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1. INTRODUCTION

Rel-18 proposes further enhancements to the MIMO feature [1]. The WID scope includes Objectives 2, 6, and 7 on extension of unified TCI framework and related work scopes:
	2. Specify extension of Rel-17 Unified TCI framework for indication of multiple DL and UL TCI states focusing on multi-TRP use case, using Rel-17 unified TCI framework.
6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.
7. Study, and if justified, specify the following
· Two TAs for UL multi-DCI for multi-TRP operation
· Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.



In RAN1#110b-e meeting [2], RAN1 made some agreements and further discussion points were outlined which are listed below:

	[Conclusion] On unified TCI framework extension in Rel-18, there is no consensus to support simultaneous configuration of both joint and separate DL/UL TCI modes in a serving cell

[Conclusion] On unified TCI framework extension in Rel-18, there is no consensus to support separate RRC-configured TCI state list(s) for each of TRPs

On unified TCI framework extension for M-DCI based MTRP:
· The existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment) associated with one coresetPoolIndex value can indicate the joint/DL/UL TCI state(s) specific to the same coresetPoolIndex value
· FFS: The UE shall apply the indicated joint/DL/UL TCI state(s) specific to a coresetPoolIndex value to channel(s)/signal(s) that have explicit or implicit association with the same coresetPoolIndex value
· A coresetPoolIndex value field is included in TCI state activation command (MAC-CE) to indicate that the mapping between the activated TCI state(s) and the TCI codepoint(s) is specific to which coresetPoolIndex value

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)

On unified TCI framework extension for M-DCI based MTRP:
· For a serving cell configured with joint DL/UL TCI mode, one joint TCI state can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment)
· For a serving cell configured with separate DL/UL TCI mode, a DL TCI state, an UL TCI state, or a pair of DL and UL TCI states can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment)

On unified TCI framework extension for S-DCI based MTRP, down-select one alternative from the followings in RAN1#111 for PUSCH transmission scheduled/activated by a DCI format 0_1/0_2:
· Alt1: Use an indicator field (could be reusing an existing DCI field or introducing a new DCI 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 transmission scheduled/activated by the DCI format 0_1/0_2
· Alt2: PUSCH transmission scheduled/activated by the DCI format 0_1/0_2 follows the spatial domain transmission filter(s) used for the SRS resource(s) indicated by the DCI format 0_1/0_2
· FFS : PL-RS(s), and UL PC parameter setting(s) (including P0, alpha, and closed loop index) for the PUSCH

On unified TCI framework extension for S-DCI based MTRP, down-select one alternative from the followings in RAN1#111 for PUCCH transmission:
· Alt1: Use RRC configuration to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/ group
· Alt2: Use RRC configuration to inform the association between a CORESET group and a PUCCH resource/group, and the indicated joint/UL TCI state(s) associated with the CORESET group applies to the PUCCH resource/group associated with the same CORESET group
· Alt3: Use MAC-CE to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/group
· Note: the association indicates whether the UE shall apply the first one, the second one, or both of the joint/UL TCI states indicated by DCI/MAC-CE to a PUCCH resource/group

On unified TCI framework extension, up to 2 joint TCI states can be indicated by MAC-CE/DCI and applied to CJT-based PDSCH reception (PDSCH-CJT) in a BWP/CC configured with joint DL/UL TCI mode
· Support of 1 or 2 indicated joint TCI states for PDSCH-CJT is up to UE capability
· FFS: QCL type(s)/assumption(s) of the indicated joint TCI state(s) applied to PDSCH-CJT 
· Note: On how to inform UE to apply which indicated joint TCI state(s) to target channel(s)/signal(s) in the BWP/CC, it is discussed individually in AI 9.1.1.1

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

On unified TCI framework extension, study the following enhancements for TRP-specific BFR:
· Implicit BFD-RS determination based on the indicated joint/DL TCI states for S-DCI based MTRP
· Enhancement to beam update after NW response to TRP-specific BFR request

