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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#112 meeting [2], RAN1 made some agreements and further discussion points were outlined which are listed below:

	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

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

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

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

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)




In this contribution, we discuss remaining issues on beam update by TCI field, PDSCH default beam determination, PUSCH beam determination timeline, cross-carrier scheduling cases, timeline issues on ACK/BAT, PDCCH repetition case, and a simultaneous BFR procedure for multi-TRPs.

2. DISCUSSIONS
Remaining issue on ‘beam update’ by TCI field in a DCI  
In Rel-17 unified TCI (UTCI) framework, the TCI field in a DCI serves both as a means of ‘beam(UTCI) update’ and ‘beam selection for PDSCH’. However, in Rel-18 UTCI extension for MTRP, the TCI field now focuses exclusively on the ‘beam(UTCI) update’, while a new DCI field, e.g., TCI selection field, once enabled by RRC, is responsible for selecting the beam for PDSCH. This approach can be viewed as a two-stage UTCI management process. The first stage involves using the TCI field to update the beam (UTCI(s)), while the second stage involves using the TCI selection field to select the PDSCH beam among “currently used UTCI states”. Here, currently used UTCI states are the one(s) indicated most recently by a TCI field in a previous DCI, on condition that the UE already sent an ACK confirming reception of the TCI field and a beam application time (BAT) has been already passed after sending the ACK.


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

For Rel-18, we can consider a 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 a previous 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.
This leads to a remaining issue on “how to indicate which TCI state(s) is to be updated by an indicated TCI codepoint if the indicated TCI codepoint is mapped with only a subset of TCI states” that is identified during pre-meeting offline email discussion. Because this issue is NOT relevant to the newly agreed TCI selection field, but related to the existing TCI field, the answer should be that it is done by a MAC-CE via the TCI activation command, as this information is a pre-requisite to interpret the TCI field itself. Figure 2 shows an example representing this situation, where ‘Codepoint 1’ is one case that is mapped with only a subset of TCI states which is the first “column” only, while ‘Codepoint’ 4 is another case that is mapped with only a subset of TCI states which is the second “column” only. This kind of additional information to allocate a single TCI state to which TCI-state column or instance can be simply indicated by the TCI activation command, as it has already one or two TCI(s) mapping procedure for each codepoint-wise.
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Figure 2. Example of 3-bit TCI field of a DCI being activated by a MAC-CE

Overall, the UTCI updates are done by the TCI field, and once updated after the BAT passes, the updated UTCI(s) start to be used more than one channel type (e.g., PDSCH, PDCCH, PUSCH, PUCCH, etc). For example, regarding PDCCH case, it was agreed that 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. 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 associated with UTCI2 and UTCI14. Then, the UE applies only the first indicated UTCI (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.

Observation 1: For beam update part by the TCI field, it needs to be addressed on how to indicate which TCI state(s) is to be updated by an indicated TCI codepoint if the indicated TCI codepoint is mapped with only a subset of TCI states.
 
Proposal 1: 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.

PDSCH default beam determination when scheduling offset is less than a threshold  
In RAN1#111 meeting, one FFS point captured in an agreement was on:
· how to apply the indicated joint/DL TCI state(s) to PDSCH reception if the offset between the reception of the DCI format 1_1/1_2 and the corresponding PDSCH reception is less than a threshold.
This PDSCH default beam issue can be illustrated in Figure 3, where the DCI3 scheduling PDSCH3 indicates a k0 value less than a threshold (timeDurationForQCL), such that the UE has to buffer received signals using ‘default UTCI(s)’ until finishing decoding of the DCI3. In Rel-17 UTCI framework (where only single UTCI is used at a time), this kind of PDSCH default beam issue is not a problem, because the UE applies whatever the most recently indicated UTCI (on condition that the associated BAT has passed) as the PDSCH default beam (UTCI), since there will be only one single UTCI at a given time.
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Figure 3. Example of PDSCH default beam (UTCI) determination.

