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1	Introduction
During RAN#94e, a new WID for Rel-18 MIMO evolution for DL and UL was agreed [1].  Part of objective 7 is relevant for this AI:
7. Study, and if justified, specify the following 
· Two TAs for UL multi-DCI for multi-TRP operation 
· Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.

For completeness, the full objective is included. The part that is not applicable for this AI is written in italics.
In this contribution, we discuss how to support two TAs for multi-DCI based multi-TRP operation.
[bookmark: _Ref178064866]2	Discussion
In this contribution, we discuss how to specify two TAs for multi-DCI multi-TRP operation.
The focus of the mTRP improvements in Rel-18 is on extension of the Rel-17 unified TCI framework to mTRP operation. Interestingly, the only sub-objective where this is not mentioned is for two TAs for UL multi-DCI multi-TRP operation. In our understanding, this is an oversight, and we propose to clarify this: 
[bookmark: _Toc115449317]Two TAs for UL multi-DCI for multi-TRP operation is only supported for the extension of the Rel-17 unified TCI framework.
During RA1#109-e, the following was agreed:
Agreement
Two TA enhancement for uplink multi-DCI based multi-TRP operation are applicable to at least:
· TDM based multi-DCI uplink transmission
· simultaneous multi-DCI uplink transmission (if simultaneous uplink multi-DCI uplink transmission is supported in Agenda 9.1.4.1)
Note: Whether two TA enhancement is applicable to other schemes is a separate discussion, which is not in the scope of AI 9.1.1.2.

The agreement states that the enhancement should be applicable at least to multi-DCI uplink transmission. We note that enhancements to TA handling is also part of the WI Further NR Mobility Enhancements [2]. The RAN1 agenda already includes a placeholder agenda item to specify such enhancements.
So far, only one scheme for TA handling is specified in NR. The same TA handling scheme is used for all scenarios. This is clearly advantageous, and it should be a target to maintain one solution for TA handling also for the solutions specified in Rel-18.
Since the mobility work in RAN1 is not starting until October, designing a unified solution is not trivial. What we can do at this point in time is to avoid basing the solution on properties that are only available for multi-DCI multi-TRP. Such design choices would effectively rule reusing the solution for other cases. Hence, we propose
[bookmark: _Toc115449318]Do not design the two-TA handling on properties that are only available for multi-DCI multi-TRP transmission.
By designing the solution based on properties of the individual signals, rather than the specific transmission scheme, the range of use cases that can be support increases drastically. Not only is it reasonable to assume that we can support the enhanced mobility schemes, but it also becomes possible to support single-DCI based multi-TRP, e.g., simultaneous multi-panel transmission.
Fundamentally, two issues must be solved:
1. The UE must be able to determine two transmission timings. This includes determining a DL timing reference and applying a signalled offset to that DL timing reference.
2. The UE must be able to associate each UL transmission with one of the two determined transmission timings.
We will discuss each issue in turn.
2.1	Determining two transmission timings
The TA adjustment procedure in NR is depicted in Figure 1.
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[bookmark: _Ref107834128]Figure 1 Time alignment of uplink transmissions with timing advance.



The UE applies an offset – the timing advance value  – to a DL reference timing, which is calculated from the reception timing of a DL reference signal. The timing advance value is adjusted in steps of ,   Hz, .
Regarding the DL reference timing, the following was agreed in RAN1#109-e:
Agreement
For multi-DCI multi-TRP operation with two TAs, study the following alternatives:
· Alt 1:  two reference timings are considered
· Alt 2:  one reference timing is considered
Note: reference timing above is the timing of the DL reception 

