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  Introduction
[bookmark: _Hlk492027000]Rel-18 MIMO scope was finalized in RAN#94 where the corresponding objectives are captured in RP-213598. One of these objectives is to study and, if justified, specify the use of two TAs (timing advance) considering UL multi-DCI for multi-TRP operation. This objective is copied below:

	7.  Study, and if justified, specify the following 
0. Two TAs for UL multi-DCI for multi-TRP operation 
0. Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.



RAN1#109-e was the first meeting where the above Rel-18 objective was discussed. During this meeting, the general support of the feature of two TAs for UL multi-DCI multi-TRP was agreed considering both intra-cell and inter-cell multi-TRP scenarios, as can be seen in the agreements copied below:

	Agreement
Enhancement on two TAs for UL multi-DCI for multi-TRP operation is supported in Rel-18.
Note 1: whether (1) the network signals two TACs or (2) the network signals one TAC and the UE deriving the second TA can be further studied.
Note 2: evaluations can be considered on as-needed basis.



	Agreement
Support two TA enhancement for both intra-cell and inter-cell multi-DCI multi-TRP scenarios in Rel-18.



   
	Agreement
Enhancements on two TAs for UL multi-DCI for multi-TRP operation are applicable to both FR1 and FR2.




In this contribution, we continue the discussion on two TAs for UL multi-DCI for multi-TRP operation considering the discussions and agreements made in RAN1#109-e, RAN1#110, RAN1#110bis-e, and RAN1#111 for which the related FL summaries can be found in R1-2205209, R1-2207800 & R1-2208016, R1-2210304 & R1-2210468, and R1-2212589 & R1-2212775 & R1-2212862, respectively.




  Discussion
Association of UL channels/signals to TAGs 
The association of UL channels/signals to TAGs has been discussed in RAN1#110 and RAN1#110bis-e, and the following agreement listing various options and their related details was made in RAN1#110bis-e:

	Agreement
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, the four options agreed in RAN1#110bis-e are refined as below (down-selection of one or a combination of the options to be performed in RAN1#111):
· Option 1: Associate TAG to TCI-state/spatial relation
· Configure TAG ID as part of UL/joint TCI state or spatial relation
· for UL transmission, the TAG ID associated with the UL/joint TCI state or spatial relation is utilized
· Option 2: Associate TAG to CORESETPoolIndex
· for dynamically scheduled/activated PUSCH, TAG associated with the CORESET pool index of the CORESET carrying the scheduling/activating PDCCH is utilized for UL transmission
· for Type 1 CG, P/SP-SRS, and P/SP-PUCCH, coresetPoolIndex is RRC-configured.
· FFS:   Other signals/channels:  AP-SRS, and dynamic HARQ-ACK
· Option 3: Associate TAG to SSB group (if such an association is agreed in agenda 9.1.1.2). For a UL transmission, UE adopts the TAG associated with the SSB group such that
· if the PL RS is an SSB, then the UE adopts the TAG associated with the SSB group which the PL RS of the UL transmission belongs to
· if the PL RS is a CSI-RS, then the UE adopts the TAG associated with the SSB group which the QCL source SSB of the PL RS belongs to 
· Option 4:  TAG association performed as follows:
· for dynamically scheduled/activated channels/signals, TAG associated with the CORESET pool index of the CORESET carrying the scheduling PDCCH is utilized for UL transmission
· for P/SP UL channels / signals (not scheduled or activated by DCI), TAG ID is RRC-configured.




It’s also worth noting that the following agreement was made in RAN1#110bis-e:

	Agreement
Multi-DCI multi-TRP operation with two TAs is supported for Rel-15/16/17 TCI frameworks and unified TCI framework extension discussed in 9.1.1.1 as well as UL beam indication via spatial relation.




In addition, the above issue was further discussed in RAN1#111, but again without reaching any consensus.

