the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception
If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above applies when the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is equal to or larger than a threshold
For PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured w/o the TCI selection field, five alternatives were achieved in the last meeting. Regarding proposal 3.2, by using RRC indicator to inform the first one/the second one/both of two indicated joint/DL TCI states, the RRC indicator plays the similar role as the TCI selection field in DCI, except for the flexibility of signaling. Moreover, proposal 3.2 has flexibility to inform the indicated joint/DL TCI state(s) for single TRP and multiple TRP operations. For example, if the RRC indicator informs the first one or the second one of the two indicated joint/DL TCI states, proposal 3.2 applies to the single TRP operation; if the RRC indicator informs both of two indicated joint/DL TCI states, proposal 3.2 applies to the multiple TRP operation. However, proposal 3.2.A is dedicated solutions for the special operation. In detail, regarding proposal 3.2.A, both of two joint/DL TCI states are indicated to apply for PDSCH reception, therefore, proposal 3.2.A is more suitable to multiple TRP operation. Therefore, for PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured w/o the TCI selection field, we support proposal 3.2.
Proposal 1: For PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured w/o the TCI selection field, we support proposal 3.2:
i.e. 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 
In RAN1 #112b-e meeting, the following conclusion was made on dynamic switching between single-TRP operation and multi-TRP operation for S-DCI based operation.
Conclusion

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
In Rel-16, dynamic switching between single-TRP and multi-TRP for PDSCH is achieved by indicating one TCI codepoint comprising one or two TCI states. In Rel-17, dynamic switching between single-TRP and multi-TRP for PUSCH is achieved by the indication of SRS Resource Set indicator field in DCI. For unified TCI of multi-TRP, since different channels/singnals can share the same TCI state, if TCI codepoint comprising two TCI states (e.g. separate DL TCI-State or joint TCI-State) is indicated, UE can not determined whether the multi-TRP DL operation is PDSCH or PDCCH. 
For multi-TRP PDCCH, there are multi-TRP PDCCH repetition and HST-SFN scheme based PDCCH. For dynamic switching between single-TRP and multi-TRP PDCCH, dynamic switching between single-TRP PDCCH and multi-TRP PDCCH repetition should be considered. However, since multi-TRP PDCCH repetition is supported by linking two SS sets by RRC configuration (e.g. SearchSpaceLinkingId), UE can not dynamically switch between single-TRP PDCCH and multi-TRP PDCCH repetition with the number of TCI state and SearchSpaceLinkingId. If an indicator is included in DCI or MAC CE to indicate the PDCCH scheme (e.g. single-TRP PDCCH or multi-TRP PDCCH repetition), dynamic switching between single-TRP PDCCH and multi-TRP PDCCH repetition can be achieved.
Proposal 2: An indicator can be included in DCI or MAC CE to indicate dynamic switching between single-TRP PDCCH and multi-TRP PDCCH repetition.
In RAN1 #112 meeting, an agreement on the association between indicated joint/UL TCI states and PUSCH transmission for TDM based PUSCH Tx scheme was achieved. However, for SDM and SFN based PUSCH Tx scheme, the association between indicated joint/UL TCI states and PUSCH transmissions is still FFS.
For SDM based PUSCH Tx scheme, two sets of layers/DMRS ports of one PUSCH are separately precoded and transmitted toward different TRPs, where each set of layers/DMRS ports is associated to one of the two TMPI or SRI fields in the DCI format 0_1/0_2. When two SRS resource sets for CB/NCB are configured, regarding the association between indicated joint/UL TCI states and SDM based PUSCH transmission scheduled/activated by a DCI format 0_1/0_2, if the DCI format 0_1/0_2 indicates codepoint "10" or “11” for the existing SRS resource set indicator, the UE shall apply the first indicated joint/UL TCI state to the PUSCH layer(s) associated with the first TMPI or SRI field, and the second indicated joint/UL TCI state to the PUSCH layer(s) associated with the second TMPI or SRI field.
Proposal 3: Regarding the SDM based PUSCH transmission scheduled/activated by a DCI format 0_1/0_2, if the DCI format 0_1/0_2 indicates codepoint "10" or “11” for the existing SRS resource set indicator, the UE shall apply the first indicated joint/UL TCI state to the PUSCH layer(s) associated with the first TMPI or SRI field, and the second indicated joint/UL TCI state to the PUSCH layer(s) associated with the second TMPI or SRI field.
For SFN based PUSCH Tx scheme, all of the same layers/DMRS ports of one PUSCH are transmitted toward different TRPs. When two SRS resource sets for CB/NCB are configured, regarding the association between indicated joint/UL TCI states and SFN based PUSCH transmission scheduled/activated by a DCI format 0_1/0_2, if the DCI format 0_1/0_2 indicates codepoint "10" or "11" for the existing SRS resource set indicator, the UE shall apply the first and second indicated joint/UL TCI states to the DMRS ports of PUSCH.

