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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, RAN1#111, RAN1#112, and RAN1#112bis-e for which the related FL summaries can be found in R1-2205209, R1-2207800 & R1-2208016, R1-2210304 & R1-2210468, R1-2212589 & R1-2212775 & R1-2212862, R1-2301904 & R1-2302044, and R1-2304055, respectively.




  Discussion
Association of UL channels/signals to TAGs 
The association of UL channels/signals to TAGs has been extensively discussed in the previous RAN1 meetings, and the following agreement was made in RAN1#112:

	Agreement
[bookmark: _Hlk130305865]For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, support the following:
Associate TAG to TCI-state
· Associate TAG ID with UL/joint TCI state 
· For UL transmission, the TAG ID associated with the UL/joint TCI state is utilized
· A baseline is UE expects that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESET Pool Index correspond to one TAG
· [bookmark: _Hlk130289836]Working Assumption: A UE may report that it supports that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESETPoolIndex correspond to both TAGs
FFS: on how to handle association when Rel-15/16 spatial relation framework is used for
· PUCCH
· DG/CG Type 1/Type 2 PUSCH
· AP/SP/P SRS




The open points in the above agreement were considered in RAN1#112bis-e’s discussions but without reaching any consensus. The following can be observed from those discussions (see e.g., R1-2304055):
· Large majority of companies supported the removal of the term “activated” and keeping “of UL signals/channels”.
· The views were split on the support of the Working Assumption.
· On the FFS point considering the association for Rel-15/16 spatial relation framework, at least the support for the FR2 case by associating TAG to Rel-15/16 spatial relation received the support of many companies.

In the following, we further discuss the above points.

- On “A baseline is UE expects that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESET Pool Index correspond to one TAG”, our understanding is that the intention of this bullet-point is to basically associate ‘all TCI states of all signals/channels corresponding to one TRP’ to a same TAG ID. 
- On whether to keep the terms “activated” and “of UL signals/channels” in this bullet-point:
· Since some resources (such as SRS resources) may be configured not to follow an indicated (UL/joint) TCI state which is selected from the set of active TCI states, then the term “activated” would need to be removed in order to cover all cases; and not just TCI state(s) from the set of active TCI states. For the baseline case, the gNB could make sure that the active TCI states corresponding to a CORESETPoolIndex are associated to a same TAG.
· [bookmark: _Hlk134114055]Under the agenda item 9.1.1.1, the association between various UL channels/signals and CORESETPoolIndex and several aspects were already agreed. Such an association may either be (i) direct or (ii) indirect through associating TCI state applicable to an UL channel/signal to a CORESETPoolIndex. In general, the association is achieved through the configuration of whether to follow first or second indicated TCI state. If “UL/joint TCI states” is kept in “A baseline is UE expects that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESET Pool Index correspond to one TAG”, it would be more understood that the ‘UL signals/channels’ is associated to CORESETPoolIndex rather than UL/joint TCI state. We thus slightly prefer to remove ‘UL signals/channels’ or clarify that the association is referring to the ‘UL/joint TCI state'. 

- The Working Assumption on allowing TCI states associated to a CORESETPoolIndex to correspond to two TAGs would allow more flexible solution, as one TRP can schedule UL transmission towards another TRP. Hence, we are fine with confirming this Working assumption.

Proposal 1: RAN1 to confirm the Working assumption and adopt the suggested changes in red in the following agreement:
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, support the following:
· Associate TAG ID with UL/joint TCI state 
· For UL transmission, the TAG ID associated with the UL/joint TCI state is utilized
· A baseline is UE expects that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESET Pool Index correspond to one TAG
· Working Assumption: A UE may report that it supports that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESETPoolIndex correspond to both TAGs

- On the last FFS in the above agreement, 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.