The natural interpretation is that with two reference timings, each reference timing is associated with one TRP, and that every UL transmission that targets one TRP uses the reference timing of that TRP. With one reference timing, all UL transmissions would obviously use the same reference timing. 
Comparing the two alternatives, if one reference timing is used, we realize that NW would have to compensate for the transmission timing difference between the TRPs in the TA values:
[bookmark: _Toc115449305]With a single reference timing, the NW would have to compensate for any transmission timing offset by increased TA values. 
Also, by choosing one single reference timing, there will be a need to define one reference timing, i.e., one DL reference signal. In mDCI mTRP, such a definition would be somewhat arbitrary. If we also hope to support enhanced TA handling for mobility, it would be even more awkward to rely on one DL reference timing. If the source timing is used, the TA value of the target becomes outdated once the UE transits to the target. 
[bookmark: _Toc115449306]Definition of a single DL reference timing would be arbitrary in mDCI mTRP, and not compatible with the mobility use case.
Based on these observations, we propose
[bookmark: _Toc115449319]Two reference timings are used with two TAs.
With two TAGs, much of the legacy functionality can be reused. For example, the Timing Advance Command MAC CE defined in section 6.1.3.4 in [3] can be reused as is:
[bookmark: _Toc115449320]Reuse the legacy timing advance MAC CE to update the TA per timing advance group.
As described in the background, the TA remains valid until the TA timer associated with the TAG expires. When the corresponding TA timer expires, the UE is not allowed to transmit PUCCH, PUSCH or SRS for the serving cell configured with the corresponding TAG. When the timer expires, the UE is only allowed to transmit PRACH on the serving cell.
This concept can easily be extended to the case where the TAG is included in a TCI state: transmission of PUCCH, PUSCH and SRS is allowed only if the timer associated with the TAG in the corresponding TCI state has not expired:
[bookmark: _Toc115449321]Transmission of PUCCH, PUSCH and SRS is only allowed if the timer associated with the TAG in the corresponding TCI state has not expired.
In addition to the Timing Advance MAC CE, which performs (small) relative adjustments of the transmission timing, it is also necessary to perform an initial, larger, adjustment of the TA. Using only the relative adjustments would simply take too long, since the TA can be adjusted by at most 16ns in each MAC CE. This corresponds to a propagation delay difference of less than 5m. Therefore, we propose to include the TAG also in the absolute timing advance command:
[bookmark: _Ref115348091][bookmark: _Toc115449322]Introduce a TAG ID in the absolute Timing Advance MAC CE.
2.2	Associating different TAs with different UL transmissions
The following was agreed in RAN1#110:
Agreement
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, downselect one of the options in RAN1#110bis-e:
· Option 1: Associate TAG to TCI-state/spatial relation
· Option 2: Associate TAG to CORESETPoolIndex
· Option 3: Associate TAG to DL RS group. For a UL transmission, UE adopts the TAG associated with the DL RS group to which the PL RS of the UL transmission belongs.
· Option 4: Associate TAG to target UL channels/RSs directly for semi-static UL channels/RSs (e.g. P CSI PUCCH, P SRS, CG PUSCH), and further discuss how to associate TAG to dynamic UL channels/RSs(e.g. via associating TAG to CORESETPoolIndex additionally, etc.)