On unified TCI framework extension for S-DCI based MTRP , down-select one alternative from the followings in RAN1#111:
· Alt1: 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 of the two TRPs or both TRPs in a CC/BWP or a set of CCs/BWPs in a CC list
· Alt2: 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) only specific to one of the two TRPs in a CC/BWP or a set of CCs/BWPs in a CC list
· Note: According to the agreement in RAN1#109-e, support of one additional TCI field or a field associating the TCI field to the TRP(s) is not precluded
Note: It has been agreed to use the existing TCI field for TCI state indication for S-DCI based MTRP in RAN1#109e
Note: The term TRP is used only for discussion purpose in RAN1 and whether/how to capture this is FFS
FFS: The behavior if the UE receives a beam indication DCI that indicates joint/DL/UL TCI state(s) for one TRP



In this contribution, we discuss issues on extending unified TCI (UTCI) framework for supporting multi-TRPs, including how to signal more than one unified TCI, timeline issues on ACK/BAT, PDCCH repetition case, and a simultaneous BFR procedure for multi-TRPs.

2. DISCUSSIONS
Rel-17 unified TCI framework and necessity of its extension  
Higher carrier frequency bands such as FR2 enable deployments to deliver high throughput transmissions by using higher bandwidths. Devices operating in these bands can support a high number of antennas in a compact form factor due to the smaller minimum inter-antenna spacing required compared to FR1. These antenna elements are organized into antenna panels which can be placed at different locations on devices and facing different directions to provide maximum directional coverage. Precoding and beamforming enable a UE to target more than one TRP with satisfactory signal quality despite blockage and varying UE orientation. 
In Rel-17, NR has introduced a new feature of unified TCI framework for efficient DL/UL beam managements. A unified TCI refers to a beam/RS to be simultaneously used for multiple physical channels/signals. A TCI can include at least one source RS to provide a reference for determining a QCL assumption or a spatial filter. For example, a source RS in a separate DL-TCI (or a joint TCI) provides common QCL information at least for UE-dedicated reception on a PDSCH and all or subset of CORESETs. A source RS in a separate UL-TCI (or a joint TCI) provides a reference for determining common UL Tx spatial filter at least for dynamic-grant/configured-grant based PUSCH and all or subset of dedicated PUCCH resources. The Rel-17 unified TCI framework only considered a communication link between a UE and a single TRP.
Rel-18 aims to study on the extension of the Rel-17 unified TCI framework to be applicable in multi-TRP scenario, where a UE can be indicated to update more than one unified TCI, each to be linked to a different TRP. Also, power control enhancements for UL single DCI for multi-TRP operation are in the scope of this study. Considering single DCI and multi-DCI based multi-TRP operation, enhancements on UL beam indication for PUCCH and PUSCH when unified TCI framework is applied need to be further investigated. The power control and UL beam enhancement issues are to be based on existing multi-TRP features supported up to Rel-17, and need to be investigated by taking multi-panel UE (MPUE) cases into account.


Rel-17 enhancements for multi-TRP and multi-panel  
Rel-17 provided several enhancements to support single DCI (sDCI) uplink multi-TRP case. Rel-17 PUSCH and PUCCH can be scheduled through a grant with repetitions towards different TRPs by mapping different SRIs to the repetitions. 
For multi-TRP PUSCH repetition, two SRS resource sets are configured corresponding to two different TRPs. A UE receives a DCI that contains two SRIs belonging to two different sets. The TDRA indicates the number of repetitions and is preconfigured with a mapping (e.g. cyclical or sequential) of SRIs to the repetitions. A UE may then determine the spatial filter to use per repetition. Similarly, for codebook-based precoding, a UE can determine the precoders per repetition based on two TPMIs indicated in the DCI. A further enhancement was added to the DCI to switch the ordering of the mapping to repetitions, and to dynamically switch between sTRP and mTRP. The SRS resource set indication consists of two bits which indicate whether the PUSCH is transmitted to TRP1 only, TRP2 only, mTRP starting with TRP1, or mTRP starting with TRP2. 
For multi-TRP PUCCH, a UE receives a PUCCH configuration with repetitions, and two SRIs which are similarly preconfigured with a mapping (e.g. cyclical or sequential). 
In either case of PUSCH or PUCCH, since the repetitions target different TRPs with different pathloss, separate power control parameters are required for each TRP (e.g. alpha, P0, TPC). Rel-17 added two sets of power control parameters and a UE adjusts its transmission power depending on the targeted TRP per repetition. 