It seems that not supporting Rel-15/Rel-16 could save us a lot of additional discussions and specification efforts. This is because there is no explicit association of spatial relations to TRP/CORESETPoolIndex in Rel-15/Rel-16 framework. In addition, there would be a need to discuss the FR1 case and whether to use spatial relation info or power control info in this case. Nevertheless, it is worth spending some more efforts on finding a simple solution for Rel-15/16 framework to make sure that Rel-18 multi-TA enhancement is not always binded together with the unified TCI signaling framework. At least the FR2 case could be supported considering at least partially the following FL proposal from RAN1#112bis-e:

	Proposal 1.1:
[bookmark: _Hlk134114346]For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, support the following additionally:
Associate TAG to Rel-15/16 spatial relation at least for FR2
· Associate TAG ID with spatial relation 
· For UL transmission, the TAG ID associated with Rel-15/16 spatial relation is utilized
· A baseline is UE expects that the [activated] spatial relation [of UL signals/channels] associated to one CORESET Pool Index correspond to one TAG
· FFS: A UE may report that it supports that the [activated] spatial relation [of UL signals/channels] associated to one CORESETPoolIndex correspond to both TAGs




[bookmark: _Hlk131755114]Proposal 2: RAN1 to investigate and prioritize simple solutions that enable multi-TA operation with Rel-15/16 spatial relation framework to avoid significant specification changes.  

Proposal 3: For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation under the Rel-15/16 spatial relation framework, support the following at least for FR2:
· Associate TAG ID with spatial relation 
· For UL transmission, the TAG ID associated with Rel-15/16 spatial relation is utilized

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 made 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




In addition, the following related agreement was made in RAN1#112:

	Agreement
[bookmark: _Hlk130292719]For multi-DCI based Multi-TRP operation with two TA enhancement, for the case when the UE does not support UL STxMP transmission, down-select at least one of the following in RAN1#112bis-e:
· Alt 1:  Introducing a time gap X between two UL transmissions associated with two different TA values
· E.g., X symbols in the slot(s) corresponding to the two UL transmission remain unused
· FFS: How X is determined
· [bookmark: _Hlk134086653]Alt 2:  Reduce the overlapping duration of one of the two UL transmissions
· Alt 3:  Scheduling restriction is applied such that the UE does not expect the two UL transmissions to overlap
· Other alternatives are not precluded
TBD: how to capture the downselected alternative(s) in the specifications in case specification impact is deemed needed.




The above alternatives were discussed in RAN1#112bis-e along with the following proposals:

	Proposal 5.1 
For multi-DCI based Multi-TRP operation with two TA enhancement, for the case when the UE does not support UL STxMP transmission, the overlapping duration of one of the two UL transmissions is reduced. 
FFS: The overlapping duration of which one of the two UL transmissions is reduced
Proposal 5Alt 
For multi-DCI based Multi-TRP operation with two TA enhancement, for the case when the UE does not support UL STxMP transmission, there is no consensus to introduce a time gap X between two UL transmissions associated with two different Tas nor to reduce the overlapping duration of one of the two UL transmissions.  Hence, scheduling restriction is applied by gNB implementation such that the UE does not expect the two UL transmissions to overlap



[bookmark: _Hlk134626391]The main difference between Alt.1 and Alt.3 is that Alt.1 requires some specs impact to define the proposed ‘gap’, whereas Alt.3 relies on gNB implementation to ensure such a gap is there. On the other side, with Alt.2 the TRPs may not be aware of whether the UE has applied any ‘reduction’ of overlapping duration, and this would then result in ambiguity between for at least one of the TRPs. Thus, this alternative is not preferrable, unless some enhancements are introduced to avoid any ambiguity/discrepancy between the UE and gNB/TRP(s) regarding the reducing of the overlapping duration of one of the two UL transmissions.

Considering the above observations: 
· We still prefer to agree on Alt.3 as this would not lead to ambiguity at the gNB side. 
· It should be noted that, although the above Conclusion states that it cannot always be assumed that both TRPs have knowledge of the overlapping region between transmissions corresponding to the two TAs, it notes that this doesn’t prevent the network from applying scheduling restrictions even if the TRPs have no knowledge of the overlapping region. 
· In RAN1#112bis-e, it was discussed whether with Alt.3 the specs should reflect “UE doesn’t expect …”. In our view, there is no harm having that captured in the specs if Alt.3 is agreed, as this would only be a minor addition to the specs
· Having said that, we would also be fine with Alt.2 only if some enhancements are introduced to avoid any ambiguity between the UE and gNB/TRP(s) regarding the reducing of the overlapping duration of one of the two UL transmissions.