In the following, we discuss the various options listed in the above agreement.
· Option 1 would require defining and specifying association to a TAG considering the Rel-18/Rel-17 unified TCI framework as well as the existing spatial relation framework. This could be achieved by (i) either defining a direct association of a TAG to a TCI state or spatial relation, or (ii) by associating a TAG to a set of DL RSs, i.e., SSBs/CSI-RSs, where this association is used to determine the association of TAG to TCI state or spatial relation. From another perspective, some companies pointed out that this option is more future-proof compared to other options, e.g., considering the Rel-18 Mobility objectives. Anyways, in order to make this work for FR1, spatial relation shall be configured to the UE, which seems unnecessary (to associate TAG for UL) as it creates RRC overhead and further complications to the specification as spatial relation is not used for FR1.
· Option 2 would already work for the PUSCH/PUCCH/SRS with a corresponding PDCCH, as in this case the association to a CORESETPoolIndex can be obtained through the PDCCH scheduling the PUSCH/PUCCH/SRS. For configured UL transmissions, an association of periodic and maybe some semi-persistent UL resources to CORESETPoolIndex would be needed. On the other hand, Option 2 may result is some scheduling flexibility limitation since, in addition to the fact that CORESETPoolIndex has been so far defined for DL only, using CORESETPoolIndex for UL would not really allow scheduling from one TRP an UL transmission towards another TRP. However, this should not be a problem especially given that the focus is on the multi-DCI mode (as stated in the Rel-18 objective copied in Section 1), since this mode is typically more suitable for non-ideal backhaul between the TRPs which suggests a more independent operation of the TRPs.
· Option 3 relies on association of DL RSs to a TAG and relies on the PL RS of the UL transmission to determine the corresponding TAG. This is, in a way, similar to one interpretation of Option 1, under which a TAG is associated to a set of DL RSs and this association is used to determine the association of TAG to TCI state. 
· Option 4 seems similar to Option 2, where the key difference being that, under Option 4, configured UL resources/transmissions can be directly associated to a TAG instead of a CORESETPoolIndex. Hence, Option 4 could be somewhat seen as a variation of Option 2.

Based on the above observations, it can be noticed that all four options could work and that there is some overlap/similarity between some of these options. In our view, it would be enough to select between Option 1 and Option 2 (with or without considering some aspects from Option 4), but we have a preference towards Option 2.

Proposal 1: For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, select the following option: 
· Option 2, with or without aspects from Option 4, (1st preference): Associate TAG to CORESETPoolIndex.
· configured UL resources/transmissions can be associated to a CORESETPoolIndex (based on Option 2) or to a TAG (based on Option 4). 

Overlapping UL transmissions
On the aspects related to handling overlapping UL transmissions due to the application of two TAs, the following agreement listing some potential handling ways was agreed in RAN1#110:

	Agreement
For multi-DCI based multi-TRP operation with two TAs, study how to handle overlapping part between two UL transmissions associated with two TAs, where the study includes:
· whether to introduce scheduling restriction in overlapping part
· whether to introduce dropping rules 
· whether specification impact is needed, or if the issue can be handled via implementation
· whether to allow overlapped transmission in case the UE supports STxMP transmission (if STxMP feature is agreed in NR Rel-18)




These aspects have been further discussed in RAN1#110bis-e where the following conclusion was made:

	Conclusion
For multi-DCI based Multi-TRP operation with two TA enhancement, it cannot always be assumed that both TRPs have knowledge of the overlapping region between transmissions corresponding to the two TAs.
· Note: This doesn’t prevent the network from applying scheduling restrictions even if the TRPs have no knowledge of the overlapping region




It’s worth recalling that in legacy operation (with one TA in a cell), when two slots overlap due to TA adjustment, the later slot is reduced in duration relative to the earlier slot. 

Considering the multi-DCI M-TRP operation with two TAs, handling overlapping part between UL transmissions associated with two TAs could consist in simply dropping one of the UL transmissions, where the decision on which UL transmission to drop could be based on some simple rules (e.g., always drop the later or earlier UL transmission) or could be even left up to UE implementation (which is less preferable). An alternative handling approach could be to introduce some scheduling constraints in the time domain to avoid the overlap. Note that although the above conclusion states that both TRPs may not always have knowledge of the overlapping region between transmissions corresponding to two TAs, this doesn’t exclude the alternative on relying on scheduling restrictions to avoid such an overlap (as mentioned in the above agreement). Specifically, one might argue that the scheduling constraints may not be feasible given that the focus is on the multi-DCI mode and thus the two TRPs may not be closely coordinating, nevertheless still the overlap could still be avoided assuming that there would be some level of coordination. 

We don’t have a strong preference regarding which handling approach to adopt between the two above approaches, we thus propose:

Proposal 2: For handling overlapping part between two UL transmissions associated with two TAs, if the UE doesn’t support simultaneous UL transmissions, support any of the following approaches:
· Drop one UL transmission, where the decision of which UL transmission to drop is based on some simple rule(s).
· Introduce some scheduling constraints in the time domain to avoid overlaps, where this is guaranteed by the network.