With respect to panel operation, Rel-17 [3] introduced a feature to facilitate panel activation and selection in multi-panel UEs:
	On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, support the UE reporting a list of UE capability value [sets]
· Each UE capability value [set] comprises the max supported number of SRS ports
· Any two capability values [sets] are different
· Whether the UE capability value [set] can be common across all BWPs/CCs in same band or BC can be discussed in UE feature session
On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, UE can report one index of UE capability value [set] for each reported CRI/SSBRI in one beam reporting.



A UE can therefore report more than one UE capability value sets, where each set indicates the maximum number of supported SRS ports. For each CRI/SSBRI in a CSI report for beam reporting, a UE reports the index of the associated capability value set. The network can therefore determine one or more active panels and their corresponding downlink reference signal used for measurement (e.g. CSI-RS or SSB). However, in all the enhancements discussed so far for Rel-17, the network can only schedule the UE to transmit on one panel at a time.
For Rel-18, enhancements on power control and UL beam managements should be studied based on multi-panel UE (MPUE) assumptions which include a case that the UE can perform simultaneous UL transmissions from more than one active panel.


Extension of unified TCI framework for supporting multi-TRPs/panels 
In Rel-18, we consider the mode of operation as illustrated in Figure 1. A UE can be equipped with two or more panels of antenna elements. Each panel has separate control on power, amplitude and phase shifts so that different spatial filters and precoders can be generated at the same time. Two TRPs are deployed in the network and the UE can communicate with the two TRPs, by using a unified TCI1 for TRP1 and a unified TCI2 for TRP2.
On an issue regarding whether the unified TCI1 and TCI2 can be configured within a same pool or not, in the last meeting, it was agreed to have a same pool for both TRPs by concluding that no separate RRC-configured TCI state lists are to be used for such a multi-TRP scenario. Same pool implies that a common pool can be used for both TRP1 and TRP2 by an RRC configuration, where the UE can be configured with each TCI in the common pool having an association to a TRP, e.g., based on a TRP indicator or a coresetPoolIndex value, or by an indirect QCL association rule.

Observation 1: It was agreed to have a same pool containing unified TCIs for both TRPs, where for example a unified TCI1 for TRP1 and a unified TCI2 for TRP2 can be configured within a common TCI pool.
 
Proposal 1: Discuss and decide, per target channel/signal, a mechanism on how to identify an associated TRP for an indicated unified TCI, where the mechanism can be based on an explicit TRP indication or based on an implicit QCL association rule.
  


[bookmark: _Ref101788003]Figure 1. Rel-18 scenario of multi-TRPs/panels with unified TCIs

Another issue to be resolved is for a MAC-CE signaling enhancement on how to signal a TRP identification when activating a set of candidate unified TCIs to be associated with which TRP by the MAC-CE, where the set of candidate unified TCIs are to be mapped to the codepoints of the TCI field in a DCI. In the current specification, there are two different MAC-CE formats for activating TCI-states for multi-TRP features: One is for multi-DCI case by Figure 6.1.3.14-1 [4] on activating TCI-states, all corresponding to one selected TRP of the multiple TRPs, and another is for single-DCI case by Figure 6.1.3.24-1 [4] on activating, per codepoint, one or two TCI-states being mapped. 
The latter case assumes an ideal backhaul between the two TRPs, so that a primary TRP can indicate both TCI-states, each corresponding to a different TRP. If Rel-18 MAC-CE enhancement for activating unified TCIs is based on the latter case, improved signaling flexibility and efficiency can be achieved by allowing any TRP can signal by a DCI two unified TCIs, each for each TRP, to be updated at the UE. Also, a simultaneous TCI update mechanism across a set of CCs/BWPs need to be further discussed as an extension of Rel-17 unified TCI framework.

Observation 2: MAC-CE enhancement is needed for activating unified TCIs for multi-TRP scenario, in terms of how to signal a TRP identification when activating a set of candidate unified TCIs to be associated with which TRP by the MAC-CE.
 
Proposal 2: Consider enhancement of an existing TCI-activating MAC-CE that can activate one or two TCI-states per codepoint of the TCI field in a DCI, to be applicable for activating one or two unified TCIs per codepoint, also across CCs/BWPs, to improve signaling flexibility and efficiency at least for an ideal backhaul case for the TRPs.