Proposal 4: For multi-DCI based multi-TRP operation with two TA enhancement, for the case where the UE does not support UL STxMP transmission, support either Alt.3 or Alt.2 (updated as shown below):
· Alt.3: Scheduling restriction is applied such that the UE does not expect the two UL transmissions to overlap.
· Alt.2: Reduce the overlapping duration of one of the two UL transmissions. 
· Discuss how to avoid discrepancy/ambiguity between the UE and the TRPs regarding the reducing of the overlapping duration of one of the two UL transmissions. 

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 at least 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 at least 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
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. This aspect was discussed in RAN1#112 but without reaching a consensus.
· For CBRA, as can be seen in the following Conclusion in RAN1#111, it was concluded that there is no consensus to support enhancements.

	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.




In RAN1#112bis-e, the above aspect was further discussed where the following Working Assumption was made:

	Working Assumption
[bookmark: _Hlk134088733]For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, support the case where a PDCCH order sent by TRPX triggers RACH procedure towards either TRPX or TRPY. 
· FFS: details of PRACH power control




We suggest confirming the above Working Assumption for the reasons mentioned above.

Proposal 5: Confirm the following Working Assumption:
· For intra-cell multi-DCI based multi-TRP operation with two TA enhancement, support the case where a PDCCH order sent by TRPX triggers RACH procedure towards either TRPX or TRPY. 
· FFS: details of PRACH power control

On the second FFS, which is on whether there are is any restriction 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. Note that RAR reception from a non-serving cell is potentially not supported based on the following RAN1#112 conclusion:
	Conclusion
For inter-cell multi-DCI based multi-TRP operation with two TA enhancement, there is no consensus to introduce additional type 1 CSS configuration per additional PCI.




· Based on the above, 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. Hence, it would be good to consider the impact of such delays, i.e., specifically how to account for backhaul delays for the monitoring of corresponding RAR and the impact on RAR window length (if any). On how this would impact the RAR monitoring, we think that the start of RAR monitoring could be shifted based on a configured/indicated number of PDCCH occasions or time period.

[bookmark: _Hlk131755173]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: 
· Support accounting for backhaul delay for the monitoring the corresponding RAR by shifting the start of RAR monitoring based on a configured or indicated number of PDCCH occasions or a time period, and
· Study how/whether this delay would impact the RAR window length.

[bookmark: _Hlk134702877]On the third FFS, which is on whether cross TRP RACH triggering is an optional feature: in principle, whether this is optional or not could be left up to UE features discussions. Overall, one could claim that the baseline feature wouldn’t necessarily require the support of cross TRP PDCCH order, as each TRP could still trigger the UE to transmit PRACH towards this TRP. At the same time, cross TRP RACH triggering offers several benefits such as offloading some TRP or allowing UL transmissions to be triggered/tailored mostly towards a given TRP, and thus it could be beneficial to consider the support of this feature as a ‘basic’ feature.

Observation 2: Basic multi-TA MIMO feature may not necessarily require the support of cross TRP PDCCH order, as each TRP could still trigger the UE to transmit PRACH towards this TRP. At the same time, cross TRP RACH triggering offers several benefits such as offloading some TRP or allowing UL transmissions to be triggered/tailored mostly towards a given TRP, and thus it could be beneficial to consider the support of this feature as a ‘basic’ feature.

Proposal 7: Whether or not cross-TRP RACH triggering is an optional feature is left up to UE features discussions.

On whether to support RAR-less based solution:
In RAN1#112bis-e, the following agreement was made on the support of RAR-based solution where RAR is only received from a TRP that is associated with Type 1 CSS.

	Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, support at least RAR-based solution where RAR is only received from a TRP that is associated with Type 1 CSS
· RAR based
· FFS: RAR-less solution reusing the solution agreed in Rel-18 Mobility Enh



On the FFS point, the RAR-less approach relies on Rel-18 LTM, however we think that the MIMO objective (i.e., multi-TA for M-DCI MTRP) shouldn’t be coupled with the LTM objective. In addition, we don’t see the issue with supporting the agreed RAR-based solution only. Specifically, cross-TRP PDCCH order is used with CFRA, so UE transmits PRACH and gNB sends RAR (from serving cell) that includes ‘Absolute timing advance’. In contrast to RAR-less solution, the agreed RAR-based solution would allow achieving what we want without the need for a ‘new MAC CE’ and without discussing new procedures or at least updating existing procedures. And we don’t see any strong justification to discuss and support those for the multi-TA MIMO objective.