We now consider the case where the UE supports simultaneous UL transmissions (at least PUSCH vs. PUSCH, and PUCCH vs. PUCCH), assuming these UL transmissions could be partially overlapping in time. In principle, for this case, the overlap discussed above should not be problematic as anyhow the UE can transmit the overlapping UL transmissions – even if based on some UE capability. Hence, no special considerations seem required in this case.

Observation 1: In case of two TAs and if the UE supports simultaneous UL transmissions, which could be partially overlapping in time, no special handling seems required for the scenarios where two UL transmissions overlap due to the application of two TAs.

Enhancements on random-access procedures and PDCCH order
On the need for separate RACH configuration

Recall that based on legacy operation, when the gNB detects a problem in the UL synchronization of a UE, the gNB can indicate the UE to initiate a random-access procedure through a PDCCH order. The PDCCH order is triggered by DCI format 1_0 (with CRC scrambled by C-RNTI). This PDCCH can trigger either CFRA procedure or CBRA procedure. Further, in legacy, RRC configures the UE with a timer (timeAlignmentTimer) per TAG. The UE restarts the timer when it receives a new TA value. If the timer expires, the UE will need to perform a random-access procedure before it’s possible for the UE to perform UL transmissions in the cells, where at least CBRA could be used.

PDCCH order: 

Regarding the support of CFRA and CBRA, the following was agreed and concluded in RAN1#111:

	Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, support CFRA triggered by PDCCH order for both intra-cell and inter-cell cases.




	Conclusion
For multi-DCI based Multi-TRP operation with two TA enhancement, there is no consensus to support enhancements for CBRA triggered by PDCCH order.



Whether there is a need to configure separate configurations to the UE for each additional PCI in case of inter-cell MTRP scenario has been further discussed in RAN1#111 where the following Working assumption was made:

	Working Assumption
[bookmark: _Hlk126060198]For multi-DCI based inter-cell Multi-TRP operation with two TA enhancement, one additional PRACH configuration is supported for each configured additional PCI
· the additional PRACH configuration is used in a RACH procedure triggered by a PDCCH order for the corresponding configured additional PCI 




Since at least the CFRA case was agreed, we propose to confirm the above Working assumption so that the CFRA operation with PDCCH order is enabled for the intercell case:

Proposal 3: Confirm the following RAN1#111 Working Assumption:
For multi-DCI based inter-cell Multi-TRP operation with two TA enhancement, one additional PRACH configuration is supported for each configured additional PCI
· the additional PRACH configuration is used in a RACH procedure triggered by a PDCCH order for the corresponding configured additional PCI 


On whether to support Type1 CSS for receiving RAR from a TRP corresponding to additional PCI, and potential implications
Whether there is a need to configure type1 CSS for receiving RAR from a TRP corresponding to an additional PCI in inter-cell MTRP scenario has been discussed in RAN1#110bis-e, where the following agreement was made:

	Agreement
For inter-cell multi-DCI based Multi-TRP operation with two TA enhancement, support one of the alternatives (down selection to be done in RAN1#111):
· Alt 1: PDCCH scheduling RAR will always be received from serving cell  there is no need for additional type 1 CSS configuration per additional PCI
· Alt 2: In addition to PDCCH scheduling RAR being received from serving cell, reception of PDCCH scheduling RAR from a TRP corresponding to an additional PCI for a RACH procedure associated to the additional PCI is supported  additional type 1 CSS configuration per additional PCI needs to be supported




This aspect was further discussed in RAN#111 but without reaching an agreement, where the following FL proposal has been on the table due to a majority of companies supporting Alt.1:

	Proposal 5 
For inter-cell multi-DCI based Multi-TRP operation with two TA enhancement, support PDCCH scheduling RAR always being received from serving cell
· there is no need for additional type 1 CSS configuration per additional PCI



We recognize that, as also mentioned by other companies during the RAN1#110bis-e discussions (see R1-2210468), Alt.1 is more aligned with Rel-17 intercell M-TRP assumption under which non-UE dedicated channels are expected to come from the serving cell. This assumption is captured by the following agreement made under Rel-17 intercell multi-TRP:

	Agreement
UE is not required to monitor a Type0/0A/1/2 CSS in a CORESET when the active TCI state is associated with a PCI different from serving cell PCI.



Thus, if the above assumption is kept, Alt.1 should be supported under which PDCCH scheduling RAR will always be received from the serving cell, which implies that there is no need for additional Type 1 CSS configuration per additional PCI. However, with this alternative, it should be noted that, since the focus is on M-DCI mode, it’s expected that the backhaul between the two TRPs is not ideal. And this would then result in some delay as the two TRPs need to coordinate or exchange information given that the PRACH transmission could be towards one cell/TRP whereas the RAR monitoring is on another cell/TRP. This aspect is further discussed in the following subsection.