Regarding indication details of unified TCI(s), a UE can receive a DCI indicating up to 2 UTCIs simultaneously with the one DCI signaling. The DCI comprises a TCI field, where the TCI field comprises 8 codepoints. Each codepoint of the 8 codepoints can be mapped to either one UTCI or two UTCIs from the above-mentioned MAC-CE enhancements. Then, depending on which codepoint being indicated by the DCI, dynamically, the UE can update either one UTCI or two UTCIs. If only one UTCI is indicated by the DCI, e.g., for TRP1, the UE should still maintain and not change the other UTCI currently being used for TRP2. This selective UTCI indication mechanisms should be supported to provide sufficient flexibility in terms of network implementation, as a UTCI per TRP may need to be changed selectively (or simultaneously for both TRPs) depending on various conditions in the UE-to-TRP links.

Observation 3: For a TCI field in a DCI, codepoint-wise dynamic selection of either one unified TCI update or multiple unified TCI updates is beneficial to provide sufficient flexibility in terms of network implementation, depending on various conditions in the UE-to-TRP links.
 
Proposal 3: Support, in a TCI field of a DCI, codepoint-wise dynamic selection of either one unified TCI update or multiple unified TCI updates, and if only one unified TCI for TRP1 is indicated by the TCI field, the UE maintains and not change the other unified TCI currently being used for TRP2.

In the last meeting, it was agreed 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, an RRC configuration is supported 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. This is for the particular case of PDCCH, but can be understood with the following Figure 2 as an example. If a UE is informed to apply the first one of the indicated UTCIs, it means the UE would apply only one of the first column in Figure 2 and not apply the other one of the second column, in case of PDCCH UTCI update. The first column may be associated with TRP1 as illustrated in Figure 2 where the TRP1 here in terms of specification may corresponds to a first group of CORESETs. For example, the UE may be indicated with Codepoint 2 where UTCI2 and UTCI14. Then, the UE applies only the first one (UTCI2) for the first group of CORESETs, but the UE may apply both UTCI2 and UTCI14 for PDSCH reception, e.g., CJT-PDSCH or other MTRP-related PDSCH reception scheme. Like this example, for other target channels/signals, e.g., PDSCH, PUCCH, PUSCH, and RS, it is desired to be controlled on how to apply the indicated UTCI(s).
As mentioned earlier, the MAC-CE activation command to activate TCI field descriptions of a DCI can support codepoint-wise TRP-associated position for mapping one or more UTCI(s). For example, codepoint 0 maps to both TRP-associated positions where the first position (TRP1) is mapped to UTCI3 and the second position (TRP2) is mapped to UTCI9. Codepoint 1 maps to only the first TRP-associated position which is mapped to UTCI5, meaning that if this codepoint 1 is indicated by the DCI, the UE should only update TRP1’s UTCI to be UTCI5, and maintain TRP2’s current UTCI. Codepoint 4 maps to only the second TRP-associated position which is mapped to UTCI11, meaning that if this codepoint 4 is indicated by the DCI, the UE should only update TRP2’s UTCI to be UTCI11, and maintain TRP1’s current UTCI.
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Figure 2. Example of 3-bit TCI field of a DCI being activated by a MAC-CE

Observation 4: Up to Rel-16 SDCI-based MTRP, a TCI-codepoint associated with one TCI-state cannot be used for indicating which TRP is to be applied with the one TCI-state, as the SDCI-based MTRP only applies to PDSCH reception.
 
Proposal 4: Support, at least for Rel-18 SDCI-based MTRP, a TCI-codepoint associated with one UTCI can be used for indicating which TRP is to be applied with the one indicated UTCI, as a cross-TRP UTCI update functionality.


Timeline on ACK and BAT upon receiving unified TCIs 
Multi-DCI based multi-TRP features up until Rel-17 support UE to transmit a joint HARQ-ACK upon receiving a mTRP-PDSCH scheduled by DCI1 (from TRP1) and DCI2 (from TRP2), if a HARQ-ACK transmission timing/slot indicated by the DCI1 is the same as that indicated by the DCI2. The scheduled mTRP-PDSCH can be interpreted as a non-coherent joint transmission (NCJT) based PDSCH, as the DCI1 can schedule a subset of layers of the mTRP-PDSCH and the DCI2 can schedule a different subset of layers of the mTRP-PDSCH.
Rel-17 unified TCI framework supports that a HARQ-ACK transmission, based on receiving a PDSCH scheduled by a DCI indicating a unified TCI, can also be interpreted as confirming, to the gNB, a successful reception of the unified TCI. 
In Rel-18 unified TCI for multi-TRP, however, this interpretation does not always hold when one of the DCI1 and the DCI2 fails to be received at the UE, then such a joint HARQ-ACK can still be transmitted from the UE based on a DAI counting procedure. Transmitting the joint HARQ-ACK can be interpreted, at the gNB, as being confirmed that both unified TCIs indicated by the DCI1 and DCI2 are successfully received at the UE and to be applied after beam application time (BAT), which causes serious mismatch problems on applying unified TCI(s) between the gNB and the UE. Therefore, at least a separate ACK mechanism is necessary for confirming reception of unified TCI(s). Corresponding timeline issues in relation to BAT for multi-TRP scenario need also be investigated.