Observation 3: RAR-less solution would require introducing a new MAC CE and defining new procedures or at least updating existing procedures. And there is no strong justification to discuss support those for the multi-TA MIMO objective. The agreed RAR-based solution is sufficient.

Proposal 8: For multi-DCI based multi-TRP operation with two TA enhancement, do not support RAR-less solution.

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. 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. 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.

This aspect was discussed in RAN1#112bis-e, where the following agreement was made:

	Agreement
For multi-DCI based inter-cell multi-TRP and intra-cell multi-TRP operation with two TAGs configured in a CC, for a CFRA based PDCCH order from one TRP triggering PRACH towards another TRP, study whether and, if needed, how to determine the transmit power of the triggered PRACH preamble



In case of cross-TRP PDCCH-ordered PRACH, the DL-RS the PDCCH is quasi-collocated with and the PRACH transmission corresponds to different TRPs/ directions. We thus think that the assumption on the DL-RS used for the PRACH power calculation should be modified so that suitable pathloss estimation is guaranteed. Specifically, pathloss estimation should be based on the SSB corresponding to the PRACH transmission in this case to correctly reflect the pathloss.

From another perspective, as can be seen from the PRACH transmission power formula, PRACH target reception power is the same regardless of the cell/TRP towards which the PRACH is being transmitted. However, suitable preambleReceivedTargetPower may differ between cells/TRPs. Hence, at least for the inter-cell case, PRACH target reception power may be configured per PCI/TRP.

Proposal 9: For cross-TRP PDCCH ordered PRACH, for pathloss estimation for PRACH transmission power calculation: the UE shall use the SSB corresponding to the PRACH transmission.

Proposal 10: For cross-TRP PDCCH ordered PRACH, for PRACH transmission power consider configuring different preambleReceivedTargetPower for different PCIs/TRPs.

TAG ID indication
In RAN1#112bis-e, the following Conclusion was made regarding TAG ID indication:
	Conclusion 
For multi-DCI based Multi-TRP operation with two TA enhancement, how to indicate the TAG ID via absolute TA command MAC CE is left up to RAN2:
· One of two TAG IDs configured in the SpCell can be indicated




It’s clear from this conclusion that how TAG ID is indicated via absolute TA command MAC CE is up to RAN2.

A somewhat related agreement listing three alternatives was made in RAN1#112bis-e:

	Agreement
For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, down-select one of the following alternatives:
· Alt 1: indicate TAG ID as part of TA command in RAR
· Alt 2: indicate TAG ID as part of PDCCH order
· Alt 3: divide SSBs into two groups, one for each TRP. If a SSB associated to a RACH procedure belongs to the nth group (n=1, 2), then the TA obtained via the RACH procedure corresponds to the nth TRP.




In our view, similar to TAG ID indication via absolute TA command MAC CE, we think there is a need for TAG ID indication as part of the TA command RAR. This is essentially to inform the UE which TAG, and thus which TA loop, to associate the indicated TA command with. Note that this indication to the UE would be especially needed in case the UE initiates RACH based on CBRA.

Similar to the conclusion made for TAG ID indication via absolute TA command MAC CE, the design details of the indication of TAG ID as part of TA command in RAR could be left up to RAN2.

Proposal 11: For intra-cell multi-DCI based multi-TRP operation with two TA enhancement, adopt Alt 1: indicate TAG ID as part of TA command in RAR.
· Design details are left up to RAN2.
PRACH configuration related indication
For the intercell case, on the indication of which PRACH configuration to use in the RACH procedure, the following agreement was made in RAN1#112bis-e: 

	Agreement
[bookmark: _Hlk134121553]For intercell multi-DCI based Multi-TRP operation with two TA enhancement, support indication of which PRACH configuration to be used in the RACH procedure in the PDCCH order.
· [bookmark: _Hlk134120468]FFS: Whether additionalPCI or a generic identifier is indicated in PDCCH order
· FFS: The detail of the indication in PDCCH order in terms of whether to support PRACH triggered for inactive additionalPCI.



On the first FFS point, to inform the UE about which PRACH configuration to use, additionalPCI would need to be indicated in the PDCCH order. On the second FFS point, it seems that no distinction is needed regarding whether the additionalPCI is active or inactive, as the UE is anyway aware whether a PCI is active or not.

Proposal 12: For intercell multi-DCI based multi-TRP operation with two-TA enhancement, support indication of which PRACH configuration to be used in the RACH procedure by indicating additionalPCI in the PDCCH order.