In objective 2, the target is to allow for different TAs for transmissions to different TRPs in mDCI mTRP operation. We will here look at the four options.
We note that every UL transmission is associated with a joint UL/DL or UL TCI state, and that transmissions to different TRPs must be associated with different joint UL/DL or UL TCI states:
[bookmark: _Toc115449307]UL transmissions to different TRPs will be associated with different joint UL/DL or UL TCI states.
Moreover, the TCI state will contain a DL reference signal, either the RS that defines the spatial UL TX filter, or the PL RS. This DL RS could be used to define the timing reference for the corresponding UL transmission. 
[bookmark: _Ref114752701][bookmark: _Toc115449308]The DL reference signal in the TCI state can be used as timing reference for any UL transmission associated with that TCI state.
In contrast, physical properties of UL transmissions are not associated with CORESETPoolIndex: CORESETPoolIndex is only related to DL transmissions. Physical properties of UL transmissions are derived from SRS or PUCCH resources, and neither of these has any relation to the CORESETPoolIndex:
[bookmark: _Toc115449309]Physical properties of UL transmissions are not associated with CORESETPoolIndex.
Furthermore, there is no unambiguous association between a DL RS and a CORESETPoolIndex. Every CORESET has a QCL source, which is a DL RS, but different CORESETs associated with the same CORESETPoolIndex can have different QCL sources:
[bookmark: _Toc115449310]There is no unambiguous association between a DL RS and a CORESETPoolIndex.
Option 3 proposes to associate the TAG with a DL RS group.  The association is performed via the PL RS of an UL transmission. In many cases, this approach could work. Note however that we support cases where the PL RS and the RS providing the spatial Tx filter are different, and in this case, the TAG should be associated with the RS providing the spatial Tx filter (which is in the TCI state), and not the PL RS. 
Option 4 provide more flexibility on how to associate the UL signals with the TAGs. We do not see why this is needed: UL transmissions that target different TRPs will be associated with different TCI states. 
Based on the above analysis, we conclude that the best solution is to include a TAG in each joint UL/DL or UL TCI state. Any UL transmission that relies on a TCI state would apply the TA associated with the TAG included in the TCI state. 
[bookmark: _Toc115449323]Include a TAG in each joint or UL TCI state.
As noted in Observation 4, there is also a natural choice of the timing reference:
[bookmark: _Ref101972857][bookmark: _Toc115449324]The timing reference for any UL transmission is the reference signal providing the UL TX spatial filter. If the RS providing the UL spatial TX spatial filter is an SRS, the PL RS for the UL TCI state provides the timing reference.
In other words, the UE would apply the TA associated with the TAG in a TCI state to the receive timing of the DL RS in the same TCI state. The resulting Tx timing is used for the PUCCH, PUSCH and SRS for which the corresponding TCI state is indicated.
Hence, Proposal 8 provides a solution not only how to associate a TAG and a TRP, but also on how to associate a TAG and a reference timing.
One potential issue is that in Rel-17, UL transmissions may not be associated with TCI states in FR1. However, there is nothing that prevents that UL transmissions are associated with TCI states also in FR1: for example, power control parameters can still be associated with TCI states in FR1 for Rel-17. In fact, as shown in [5], it becomes necessary to associate UL transmissions with TCI states as soon as we want to support UL power control for mTRP using the unified TCI framework. Hence, we observe
[bookmark: _Toc115449311]UL transmissions can be associated with TCI states also in FR1.
We note that the Rel-17 TCI states are a part of the solutions for inter-cell beam management in Rel-17, and including the TA in a Rel-17 TCI state could make it possible to reuse the Ta enhancement also for the mobility enhancements:
[bookmark: _Toc115449312]A solution that integrates the TA with the Rel-17 TCI framework could potentially be reused also for mobility enhancements.
In contrast, a solution based on CORESET pool index could not be reused in the mobility work, since mobility must work also without NC-JT.
2.3	Enhancements to the RACH procedure
With the agreement of using two TAGs in a serving cell configuration, gradual adjustments of the TA can be performed using the legacy Timing Advance Command MAC CE. The NW can use the reception of any UL transmission to determine that the TA needs to be adjusted. With Proposal 6, it is also possible to set an absolute TA, i.e., an initial TA, for any TAG. However, based on current functionality, it may be challenging for the NW to determine what would be a suitable value for the initial TA. Typically, the NW uses the reception of a PRACH to determine a suitable value for the initial TA, but the legacy RACH procedure is somewhat inadequate to handle different TAs for different TRPs. Therefore, RAN1 made the following agreement in RAN1#110:
First of all, we note that in principle, the NW can send an absolute TA command without triggering a RACH procedure:Agreement
For multi-DCI based multi-TRP operation with two TAs, study the impact of two TAs for the following:
· RACH triggered by PDCCH order in intra-cell MTRP case 
· RACH triggered by PDCCH order in inter-cell MTRP case
· Which might require RACH enhancement as well 
· UE triggered RACH by CBRA or CFRA in RRC connected mode
Further details of enhancements needed (if any)