Observation 5: Interpreting that a transmitted HARQ-ACK is also confirming the successful reception of unified TCI by a DCI in Rel-17 does not always hold for Rel-18, because one of DCI1 and DCI2 scheduling a mTRP-PDSCH may fail to be received at a UE but a joint HARQ-ACK can still be sent based on a DAI counting procedure.

Proposal 5: Support at least a separate ACK mechanism for confirming a successful reception of unified TCI(s) indicated by a DCI in Rel-18, to avoid serious unified-TCI mismatch problems between gNB and UE, and further study on details on the separate ACK mechanism.


PDCCH repetitions based on unified TCIs 
In Rel-17, a UE can receive more than one PDCCH candidate carrying the same grant (i.e., DCI) contents, where each candidate is sent from a different TRP with a different spatial filter in a TDM manner. A UE can receive each PDCCH candidate individually or may soft-combine both candidates to improve the decoder’s reliability. The grant may schedule a PDSCH transmission from a single TRP, then the UE can send an ACK to confirm successful reception of the PDSCH. The ACK sent by the UE can also be interpreted as confirming that a unified TCI indicated by the grant is successfully received.
Rel-18 considers an extended unified TCI framework supporting multi-TRP scenario, where the multi-TRP PDCCH repetition candidates may also carry a unified TCI, in addition to a grant. The UE can receive from the PDCCHs a grant scheduling a PDSCH from more than one TRP where each TRP may transmit with a spatial filter (i.e., TCI). It needs to be studied that the PDCCH repetitions and corresponding scheduled PDSCH repetitions are paired such that spatial filters are associated between repetition indices. For example, UE can receive PDCCH candidate 1 with TCI1, and PDCCH candidate 2 with TCI2. Then, the UE can determine that PDSCH repetition 1 may be received with TCI1, and PDSCH repetition 2 may be received with TCI2. This can reduce signaling overhead and latency in indicating unified TCI(s) across PDSCH repetitions, based on the paired information when PDCCH repetitions and the PDSCH repetitions are both applied in Rel-18.

Observation 6: An extended unified TCI framework supporting multi-TRP scenario in Rel-18 includes a scenario that multi-TRP PDCCH repetition candidates may also carry a unified TCI, in addition to a grant, and the grant schedules a PDSCH from more than one TRP.

Proposal 6: Study a repetition case in Rel-18 that the PDCCH repetitions and corresponding scheduled PDSCH repetitions are paired such that spatial filters are associated between repetition indices, which reduces signaling overhead and latency in indicating unified TCI(s) across PDSCH repetitions.


Beam failure recovery based on unified TCIs for multi-TRPs  
A beam failure recovery (BFR) procedure can be initiated by a UE, when detecting a communication link quality between the UE and a gNB is under a threshold value. The communication link quality may be determined based on configured CORESETs when no explicit beam failure detection RSs are configured to the UE. In Rel-17, an individual BFR procedure per TRP is supported where a UE can initiate a BFR procedure for a communication link between the UE and TRP1, and the UE can further initiate a separate BFR procedure for a separate link between the UE and TRP2.
Rel-18 considers an extended unified TCI framework supporting multi-TRP scenario, where a UE can receive, by a single DCI, an indication of updating both unified TCIs, each corresponding to each TRP. Then, it needs to be discussed whether the BFR procedure for a UE configured with Rel-18 unified TCIs can support a simultaneous beam recovery for both TRPs’ unified TCIs to be recovered at the same time, e.g., as a part of a single/unified BFR procedure. For example, a PRACH resource can be associated with a pair of unified TCIs for the multi-TRP case, which reduces resource overhead and enables the simultaneous beam recovery. Also, a configure BFR-CORESET can be shared between the TRPs, and a recovered beam to be applied for a RAR message via the BFR-CORESET can depend on the simultaneous beam recovery procedure. This can reduce overhead in configuring BFR-CORESETs as the number of configurable CORESETs are limited in NR system.