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]This aspect has also been discussed in the last RAN4 meeting (see R4-2303258), where the following proposals have been on the table:
	Proposals 
· P1: Clause 7.1: some clarification may be needed in the Introduction section regarding reference for UL Tx timing
· P2: The UE is required to track DL RS associated to each activated UL TCI state (or joint TCI state) and use it as time reference for UL transmission. 
· P3: Single reference timing is feasible.
· P4: RAN4 need to study how to select the DL reference timing for each TAG on a CC and RAN1’s inputs on TAG association are needed.
· P5: RAN4 should discuss whether single reference timing shall be considered or not and if it is considered.
· P6: FFS, more RAN1 inputs are needed. 




It’s worth recalling that in legacy, the DL timing is described as ‘first detected path’ as can be seen in the following RAN4 specs text (copied from TS 38.133):
	The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus [image: ]. The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame used by the UE to determine downlink timing is received from the reference cell at UE antenna. NTA for PRACH is defined as 0.



As explained in Sec. 2.1, it’s worth recalling the following agreement regarding the association of UL signals/channels to TAGs was made in the last RAN1 meeting:
	Agreement
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, support the following:
Associate TAG to TCI-state
· Associate TAG ID with UL/joint TCI state 
· For UL transmission, the TAG ID associated with the UL/joint TCI state is utilized
· A baseline is UE expects that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESET Pool Index correspond to one TAG
· Working Assumption: A UE may report that it supports that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESETPoolIndex correspond to both TAGs
FFS: on how to handle association when Rel-15/16 spatial relation framework is used for
· PUCCH
· DG/CG Type 1/Type 2 PUSCH
· AP/SP/P SRS



The discussions regarding DL (reference) timing maintenance, be it in RAN1 and/or RAN4, should account for the above agreement as well as for the outcome (still to be discussed) regarding some of the open points in this agreement. In that regard, we provide the following observations:
· For the purpose of associating signals and channels to TAGs, it was agreed to associate TAG ID with UL/joint TCI state. However, there is also the following working assumption: 
“A UE may report that it supports that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESETPoolIndex correspond to both TAGs”.
Given that this Working assumption is reasonable and should be supported (as discussed in Sec. 2.1), this means that in some cases, a same CORESETPoolindex may correspond to two TAGs at a time.
· Hence, relying on DL RSs of TCI states associated with a CORESETPoolIndex to maintain DL timing of the TRP corresponding to this CORESETPoolIndex may not always work.

Proposal 13: The discussions on maintaining two DL (reference) timings for a serving cell should account for the agreement(s) on associating UL signals/channels to TAG.

Overall, as already agreed, two DL timings would need to be maintained at the UE, where each DL timing should correspond to a TAG/TRP. Two main aspects would need to be discussed in that regard:
· Aspect 1: Which DL RSs could be used for maintaining DL timing of each TAG/TRP.
· Aspect 2: When should the UE start (and even stop) maintaining DL timing of a TAG/TRP.

- On Aspect 1: Given that a CORESETPoolIndex may be associated with TCI states corresponding to two TAGs, we suggest that the DL RSs corresponding to a TAG are used to maintain DL timing for that TAG. This should not necessarily be restricted to DL RSs corresponding to active TCI states associated with that TAG.

Proposal 14: For enabling two DL (reference) timing for two TAGs of a serving cell, DL RSs corresponding to a TAG could be used for maintaining DL timing of this TAG.

- On Aspect 2: The UE may initially start maintaining one DL timing, but then at some point it would need to start maintaining a second DL timing. This is valid for the intercell case where a new additionalPCI gets activated as well as for the intra-cell case. In general, one way could be the UE would start maintaining DL timing for a TAG after at least one TCI state (for UL signal(s)/channel(s)), which corresponds to this TAG, is indicated/activated. For instance, in case of intercell M-TRP, the activation of a (new) additionalPCI could be used as a starting point / trigger for starting the maintaining of the DL timing of the TAG corresponding to that PCI.

Proposal 15: For enabling two DL (reference) timing for two TAGs of a serving cell, consider that the UE starts maintaining DL timing for a TAG after at least one TCI state, which corresponds to this TAG, is activated/indicated. 
· For the intercell case, the activation of an additionalPCI is used as a starting point / trigger for starting the maintaining of the DL timing of the TAG corresponding to that PCI.