On the other side, compared to Alt.1, Alt.2 has the advantage of not incurring delays as there would not be a need for the TRPs to exchange information after the PRACH transmission. This is because, with Alt.2 the RAR is monitored on the same cell towards which the PRACH transmission is triggered. For instance, when the PRACH transmission is triggered towards (additional/target) non-serving cell PCI, RAR reception could be monitored on this cell.

Observation 2: In contrast with Alt.1 (i.e., PDCCH scheduling RAR will always be received from serving cell), Alt.2 (i.e., reception of PDCCH scheduling RAR from a TRP corresponding to an additional PCI for a RACH procedure associated to the additional PCI is supported) has the advantage of not incurring delays in the RACH procedure. However, Alt.2 deviates from the Rel-17 M-TRP assumption under which non-UE dedicated channels are expected to come from the serving cell.

Weighing up the pros and cons of these two alternatives, we don’t have a strong view on which alternative should be supported. If companies cannot agree on one of these two alternatives, one middle ground approach might be to support both alternatives, where which alternative to use would be either up to gNB configuration and/or up to UE capability.

[bookmark: _Hlk127306283]Proposal 4: For inter-cell multi-DCI based multi-TRP operation with two TA enhancement, support the possibility for the gNB to configure any of the following alternatives:
· Alt 1 : PDCCH scheduling RAR will always be received from serving cell, which implies that there is no need for additional Type 1 CSS configuration per additional PCI.
· Alt. 2 : In addition to PDCCH scheduling RAR being received from serving cell, reception of PDCCH scheduling RAR from a TRP corresponding to an additional PCI for a RACH procedure associated to the additional PCI is supported. 
· The UE may have to use a QCL assumption corresponding to the additional PCI to monitor Type 1 CSS.
· FFS: whether the UE needs to be defined with multiple Type 1 CSS or not.

Cross-TRP PDCCH order
Remaining open points on cross-TRP PDCCH order 
On the support of one TRP triggering, through PDCCH order, RACH procedure towards the same or a different TRP, the following was agreed in RAN1#111. 

	Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, support the case where a PDCCH order sent by one TRP triggers RACH procedure towards either the same TRP or a different TRP at least for inter-cell Multi-DCI.
· FFS: for intra-cell Multi-DCI
· FFS: whether there are any restrictions needed
· FFS: if cross TRP RACH triggering is an optional feature




On the first FFS, which is on whether to support the feature for intra-cell M-DCI: 
· For CFRA, depending on the configured CFRA resources, in general it would be possible for one TRP to trigger RACH procedure through PDCCH order towards another TRP in the same cell. We don’t really see any strong reason on why to restrict the operation for the intra-cell case, especially that this feature is now agreed for the intercell case.
· For CBRA, as can be seen in the following Conclusion in RAN1#111, it was concluded that there is no consensus to support enhancements.

Proposal 5: For intra-cell multi-DCI based M-TRP operation with two TA enhancement, confirm that the case where a PDCCH order sent by one TRP triggers RACH procedure towards either the same TRP or a different TRP can be supported for CFRA (at least depending on the CFRA configuration). 
· FFS if any related aspect needs to be clarified or enhanced. 


	Conclusion
For multi-DCI based Multi-TRP operation with two TA enhancement, there is no consensus to support enhancements for CBRA triggered by PDCCH order.




On the second FFS, which is on whether there are any restrictions needed when one TRP triggers PRACH towards another TRP:
· Since the focus is on M-DCI mode, it’s expected that the backhaul between the two TRPs is not ideal, which would then result in some delay when the two TRPs need to coordinate or exchange information. When one TRP triggers PRACH towards another TRP, the latter TRP would need to inform the triggering TRP at least e.g. about correct reception of PRACH. As discussed above, whether RAR reception from a non-serving cell is to be supported or not was discussed in RAN1#111 but without reaching any agreement. A majority of companies showed preference to not support RAR reception from a non-serving cell. This resulted in the following FL proposal in RAN1#111:

	Proposal 5 
For inter-cell multi-DCI based Multi-TRP operation with two TA enhancement, support PDCCH scheduling RAR always being received from serving cell
· there is no need for additional type 1 CSS configuration per additional PCI




· Based on the above proposal, the UE would monitor the RAR on the TRP in the serving cell. However, if there would be a delay incurred due to non-ideal backhaul, it should be discussed whether/how to account for such delay. Specifically, based on legacy procedures, the UE would start monitoring RAR while the serving cell TRP may not be ready to send this RAR yet due to such delays. 