However, in Rel-18 UTCI extension framework, since more than one UTCI can be used at a time, a specific rule to determine PDSCH default beam needs to be decided. In our view, at least the following two alternatives can be considered for discussions:
· Alt.1 (by the most recent TCI-selection field): Default beam (UTCI) to be used for receiving the PDSCH3 is the one that is the most recently selected by the TCI-selection field, which is {TCI7} in Figure 3, according to the most recent DCI2 indicating to apply the 2nd one.
· Alt.2 (as the 1st one by the most recent TCI field): Default beam (UTCI) to be used for receiving the PDSCH3 is the one that is the most recently updated by the TCI field, which is {TCI5} as the 1st one among {TCI5, TCI8}.

Alt.1 has benefits to reflect the most recent PDSCH beam (UTCI) indicated by the TCI-selection field which selects particularly a preferred PDSCH beam, but it may require UE to maintain more than 2 UTCIs (e.g., in case of 2-TRP scenario) during certain time period in relation to beam update timing as illustrated in Figure 3. Alt.2 has benefits to reflect the most recently updated UTCI pair although it cannot indicate the most recent best PDSCH beam in particular.

Observation 2: In Rel-18 UTCI extension framework, since more than one UTCI can be used at a time, a specific rule to determine PDSCH default beam when scheduling offset is less than a threshold needs to be decided.
 
Proposal 2: PDSCH default beam (UTCI), when scheduling offset is less than a threshold, can be determined either by following the most recently selected PDSCH beam by the TCI-selection field of a previous DCI, or as the 1st UTCI updated by the most recent TCI field.


Remaining issue on PUSCH beam (UTCI) determination timeline 
Similar to the DL cases as above, in RAN1#111 meeting, for a UL DCI format 0_1/0_2, an indicator field (which could be reusing an existing DCI field or introducing a new field) was agreed 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. This is illustrated in Figure 4, which is almost the same as Figure 3 except there is one UL-DCI scheduling a PUSCH is added in this scenario. Since the UL-DCI indicates a k2 value that is a time duration between receiving the UL-DCI and transmitting the scheduled PUSCH, an issue to be resolved is whether the UE reads the indicator field (selecting a UTCI) over which set of indicated UTCIs, e.g., either {TCI3, TCI7} w.r.t the UL-DCI reception timing perspective or {TCI5, TCI8} w.r.t. the actual PUSCH transmission timing perspective.
Since the value of k2 can be tens of slots depending on gNB’s scheduling decision, such application timeline should be clearly decided. In our view, we think two alternative approaches can be considered for down-selection:
· Approach1: UE should read the indicator field (in the UL-DCI) over a set of indicated UTCIs currently being used at the time of receiving the UL-DCI. Then, according to Figure 4, the UE applies {TCI3} for the scheduled PUSCH transmission.
· Approach2: UE should read the indicator field (in the UL-DCI) over a set of indicated UTCIs currently being used at a certain time before transmitting the scheduled PUSCH. Then, according to Figure 4, the UE applies {TCI5} for the scheduled PUSCH transmission.

Approach1 has benefits to simplify UE behavior, since PUSCH beam (UTCI) determination can be done at the time of receiving the UL-DCI. Approach2 has benefits to reflect the most recently updated UTCI pair, as the gNB already transmitted DCI2 and both gNB and UE know that after the corresponding BAT passes the new UTCI pair will start to be used.
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Figure 4. Issue on PUSCH beam (UTCI) determination timeline.

Observation 3: Since a UL-DCI indicates a scheduling offset parameter of k2, there is a remaining issue on which reference time the UE reads and applies the indicator field (selecting a UTCI) over which set of indicated UTCIs depending on the timeline, e.g., when the UL-DCI is received close to a time of ‘beam update’ being carried out.
 