Considerations on new PCI activation and TCI state/ spatial relation update
In this section, we will discuss potential considerations needed 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
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 4: 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 16: For multi-DCI based multi-TRP operation with two-TA enhancement, when an additional PCI is activated, support the UE deciding whether a PRACH transmission is needed.

Considerations in case of indicated TCI state update
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 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. Specifically, we see that at least one of the following should be supported in this case:
· UE should refrain from transmitting those UL transmissions
· UE uses the latest TA value/update available of the TAG

Observation 5: A clarification is needed on the UE behavior when a TCI state(s) activation/update activates an additional PCI and before a TA update/command of the corresponding TAG is received by the UE.

Proposal 17: In case of TCI state(s) activation/update that activates an additional PCI, before TA update/command of the corresponding TAG is received by the UE, for the UL transmissions associated to this TCI state(s) support at least one of the following:
· UE should refrain from transmitting the UL transmissions
· UE uses the latest TA value/update available of the TAG.  

From another perspective, when a new TCI state is indicated per a given TRP, 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 6: 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 7: 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 18: 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.

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 8: 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 19: RAN1 supports 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 20: RAN1 supports dynamically 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 21: RAN1 to consider indicating the UE with one or two TA commands at a time for multi-TRP scenarios.

RRC parameter list
In this section, we provide potential list of RRC parameters, and more generally potential RAN2 parameters, based on the RAN1 agreements and based on our proposals in this contribution.

Proposal 22: Consider the potential RRC/RAN2 parameter list provided in Table 1.


Table 1: Potential RRC/RAN2 parameter list for two TAs for multi-DCI for multi-TRP.
	RAN2 parameter 
	Description (e.g., value range, existing or new parameter, etc.)
	Related agreements and proposals

	Configuration of two TAGs (timing advance groups) belonging to a serving cell (new/ extend legacy RRC parameter)
	Each TAG basically corresponds to a TRP. This is for both intra-cell and inter-cell M-TRP cases.
	Agreement (RAN1#110 Toulouse)
For multi-DCI based multi-TRP operation with two TAs, support configuring two TAGs belonging to a serving cell.

	Up to two n-TimingAdvanceOffset value per serving cell
(new/ extend legacy RRC parameter)
	Allows the gNB to configure one (as in legacy) or two n-TimingAdvanceOffset values per serving cell.
	Agreement (RAN1#110 Toulouse)
For multi-DCI multi-TRP operation with two TAs, up to two n-TimingAdvanceOffset value per serving cell is supported

	PRACH-configuration for additional PCIs
(new/ extend legacy RRC parameter)
	This should be based on legacy PRACH configuration, and for intercell M-TRP cases. 
	Working Assumption (RAN1#111 Toulouse)
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 

	void
	Up to RAN2 to decide whether there is a need to enhance CBRA procedure to support per TRP UE-initiated RACH procedure.
	Conclusion (RAN1#111 Toulouse)
For multi-DCI based Multi-TRP operation with two TA enhancement, it is up to RAN2 to decide whether there is a need to enhance CBRA procedure to support per TRP UE-initiated RACH procedure.

Agreement: Send LS to RAN2 regarding the above conclusion. Final LS in R1-2213004.

	Association of a TCI state TAG ID.
[Additional aspects are pending]
(new RRC parameter)
	A baseline is "UE expects that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESET Pool Index correspond to one TAG".
	Agreement (RAN1#112 Athens)
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, support the following:
Associate TAG to TCI-state
• Associate TAG ID with UL/joint TCI state 
• For UL transmission, the TAG ID associated with the UL/joint TCI state is utilized
• A baseline is UE expects that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESET Pool Index correspond to one TAG
• Working Assumption: A UE may report that it supports that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESETPoolIndex correspond to both TAGs
FFS: on how to handle association when Rel-15/16 spatial relation framework is used for
• PUCCH
• DG/CG Type 1/Type 2 PUSCH
• AP/SP/P SRS

	void
	Up to RAN2 to design the details of the indication of TAG ID via absolute command MAC CE.
	Conclusion (RAN1#112bis-e)
For multi-DCI based Multi-TRP operation with two TA enhancement, how to indicate the TAG ID via absolute TA command MAC CE is left up to RAN2:
• One of two TAG IDs configured in the SpCell can be indicated