Proposal 6: For the case where a PDCCH order sent by one TRP triggers RACH procedure towards a different TRP for inter-cell, and if PDCCH scheduling RAR is always being received from serving cell, 
discuss: 
· whether/how to account for backhaul delay for the monitoring the corresponding RAR,
· whether this delay has any impact on RAR window length.

On the third FFS, which is on whether cross TRP RACH triggering is an optional feature: in our view, whether this is optional or not could be left up to UE features discussions.

Proposal 7: Whether cross-TRP RACH triggering is an optional feature is left up to UE features discussions

Impact on PRACH transmission power
Considering at least that one TRP can trigger PRACH transmission towards another TRP, where these two TRPs belongs to a same cell (in case of intra-cell M-TRP) or to different cells (in case of intercell M-TRP), it should be discussed whether this would result in any impact on the PRACH transmission power calculation; recall that this operation is agreed for the CFRA case. The legacy PRACH transmission power calculation is as follows (see TS 38.213):

	A UE determines a transmission power for a physical random access channel (PRACH), [image: ], on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] based on DL RS for serving cell [image: ] in transmission occasion [image: ] as 
	[image: ] [dBm],
where [image: ] is the UE configured maximum output power defined in [8-1, TS 38.101-1], [8-2, TS 38.101-2] and [8-3, TS 38.101-3] for carrier [image: ] of serving cell [image: ] within transmission occasion [image: ], [image: ] is the PRACH target reception power PREAMBLE_RECEIVED_TARGET_POWER provided by higher layers [11, TS 38.321] for the active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], and [image: ] is a pathloss for the active UL BWP [image: ] of carrier [image: ] based on the DL RS associated with the PRACH transmission on the active DL BWP of serving cell [image: ] and calculated by the UE in dB as referenceSignalPower – higher layer filtered RSRP in dBm, where RSRP is defined in [7, TS 38.215] and the higher layer filter configuration is defined in [12, TS 38.331]. If the active DL BWP is the initial DL BWP and for SS/PBCH block and CORESET multiplexing pattern 2 or 3, as described in clause 13, the UE determines [image: ] based on the SS/PBCH block associated with the PRACH transmission.
If a PRACH transmission from a UE is not in response to a detection of a PDCCH order by the UE, or is in response to a detection of a PDCCH order by the UE that triggers a contention based random access procedure, or is associated with a link recovery procedure where a corresponding index [image: ] is associated with a SS/PBCH block, as described in clause 6, referenceSignalPower is provided by ss-PBCH-BlockPower. 
[bookmark: _Hlk528933777]If a PRACH transmission from a UE is in response to a detection of a PDCCH order by the UE that triggers a contention-free random access procedure and depending on the DL RS that the DM-RS of the PDCCH order is quasi-collocated with as described in clause 10.1, referenceSignalPower is provided by ss-PBCH-BlockPower or, if the UE is configured resources for a periodic CSI-RS reception or the PRACH transmission is associated with a link recovery procedure where a corresponding index [image: ] is associated with a periodic CSI-RS configuration as described in clause 6, referenceSignalPower is obtained by ss-PBCH-BlockPower and powerControlOffsetSS where powerControlOffsetSS provides an offset of CSI-RS transmission power relative to SS/PBCH block transmission power [6, TS 38.214]. If powerControlOffsetSS is not provided to the UE, the UE assumes an offset of 0 dB. If the active TCI state for the PDCCH that provides the PDCCH order includes two RS, the UE expects that one RS is configured with qcl-Type set to 'typeD' and the UE uses the one RS when applying a value provided by powerControlOffsetSS.



As can be seen above, the case with PDCCH order along with CFRA relies on the assumption that the RS used for power calculation is based on the DL-RS the PDCCH order is quasi-collocated with. This DL-RS is then used for pathloss determination. In addition, another element in the above power formula is the preambleReceivedTargetPower. Whether/how these aspects and assumptions are impacted by allowing one TRP to trigger PRACH transmission towards another TRP, where these two TRPs can be in the same cell or in different cells, should be discussed.
 
Proposal 8: Discuss whether/how the PRACH transmission power determination is impacted, at least when one TRP triggers (through PDCCH order and CFRA) PRACH transmission towards another TRP.

Remaining aspects on DL reference timings

In RAN1#110bis-e, the support of two DL reference timings was agreed, as can be seen in the following agreement.