Proposal 3: Down-select among at least two different approaches on UL beam determination timeline:
· Approach1: UE should read the indicator field (in the UL-DCI) over a set of indicated UTCIs currently being used at the time of receiving the UL-DCI.
· Approach2: UE should read the indicator field (in the UL-DCI) over a set of indicated UTCIs currently being used before transmitting the scheduled PUSCH.


Remaining issue on cross-carrier scheduling case 
Another remaining issue is in case of a scheduling DCI schedules data via cross-carrier scheduling where the CIF indicates a different CC. Firstly for DL case scheduled by a DL-DCI, a TCI state indicated by the agreed TCI selection field of the DL-DCI can be read either in the scheduling CC (the same CC as the DL-DCI is transmitted) or in the scheduled CC (a different CC that is pointed by the CIF of the DL-DCI).
For UL case scheduled by a UL-DCI, the same issue exists. For example, a TCI state indicated by the indicator field (which could be reusing an existing DCI field or introducing a new field) can be read either in the scheduling CC (the same CC as the UL-DCI is transmitted) or in the scheduled CC (a different CC that is pointed by the CIF of the UL-DCI).
Since each option seems to have its own pros and cons, it needs to be clarified along the progress of this UTCI extension feature.

Observation 4: A remaining issue on whether the TCI-selection field pointing to ‘scheduling CC’ or ‘scheduled CC’ exists, in case of a scheduling DCI schedules (DL or UL) data via cross-carrier scheduling where the CIF indicates a different CC.
 
Proposal 4: Clarify UE behavior when receiving a DCI selecting a TCI state by the agreed TCI-selection field and CIF of the DCI indicates a different CC (cross-carrier scheduling), in terms of whether the TCI state should be selected over currently used UTCIs in the scheduling CC (the same CC as the DCI is transmitted) or in the scheduled CC (a different CC that is pointed by the CIF).


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 remaining issues on beam update by TCI field, PDSCH default beam determination, PUSCH beam determination timeline, cross-carrier scheduling cases, 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: For beam update part by the TCI field, it needs to be addressed on how to indicate which TCI state(s) is to be updated by an indicated TCI codepoint if the indicated TCI codepoint is mapped with only a subset of TCI states.
 
Observation 2: In Rel-18 UTCI extension framework, since more than one UTCI can be used at a time, a specific rule to determine PDSCH default beam when scheduling offset is less than a threshold needs to be decided.
 
Observation 3: Since a UL-DCI indicates a scheduling offset parameter of k2, there is a remaining issue on which reference time the UE reads and applies the indicator field (selecting a UTCI) over which set of indicated UTCIs depending on the timeline, e.g., when the UL-DCI is received close to a time of ‘beam update’ being carried out.

Observation 4: A remaining issue on whether the TCI-selection field pointing to ‘scheduling CC’ or ‘scheduled CC’ exists, in case of a scheduling DCI schedules (DL or UL) data via cross-carrier scheduling where the CIF indicates a different CC.
 
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: 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: PDSCH default beam (UTCI), when scheduling offset is less than a threshold, can be determined either by following the most recently selected PDSCH beam by the TCI-selection field of a previous DCI, or as the 1st UTCI updated by the most recent TCI field.

Proposal 3: Down-select among at least two different approaches on UL beam determination timeline:
· Approach1: UE should read the indicator field (in the UL-DCI) over a set of indicated UTCIs currently being used at the time of receiving the UL-DCI.
· Approach2: UE should read the indicator field (in the UL-DCI) over a set of indicated UTCIs currently being used before transmitting the scheduled PUSCH.

Proposal 4: Clarify UE behavior when receiving a DCI selecting a TCI state by the agreed TCI-selection field and CIF of the DCI indicates a different CC (cross-carrier scheduling), in terms of whether the TCI state should be selected over currently used UTCIs in the scheduling CC (the same CC as the DCI is transmitted) or in the scheduled CC (a different CC that is pointed by the CIF).

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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