Proposal 4: Regarding the SFN based PUSCH transmission scheduled/activated by a DCI format 0_1/0_2, if the DCI format 0_1/0_2 indicates codepoint "10" or “11” for the existing SRS resource set indicator, the UE shall apply the first and second indicated joint/UL TCI states to the DMRS ports of PUSCH.
In RAN1 #112b-e meeting, an agreement on the association between indicated joint/UL TCI states and Type1 CG PUSCH transmission for TDM based PUSCH Tx scheme was achieved. However, for SDM and SFN based PUSCH Tx scheme, the association between indicated joint/UL TCI states and Type1 CG PUSCH transmissions is still FFS.
When two SRS resource sets for CB/NCB are configured, regarding the association between indicated joint/UL TCI states and SDM based Type1 CG PUSCH transmission, the UE shall apply the first indicated joint/UL TCI state to the PUSCH layer(s) associated with the first precodingAndNumberOfLayers or srs-ResourceIndicator, and the second indicated joint/UL TCI state to the PUSCH layer(s) associated with the second precodingAndNumberOfLayers2 or srs-ResourceIndicator2.
Proposal 5: Regarding the SDM based Type1 CG PUSCH transmission, the UE shall apply the first indicated joint/UL TCI state to the PUSCH layer(s) associated with the first precodingAndNumberOfLayers or srs-ResourceIndicator, and the second indicated joint/UL TCI state to the PUSCH layer(s) associated with the second precodingAndNumberOfLayers2 or srs-ResourceIndicator2.
Power control for single-DCI based multi-TRP scheme 
In RAN1 #112 meeting, an agreement on power control for S-DCI based PUSCH/PUCCH/SRS was achieved. However, if one or both of indicated joint/UL TCI states does/do not include the UL PC parameter setting(s) for PUCCH/PUSCH/SRS, the default UL PC parameter setting(s) is still FFS.

In Rel-17, 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, default UL PC parameter settings (including P0, alpha for PUSCH, and closed loop index) can be applied for each channel/RS. Regarding the Alt1, for multi-TRP scenario, multiple default settings for each channel/RS can be configured by RRC in BWP, where each default setting provides UL PC parameter settings targeting a TRP. In this way, it is a straightforward extension of the existing mechanism. For the association between TCI state and a default UL PC parameter setting, a fixed rule can be considered. For example, the first default UL PC parameter setting is associated to the TCI state(s) of first TRP and the second default UL PC parameter setting is associated to the TCI state(s) of second TRP. Regarding the Alt2, if both of TCI states are not associated with UL PC parameter setting and a single default UL PC parameter setting is configured, then the UL PC parameter setting for two TRPs is the same and TRP specific power control is not supported. Therefore, if the UL PC parameter settings for PUCCH/PUSCH are not associated with the indicated TCI states, we support two default UL PC parameter settings configured in BWP-UplinkDedicated.
Proposal 6: If the UL PC parameter settings for PUCCH/PUSCH are not associated with the indicated TCI states, support two default UL PC parameter settings configured in BWP-UplinkDedicated.
When multiple panels are supported for simultaneous UL transmission, the transmission power of each panel might be different, therefore, panel-specific power control should be considered. When the UL PC  parameters for different panels are separately configured, UE determines the individual UL PC parameters accordingly and uses it to separately calculates the transmission power of an UL channel/signal from each panel. Therefore, separate UL PC parameters for different panels should be considered. 