Observation 7: In Rel-17, an individual BFR procedure per TRP is supported where a UE can initiate a BFR procedure for a communication link between the UE and TRP1, and the UE can further initiate a separate BFR procedure for a separate link between the UE and TRP2.

Proposal 7: Study a mechanism to support a simultaneous beam recovery for both TRPs’ unified TCIs to be recovered at the same time in Rel-18.


3. CONCLUSIONS
In this contribution, we discussed issues on extending unified TCI framework for supporting multi-TRPs, including how to signal more than one unified TCI, timeline issues on ACK/BAT, PDCCH repetition case, and a simultaneous BFR procedure for multi-TRPs. We make the following observations and proposals:

Observation 1: It was agreed to have a same pool containing unified TCIs for both TRPs, where for example a unified TCI1 for TRP1 and a unified TCI2 for TRP2 can be configured within a common TCI pool.
 
Observation 2: MAC-CE enhancement is needed for activating unified TCIs for multi-TRP scenario, in terms of how to signal a TRP identification when activating a set of candidate unified TCIs to be associated with which TRP by the MAC-CE.
 
Observation 3: For a TCI field in a DCI, codepoint-wise dynamic selection of either one unified TCI update or multiple unified TCI updates is beneficial to provide sufficient flexibility in terms of network implementation, depending on various conditions in the UE-to-TRP links.

Observation 4: Up to Rel-16 SDCI-based MTRP, a TCI-codepoint associated with one TCI-state cannot be used for indicating which TRP is to be applied with the one TCI-state, as the SDCI-based MTRP only applies to PDSCH reception.
 
Observation 5: Interpreting that a transmitted HARQ-ACK is also confirming the successful reception of unified TCI by a DCI in Rel-17 does not always hold for Rel-18, because one of DCI1 and DCI2 scheduling a mTRP-PDSCH may fail to be received at a UE but a joint HARQ-ACK can still be sent based on a DAI counting procedure.

Observation 6: An extended unified TCI framework supporting multi-TRP scenario in Rel-18 includes a scenario that multi-TRP PDCCH repetition candidates may also carry a unified TCI, in addition to a grant, and the grant schedules a PDSCH from more than one TRP.

Observation 7: In Rel-17, an individual BFR procedure per TRP is supported where a UE can initiate a BFR procedure for a communication link between the UE and TRP1, and the UE can further initiate a separate BFR procedure for a separate link between the UE and TRP2.

Proposal 1: Discuss and decide, per target channel/signal, a mechanism on how to identify an associated TRP for an indicated unified TCI, where the mechanism can be based on an explicit TRP indication or based on an implicit QCL association rule.

Proposal 2: Consider enhancement of an existing TCI-activating MAC-CE that can activate one or two TCI-states per codepoint of the TCI field in a DCI, to be applicable for activating one or two unified TCIs per codepoint, also across CCs/BWPs, to improve signaling flexibility and efficiency at least for an ideal backhaul case for the TRPs.

Proposal 3: Support, in a TCI field of a DCI, codepoint-wise dynamic selection of either one unified TCI update or multiple unified TCI updates, and if only one unified TCI for TRP1 is indicated by the TCI field, the UE maintains and not change the other unified TCI currently being used for TRP2.

Proposal 4: Support, at least for Rel-18 SDCI-based MTRP, a TCI-codepoint associated with one UTCI can be used for indicating which TRP is to be applied with the one indicated UTCI, as a cross-TRP UTCI update functionality.

Proposal 5: Support at least a separate ACK mechanism for confirming a successful reception of unified TCI(s) indicated by a DCI in Rel-18, to avoid serious unified-TCI mismatch problems between gNB and UE, and further study on details on the separate ACK mechanism.

Proposal 6: Study a repetition case in Rel-18 that the PDCCH repetitions and corresponding scheduled PDSCH repetitions are paired such that spatial filters are associated between repetition indices, which reduces signaling overhead and latency in indicating unified TCI(s) across PDSCH repetitions.

Proposal 7: Study a mechanism to support a simultaneous beam recovery for both TRPs’ unified TCIs to be recovered at the same time in Rel-18.
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