	Agreement
For multi-DCI multi-TRP operation with two TAs in a CC, two DL reference timings are supported where each DL reference timing is associated with one TAG
· baseline assumption is that the Rx timing difference between the two DL reference timings is no larger than CP length 
· as an optional UE capability, Rx timing difference between the two DL reference timings can be assumed to be larger than CP length
· FFS: the maximum Rx timing difference (could be up to RAN4)
· Other than UE capability details and relevant configuration, no additional RAN1 specification enhancement specific for this case is expected



[image: ]
Figure 1: Example illustrating applying two TAs considering two respective reference timings. 

[bookmark: _Hlk110508253]One remaining aspect regarding the DL reference timings is how to enable or define a reference timing per TRP. In our view, in order to enable/define a DL reference timing per TRP, an association of at least one DL RS, such as TRSs or SSBs, to a respective TAG (given that the support of two TAGs within a serving cell is agreed) and thus TRP would be needed. Then, for a given TA loop / TAG, the TA would be adjusted with respect to the corresponding DL reference timing.

Proposal 9: Discuss the association of DL RSs to TAGs/TRPs to enable two DL reference timings.


Considerations on new PCI activation and TCI state/ spatial relation update 
In this section, we will discuss potential considerations when a new PCI is activated (for inter-cell cases) and when at least one TCI state or spatial relation is updated. 
When a new additional PCI is activated via TCI state or spatial relation activation/indication
Recall that Rel-17 agreed that for inter-cell multi-TRP, one additional PCI, other than the serving cell’s PCI, is activated when one or more activated TCI states for PDSCH/PDCCH (which is associated with a CORESETPoolIndex) are associated with this additional PCI. Similar consideration, which may also be generalized to cover UL/joint TCI states under the unified TCI framework, on when an additional PCI is considered as activated could be used in Rel-18. 

[bookmark: _Hlk115334196]Assuming that two TAs are maintained, when a new additional PCI is activated, e.g., through the activation of at least one TCI state associated with that PCI, it should be discussed how the second TA will be updated; here we assume that the first TA corresponds to the TRP in the serving cell. One might argue that PDCCH order could be always used to trigger PRACH towards the TRP corresponding to the new PCI. However, this would increase the DL overhead and there is always a risk that the UE doesn’t correctly receive the PDCCH order. Thus, enabling the UE to autonomously decide to trigger PRACH could be considered in this case. Besides, if the propagation delay difference between the TRP corresponding to previously activated additional PCI (if any) and the newly activated additional PCI is relatively small, then PRACH may not be even needed in this case since the UE could autonomously adjust the TA. The UE could simply start or be allowed to transmitting other UL transmissions considering the latest update of the second TA.  

Observation 3: When an additional PCI is activated, PRACH transmission towards the TRP corresponding to this PCI may not be always needed. Specifically, sending PRACH may not be always needed e.g., depending on whether the UE determines that autonomous adjustment of the TA is enough to correct the misalignment that has resulted due to the switch to the new PCI. Besides, when PRACH is needed, always using a PDCCH order would increase the DL overhead and there is anyway a risk that the UE doesn’t correctly receive the PDCCH order.

Proposal 10: Discuss considerations for when an additional PCI is activated, including the UE deciding whether a PRACH transmission is needed.

Considerations in case of indicated TCI state update
With Option 1 (listed in the agreement in Section 2.2), a TCI state is associated to a TAG. When a new TCI state is indicated per a given TRP/CORESETPoolIndex, and even if associated with the same TAG, the propagation delay difference between the previously indicated TCI state and the newly indicated TCI state may range from relatively small to relatively large. And this could be determined/estimated by the UE. When, the propagation delay difference is relatively large, the UE would need to transmit PRACH. However, transmitting PRACH would clearly incur delay. Another possibility would be to exploit the occasions with longer CP duration, which occur (somewhat more frequently) each 0.5 ms. Such occasions could be used to transmit some e.g., configured UL channel/signal such an SRS, which is then used by the network to determine/calculate the corresponding TA or TA adjustment. This doesn’t fully replace PRACH which would still be needed at least as a fallback option, but nicely complements the system operation with a configuration which already existing in the system!

Observation 4: When a new TCI state is indicated for a given TAG, the UE could determine whether or not a relatively large TA adjustment is required for the TA loop of that TAG.

Observation 5: Transmission occasions with longer CP duration, which occur each 0.5 ms, are more frequent than RACH occasions. Transmissions with longer CP allows the network to calculate/determine TA (or TA adjustment) after a TCI state update e.g., even when the TA misalignment is relatively large. 
 