	
	
	

	Association of a spatial relation to a TAG ID
(new RRC parameter)
	Associate TAG ID with (Rel-15/16) spatial relation
	Proposal 3: For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation under the Rel-15/16 spatial relation framework, support the following at least for FR2:
· Associate TAG ID with spatial relation 
· For UL transmission, the TAG ID associated with Rel-15/16 spatial relation is utilized


	Configured number of PDCCH occasions (or configured time period)
(new RRC parameter)
	Shifting the start of RAR monitoring based on a configured or indicated number of PDCCH occasions or a time period
	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: 
· Support accounting for backhaul delay for the monitoring the corresponding RAR by shifting the start of RAR monitoring based on a configured or indicated number of PDCCH occasions or a time period, and
· Study how/whether this delay would impact the RAR window length.


	preambleReceivedTargetPower for different (additional) PCIs
(new/ extend legacy RRC parameter)
	For PRACH transmission power, consider configuring different preambleReceivedTargetPower for different PCIs/TRPs.
	Proposal 10: For cross-TRP PDCCH ordered PRACH, for PRACH transmission power consider configuring different preambleReceivedTargetPower for different PCIs/TRPs.


	void
	Up to RAN2 to design the details of the indication of TAG ID via TA command in RAR.
	Proposal 11: For intra-cell multi-DCI based multi-TRP operation with two TA enhancement, adopt Alt 1: indicate TAG ID as part of TA command in RAR.
· Design details are left up to RAN2.


	Configuration to enable UE deciding to trigger PRACH transmission (when an additional PCI is activated)
(new RRC parameter)
	Support the UE deciding whether a PRACH transmission is needed.
	Proposal 16: For multi-DCI based multi-TRP operation with two-TA enhancement, when an additional PCI is activated, support the UE deciding whether a PRACH transmission is needed.


	- Configuration to enable UE reporting assistance information on whether propagation delay difference between DL RSs from the two TRPs is larger than a threshold
(new RRC parameter)
- Configuration of the threshold
(new RRC parameter)
	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 19: RAN1 supports 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.

	 Configuration to enable dynamic activation/deactivation of a second TA loop/ TAG.
(new RRC parameter)
	 Support dynamically indicating the activation/deactivation of a second TA loop, when a first TA loop is active.
	 Proposal 20: RAN1 supports dynamically indicating the activation/deactivation of a second TA loop, when a first TA loop is active.






  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: RAN1 to confirm the Working assumption and adopt the suggested changes in red in the following agreement:
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, support the following:
· Associate TAG ID with UL/joint TCI state 
· For UL transmission, the TAG ID associated with the UL/joint TCI state is utilized
· A baseline is UE expects that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESET Pool Index correspond to one TAG
· Working Assumption: A UE may report that it supports that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESETPoolIndex correspond to both TAGs

Proposal 2: RAN1 to investigate and prioritize simple solutions that enable multi-TA operation with Rel-15/16 spatial relation framework to avoid significant specification changes.  

Proposal 3: For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation under the Rel-15/16 spatial relation framework, support the following at least for FR2:
· Associate TAG ID with spatial relation 
· For UL transmission, the TAG ID associated with Rel-15/16 spatial relation is utilized

Proposal 4: For multi-DCI based multi-TRP operation with two TA enhancement, for the case where the UE does not support UL STxMP transmission, support either Alt.3 or Alt.2 (updated as shown below):
· Alt.3: Scheduling restriction is applied such that the UE does not expect the two UL transmissions to overlap.
· Alt.2: Reduce the overlapping duration of one of the two UL transmissions. 
· Discuss how to avoid discrepancy/ambiguity between the UE and the TRPs regarding the reducing of the overlapping duration of one of the two UL transmissions. 

Observation 1: In case of two TAs and if the UE supports simultaneous UL transmissions, which could be at least 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 5: Confirm the following Working Assumption:
· For intra-cell multi-DCI based multi-TRP operation with two TA enhancement, support the case where a PDCCH order sent by TRPX triggers RACH procedure towards either TRPX or TRPY. 
· FFS: details of PRACH power control

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: 
· Support accounting for backhaul delay for the monitoring the corresponding RAR by shifting the start of RAR monitoring based on a configured or indicated number of PDCCH occasions or a time period, and
· Study how/whether this delay would impact the RAR window length.