[bookmark: _Toc115449313]The NW can send an absolute TA command without triggering a RACH procedure.
Hence, the triggering of a PRACH transmission could be decoupled from the TA update. In legacy, this is more of a theoretical possibility, since communication is impossible before the UE has a valid TA. But for multi-TRP, this is not true: the UE can communicate using the other TRP even if the TA for one TRP is invalid.
Two of the bullets discuss RACH triggered by a PDCCH order. The PDCCH order is the way the NW would typically trigger a RACH procedure to obtain the TA. In legacy, a PDCCH order instructs the UE to initiate a RACH procedure, potentially using parameters that are provided in the PDCCH order itself. Most parameters for the RACH procedure are derived from the RACH configuration of the serving cell:
[bookmark: _Toc115449314]Most parameters for a RACH procedure triggered by a PDCCH order are provided by the serving cell configuration.
In general, different cells can have different RACH configurations, e.g., regarding what physical resources are reserved for PRACH transmission. This means that to handle inter-cell mTRP, the legacy PDCCH order cannot be used: it is necessary to inform the UE – in the PDCCH order – which RACH configuration to use:
[bookmark: _Toc115449325]Introduce information in the PDCCH order about which RACH configuration to use.
Providing additional parameters in the PDCCH order opens for other possibilities. For example, it becomes possible to trigger a RACH procedure from one TRP (cell) that targets another TRP (cell):
[bookmark: _Toc115449326]Introduce a PDCCH order that triggers a RACH procedure towards another TRP/cell.
In legacy, the NW sends a PDCCH order to trigger the UE to send a PRACH. The UE repeats the PRACH transmission at regular intervals, until it receives a random access response (RAR). The RAR is scrambled with RA-RNTI, and the UE is thus required to monitor PDCCH using RA-RNTI after transmitting PRACH. The MAC payload of the RAR includes 
a timing advance command 
an UL grant
a temporary C-RNTI
For the establishment of TA, the UL grant and the temporary C-RNTI are unnecessary: the UE will not use them. We thus realize:
[bookmark: _Toc115449315]A solution based on RAR requires the UE to monitor RA-RNTI, and most of the payload of the RAR is useless.
As an alternative to RAR, the UE could expect that the TA command is sent in the MAC CE described in Proposal 6. This MAC CE can be sent over either TRP, but it would seem to be beneficial for the NW to send it over the operational TRP, where CSI is available, and the data can be protected by HARQ. At the reception of the absolute timing advance command, the UE would stop transmitting PRACH.
Hence, we propose
[bookmark: _Toc115449327]At the reception of the absolute timing advance MAC CE, the UE stops transmitting PRACH.
The procedure is illustrated in Figure 2.

 
[bookmark: _Ref115358225]Figure 2: Obtaining initial TA using an enhanced PDCCH order.
Note that with the procedure outlined in Figure 2, the UE does not have to monitor for RA-RNTI: it just continues to monitor for C-RNTI. 
We note that the enhanced PDCCH order described above could also be used for L1/L2 mobility. In this case, TRP2 is a candidate cell for which the NW would like to obtain the TA before the mobility execution. For this case, it is necessary that the RACH procedure is triggered by TRP1 (the serving cell), and also that the new TA is estimated in TRP2 (the candidate cell), and sent from TRP1 (the serving cell):
[bookmark: _Toc115449316]The enhanced PDCCH order can be used also for L1/L2 mobility.
The agreement also mentions UE-triggered RACH by CBRA or CFRA in RRC connected mode. There are a few events that cause the UE to initiate a RACH procedure in connected mode:
During RRC reconfiguration with sync
When the maximum number of SR transmissions have been performed
When the timeAlignmentTimer expires, and the UE has something to transmit in UL
During BFR
It would appear that the impact would be different for the different cases. Therefore, we propose to further clarify which cases would be considered, and which aspects of the RACH procedure we would investigate:
[bookmark: _Toc115449328]Further clarify what aspects of the UE-triggered RACH procedure should be studied.
2.4	Handling overlap between UL transmissions
In RAN1#110, the following was agreed:
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)

UL transmissions associated with different TAs may overlap: the TA compensates for the difference in propagation delay, and if the UL transmissions are received slot-aligned at two different TRPs with different propagation delays, they cannot be transmitted slot-aligned. 
In most cases, the UE can only transmit to one TRP at a time, and this means that here must be a rule that determines what the UE does in case there is an overlap. We note that such a rule already exists in 38.213:
Excerpt from 38.213, clause 4.2:
If two adjacent slots overlap due to a TA command, the latter slot is reduced in duration relative to the former slot. The UE does not change  during an actual transmission time window for a PUSCH or a PUCCH transmission [6, TS 38.214].