Proposal 11: In case of update/switch of (indicated) TCI state, consider the longer CP transmission occasions allowing the network determining the TA (or TA adjustment) corresponding to the TCI state.

Further, in case of update/switch of TCI state, such as a new indicated TCI state or new activated TCI state which is associated with a new additional PCI (for inter-cell cases), the UE behavior regarding corresponding UL transmissions should be clearly defined during the transition period before this TCI state becomes applicable as well as immediately after it becomes applicable. For instance, after the TCI state becomes applicable, if the UE hasn’t yet received (relative or absolute) TA update or determined a TA adjustment, it should be clarified which TA loop, or TA corresponding to which TAG, the UE should use (if any), for corresponding UL transmissions – or even if the UE should not transmit these UL transmissions at least in some cases.

Proposal 12: Discuss whether there is a need to clarify the impact of TCI state update/switch on some UL transmissions at least before a corresponding TA update is obtained. 


TA loop activation, assistance information, and indication of one or two TA commands
TA loop activation/deactivation and assistance information 
First, for multi-TRP scenarios, our assumption is that it would be up to the network to determine whether, in addition to a first TA loop, a second TA loop needs to be activated. This may, for instance, depend on the UE location with respect to the two TRPs, i.e., whether the propagation delay difference (corresponding to the links between the UE and TRPs) is big or not. However, the network may not be aware of how big the propagation delay difference is at a given time, whereas the UE can be aware of such a difference based on DL RS (such as TRSs) measurements. Thus, it should be discussed whether some (simple) assistance information from the UE would be beneficial so that the network is made aware of whether the propagation delay difference is sufficiently big/small or not. The network could then use such information in order to decide whether to activate/deactivate a TA loop of the two TA loops. One might argue that the network could always operate with two TA loops for a cell as long as it’s configured with multi-TRP, however this may not be efficient.

Observation 6: Assistance information from the UE on whether the propagation delay difference between DL RSs from the two TRPs is sufficiently big/small could help the network in deciding whether one or two TA loops should be activated for the UE.

Proposal 13: RAN1 to discuss the importance of assistance information, provided by the UE, to assist the network in the decision of activating/deactivating a second TA loop, if such TA loop adaption is adopted.

Regardless of whether the assistance information (discussed above) is adopted or not, the activation by the network of a second TA loop, in addition to a first active TA loop, should be discussed. Specifically, it should be discussed how the UE is activated with a second TA loop, or whether both TA loops would be active from the beginning, e.g., after RRC (re)configuration indicating two (activated) TA loops, and stay active until some RRC reconfiguration, e.g., indicating a single (activated) TA loop.

Proposal 14: RAN1 to discuss the need and enablers for indicating the activation/deactivation of a second TA loop, when a first TA loop is active.

Indication of one or two TA commands
Considering the Rel-18 support of two TAs for multi-TRP, the network may not necessarily always indicate the UE with two TACs (timing advance commands). In legacy, the UE receives the initial (absolute) timing advance value in a RAR (random access response) message. Timing advance value can then be updated with a MAC CE giving a TAC with a relative TA value. 

When the network decides to indicate two TACs for the UE, similar ways of carrying one TAC in legacy can be essentially used, i.e., through RAR and MAC CE. For MAC-CE updates of the relative TA, the legacy MAC-CE could be for instance associated with CORESETPoolIndex#0 and a new MAC-CE, following a similar design as the legacy, could be introduced and be associated with CORESETpoolIndex#1. Another approach would be to provide one or two TACs using the same MAC CE, where an indication could be used to inform the UE whether the MAC CE contains one or two TACs.

[bookmark: _Hlk528168953][bookmark: _Hlk86659734]Proposal 15: Discuss ways for indicating one or two TA commands for multi-TRP scenarios.

  Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we discuss the use of two TAs considering UL multi-DCI for multi-TRP operation. The following observations and proposals are made: 

Proposal 1: For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, select the following option: 
· Option 2, with or without aspects from Option 4, (1st preference): Associate TAG to CORESETPoolIndex.
configured UL resources/transmissions can be associated to a CORESETPoolIndex (based on Option 2) or to a TAG (based on Option 4).

Proposal 2: For handling overlapping part between two UL transmissions associated with two TAs, if the UE doesn’t support simultaneous UL transmissions, support any of the following approaches:
· Drop one UL transmission, where the decision of which UL transmission to drop is based on some simple rule(s).
· Introduce some scheduling constraints in the time domain to avoid overlaps, where this is guaranteed by the network.