Observation 2: Basic multi-TA MIMO feature may not necessarily require the support of cross TRP PDCCH order, as each TRP could still trigger the UE to transmit PRACH towards this TRP. At the same time, cross TRP RACH triggering offers several benefits such as offloading some TRP or allowing UL transmissions to be triggered/tailored mostly towards a given TRP, and thus it could be beneficial to consider the support of this feature as a ‘basic’ feature.

Proposal 7: Whether or not cross-TRP RACH triggering is an optional feature is left up to UE features discussions.

Observation 3: RAR-less solution would require introducing a new MAC CE and defining new procedures or at least updating existing procedures. And there is no strong justification to discuss support those for the multi-TA MIMO objective. The agreed RAR-based solution is sufficient.

Proposal 8: For multi-DCI based multi-TRP operation with two TA enhancement, do not support RAR-less solution.

Proposal 9: For cross-TRP PDCCH ordered PRACH, for pathloss estimation for PRACH transmission power calculation: the UE shall use the SSB corresponding to the PRACH transmission.

Proposal 10: For cross-TRP PDCCH ordered PRACH, for PRACH transmission power consider configuring different preambleReceivedTargetPower for different PCIs/TRPs.

Proposal 11: For intra-cell multi-DCI based multi-TRP operation with two TA enhancement, adopt Alt 1: indicate TAG ID as part of TA command in RAR.
· Design details are left up to RAN2.

Proposal 12: For intercell multi-DCI based multi-TRP operation with two-TA enhancement, support indication of which PRACH configuration to be used in the RACH procedure by indicating additionalPCI in the PDCCH order.

Proposal 13: The discussions on maintaining two DL (reference) timings for a serving cell should account for the agreement(s) on associating UL signals/channels to TAG.

Proposal 14: For enabling two DL (reference) timing for two TAGs of a serving cell, DL RSs corresponding to a TAG could be used for maintaining DL timing of this TAG.

Proposal 15: For enabling two DL (reference) timing for two TAGs of a serving cell, consider that the UE starts maintaining DL timing for a TAG after at least one TCI state, which corresponds to this TAG, is activated/indicated. 
· For the intercell case, the activation of an additionalPCI is used as a starting point / trigger for starting the maintaining of the DL timing of the TAG corresponding to that PCI.

Observation 4: 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 16: For multi-DCI based multi-TRP operation with two-TA enhancement, when an additional PCI is activated, support the UE deciding whether a PRACH transmission is needed.

Observation 5: A clarification is needed on the UE behavior when a TCI state(s) activation/update activates an additional PCI and before a TA update/command of the corresponding TAG is received by the UE.

Proposal 17: In case of TCI state(s) activation/update that activates an additional PCI, before TA update/command of the corresponding TAG is received by the UE, for the UL transmissions associated to this TCI state(s) support at least one of the following:
· UE should refrain from transmitting the UL transmissions
· UE uses the latest TA value/update available of the TAG.  

Observation 6: 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 7: 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 18: 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.

Observation 8: 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 19: RAN1 supports 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 20: RAN1 supports dynamically indicating the activation/deactivation of a second TA loop, when a first TA loop is active.

Proposal 21: RAN1 to consider indicating the UE with one or two TA commands at a time for multi-TRP scenarios.

Proposal 22: Consider the potential RRC/RAN2 parameter list provided in Table 1.
image1.wmf
)

(

,

,

PRACH,

i

P

c

f

b


image2.wmf
b


image3.wmf
f


image4.wmf
c


image5.wmf
i


image6.wmf
{

}

c

f

b

f,c

c

f

c

f

b

PL

P

i

P

i

P

,

,

target,

PRACH,

,

,

CMAX

,

,

PRACH,

),

(

min

)

(

+

=


image7.wmf
)

(

CMAX,

i

P

f,c


image8.wmf
i


image9.wmf
f,c

P

target,

PRACH,


image10.wmf
c

f

b

PL

,

,


image11.wmf
c

f

b

PL

,

,


image12.wmf
new

q


image13.png
TRPDL Tx timing

TRP1

o S

< TR Rx: DL #2
[ Tx: UL #2 (TRP2)





image14.wmf
c

offset

TA 

TA

)

(

T

N

N

´

+