In legacy, the reason for the overlap is that the (single) TA changes from one slot to another, which is a rather rare event. With multiple TAs, this will happen more frequently. However, the legacy principle is sound, and we propose to reuse it:
[bookmark: _Toc115449329]If UL transmissions associated with different TAs overlap, the latter slot is reduced in duration relative to the former slot.
This would mean that the first part of the second slot it dropped, which will lead to worsened performance at reception. But since the UE cannot transmit both signals at the same time, the UE will not be able to transmit for the full duration of the two slots, and this will lead to a performance loss – there is no way to avoid that. Shortening of the second slot will impact the link adaptation, but the outer-loop link adaptation in the gNB will take care of that. Alternatively, the gNB can adapt its scheduling to avoid the overlap, which is up to NW implementation.
[bookmark: _Hlk61857909]Conclusion
In the previous sections we made the following observations: 
Observation 1	With a single reference timing, the NW would have to compensate for any transmission timing offset by increased TA values.
Observation 2	Definition of a single DL reference timing would be arbitrary in mDCI mTRP, and not compatible with the mobility use case.
Observation 3	UL transmissions to different TRPs will be associated with different joint UL/DL or UL TCI states.
Observation 4	The DL reference signal in the TCI state can be used as timing reference for any UL transmission associated with that TCI state.
Observation 5	Physical properties of UL transmissions are not associated with CORESETPoolIndex.
Observation 6	There is no unambiguous association between a DL RS and a CORESETPoolIndex.
Observation 7	UL transmissions can be associated with TCI states also in FR1.
Observation 8	A solution that integrates the TA with the Rel-17 TCI framework could potentially be reused also for mobility enhancements.
Observation 9	The NW can send an absolute TA command without triggering a RACH procedure.
Observation 10	Most parameters for a RACH procedure triggered by a PDCCH order are provided by the serving cell configuration.
Observation 11	A solution based on RAR requires the UE to monitor RA-RNTI, and most of the payload of the RAR is useless.
Observation 12	The enhanced PDCCH order can be used also for L1/L2 mobility.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Two TAs for UL multi-DCI for multi-TRP operation is only supported for the extension of the Rel-17 unified TCI framework.
Proposal 2	Do not design the two-TA handling on properties that are only available for multi-DCI multi-TRP transmission.
Proposal 3	Two reference timings are used with two TAs.
Proposal 4	Reuse the legacy timing advance MAC CE to update the TA per timing advance group.
Proposal 5	Transmission of PUCCH, PUSCH and SRS is only allowed if the timer associated with the TAG in the corresponding TCI state has not expired.
Proposal 6	Introduce a TAG ID in the absolute Timing Advance MAC CE.
Proposal 7	Include a TAG in each joint or UL TCI state.
Proposal 8	The timing reference for any UL transmission is the reference signal providing the UL TX spatial filter. If the RS providing the UL spatial TX spatial filter is an SRS, the PL RS for the UL TCI state provides the timing reference.
Proposal 9	Introduce information in the PDCCH order about which RACH configuration to use.
Proposal 10	Introduce a PDCCH order that triggers a RACH procedure towards another TRP/cell.
Proposal 11	At the reception of the absolute timing advance MAC CE, the UE stops transmitting PRACH.
Proposal 12	Further clarify what aspects of the UE-triggered RACH procedure should be studied.
Proposal 13	If UL transmissions associated with different TAs overlap, the latter slot is reduced in duration relative to the former slot.
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