Observation 1: In case of two TAs and if the UE supports simultaneous UL transmissions, which could be partially overlapping in time, no special handling seems required for the scenarios where two UL transmissions overlap due to the application of two TAs.

Proposal 3: Confirm the following RAN1#111 Working Assumption:
For multi-DCI based inter-cell Multi-TRP operation with two TA enhancement, one additional PRACH configuration is supported for each configured additional PCI
· the additional PRACH configuration is used in a RACH procedure triggered by a PDCCH order for the corresponding configured additional PCI 

Observation 2: In contrast with Alt.1 (i.e., PDCCH scheduling RAR will always be received from serving cell), Alt.2 (i.e., reception of PDCCH scheduling RAR from a TRP corresponding to an additional PCI for a RACH procedure associated to the additional PCI is supported) has the advantage of not incurring delays in the RACH procedure. However, Alt.2 deviates from the Rel-17 M-TRP assumption under which non-UE dedicated channels are expected to come from the serving cell.

Proposal 4: For inter-cell multi-DCI based multi-TRP operation with two TA enhancement, support the possibility for the gNB to configure any of the following alternatives:
· Alt 1 : PDCCH scheduling RAR will always be received from serving cell, which implies that there is no need for additional Type 1 CSS configuration per additional PCI.
· Alt. 2 : In addition to PDCCH scheduling RAR being received from serving cell, reception of PDCCH scheduling RAR from a TRP corresponding to an additional PCI for a RACH procedure associated to the additional PCI is supported. 
· The UE may have to use a QCL assumption corresponding to the additional PCI to monitor Type 1 CSS.
· FFS: whether the UE needs to be defined with multiple Type 1 CSS or not.

Proposal 5: For intra-cell multi-DCI based M-TRP operation with two TA enhancement, confirm that the case where a PDCCH order sent by one TRP triggers RACH procedure towards either the same TRP or a different TRP can be supported for CFRA (at least depending on the CFRA configuration). 
FFS if any related aspect needs to be clarified or enhanced.

Proposal 6: For the case where a PDCCH order sent by one TRP triggers RACH procedure towards a different TRP for inter-cell, and if PDCCH scheduling RAR is always being received from serving cell, 
discuss: 
· whether/how to account for backhaul delay for the monitoring the corresponding RAR,
· whether this delay has any impact on RAR window length.

Proposal 7: Whether cross-TRP RACH triggering is an optional feature is left up to UE features discussions

Proposal 8: Discuss whether/how the PRACH transmission power determination is impacted, at least when one TRP triggers (through PDCCH order and CFRA) PRACH transmission towards another TRP.

Proposal 9: Discuss the association of DL RSs to TAGs/TRPs to enable two DL reference timings.

Observation 3: When an additional PCI is activated, PRACH transmission towards the TRP corresponding to this PCI may not be always needed. Specifically, sending PRACH may not be always needed e.g., depending on whether the UE determines that autonomous adjustment of the TA is enough to correct the misalignment that has resulted due to the switch to the new PCI. Besides, when PRACH is needed, always using a PDCCH order would increase the DL overhead and there is anyway a risk that the UE doesn’t correctly receive the PDCCH order.

Proposal 10: Discuss considerations for when an additional PCI is activated, including the UE deciding whether a PRACH transmission is needed.

Observation 4: When a new TCI state is indicated for a given TAG, the UE could determine whether or not a relatively large TA adjustment is required for the TA loop of that TAG.

Observation 5: Transmission occasions with longer CP duration, which occur each 0.5 ms, are more frequent than RACH occasions. Transmissions with longer CP allows the network to calculate/determine TA (or TA adjustment) after a TCI state update e.g., even when the TA misalignment is relatively large. 
 
Proposal 11: In case of update/switch of (indicated) TCI state, consider the longer CP transmission occasions allowing the network determining the TA (or TA adjustment) corresponding to the TCI state.


Proposal 12: Discuss whether there is a need to clarify the impact of TCI state update/switch on some UL transmissions at least before a corresponding TA update is obtained. 

Observation 6: Assistance information from the UE on whether the propagation delay difference between DL RSs from the two TRPs is sufficiently big/small could help the network in deciding whether one or two TA loops should be activated for the UE.

Proposal 13: RAN1 to discuss the importance of assistance information, provided by the UE, to assist the network in the decision of activating/deactivating a second TA loop, if such TA loop adaption is adopted.

Proposal 14: RAN1 to discuss the need and enablers for indicating the activation/deactivation of a second TA loop, when a first TA loop is active.

Proposal 15: Discuss ways for indicating one or two TA commands for multi-TRP scenarios.
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