Proposal 7: For simultaneous UL transmission, separate UL PC parameters for different panels should be considered and panel-specific power control can be supported. 
In Rel-16, when URLLC transmissions collide with eMBB traffic from other UE, the power of URLLC transmissions is boosted by modifying P0 to control the open loop power in case of collision. For the unified TCI framework in Rel-17, one UL PC parameter setting (including P0, alpha for PUSCH, and closed loop index) is associated with TCI state in DCI. Due to the potential collision with eMBB traffic, P0 value required by URLLC traffic may be different from P0 value required by eMBB traffic. For multi-TRP based uplink transmission, the eMBB traffic creating interference only at one of the two TRPs is possible, hence, power boosting of the two TRPs shall be controlled separately. As shown in the Figure 3, URLLC traffic from UE1 collides with eMBB traffic from UE2 only at TRP1, hence, power boost is only conducted for UE1 at TRP1. Therefore, open loop power control should be performed per TRP.
[image: image1.png]o7
XX

,onﬁ.ﬂ \/

PUSCH(URLLC)

P
,onﬁ.ﬂ \/





Figure 3: Open loop power control per TRP
Proposal 8: Open loop power control should be performed per TRP.
Simultaneous multi-panel UL transmission
In Rel-17 for MPUE, to facilitate the fast panel selection, the beam report is enhanced to include the index of UE capability value set associated with beam index(es) and performance metric, e.g.CRI or SSBRI, L1-RSRP or L1-SINR, where each index of UE capability value set indicates the maximum supported number of SRS ports. With such beam indication, UL beams and panels can be indicated by gNB for UL transmission. 

Group-based beam report can be enhanced to facilitate multiple beam indication for simultaneous transmission from multiple panels at the UE. In addition, UL panel selection mechanism of Rel-17 MPUE can be enhanced to facilitate multiple beam indication. In the enhanced reporting, the report should carry two UE capability values, which are used to indicate the association between SSB resources/CSI-RS resources and panels. For the UE capability values in the report, the UE capability values for two panels can be associated to same or different maximum number of SRS antenna ports.
Proposal 9: For the group-based beam report, the report should carry two UE capability values.
Conclusion

In this contribution, we discuss potential enhancements on multi-TRP using Rel-17 unified TCI framework. Based on the discussion above, we provide the following proposals:
Proposal 1: For PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured w/o the TCI selection field, we support proposal 3.2:
i.e. 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 
Proposal 2: An indicator can be included in DCI or MAC CE to indicate dynamic switching between single-TRP PDCCH and multi-TRP PDCCH repetition.
Proposal 3: Regarding the SDM based PUSCH transmission scheduled/activated by a DCI format 0_1/0_2, if the DCI format 0_1/0_2 indicates codepoint "10" or “11” for the existing SRS resource set indicator, the UE shall apply the first indicated joint/UL TCI state to the PUSCH layer(s) associated with the first TMPI or SRI field, and the second indicated joint/UL TCI state to the PUSCH layer(s) associated with the second TMPI or SRI field.
Proposal 4: Regarding the SFN based PUSCH transmission scheduled/activated by a DCI format 0_1/0_2, if the DCI format 0_1/0_2 indicates codepoint "10" or “11” for the existing SRS resource set indicator, the UE shall apply the first and second indicated joint/UL TCI states to the DMRS ports of PUSCH.
Proposal 5: Regarding the SDM based Type1 CG PUSCH transmission, the UE shall apply the first indicated joint/UL TCI state to the PUSCH layer(s) associated with the first precodingAndNumberOfLayers or srs-ResourceIndicator, and the second indicated joint/UL TCI state to the PUSCH layer(s) associated with the second precodingAndNumberOfLayers2 or srs-ResourceIndicator2.
Proposal 6: If the UL PC parameter settings for PUCCH/PUSCH are not associated with the indicated TCI states, support two default UL PC parameter settings configured in BWP-UplinkDedicated.
Proposal 7: For simultaneous UL transmission, separate UL PC parameters for different panels should be considered and panel-specific power control can be supported. 
Proposal 8: Open loop power control should be performed per TRP.
Proposal 9: For the group-based beam report, the report should carry two UE capability values.
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