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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: _Toc111196373]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: _Toc111196374]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: _Toc111196367]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: _Toc111196368]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: _Toc111196375]Two reference timings are used with two TAs.
In current NR, there is a one-to-one correspondence between a TAG and a TA. All transmissions that are associated with the same TAG are transmitted at the same time. Transmissions in different serving cells that should be transmitted at the same time are associated with the same TAG. The TAG concept is used to facilitate independent closed loop adjustment of UL transmissions. 
In RAN1#109-e, the following was agreed:
Agreement
For multi-DCI based multi-TRP operation, down-select one of the two alternatives:
· Alt 1: configure two TAGs within a serving cell
· Alt 2: consider two TAs within one TAG within a serving cell

With two TAGs, the UL transmission timing of the transmissions to both TRPs can be independently controlled. Legacy mechanisms can be used to signal the TA values.
With a single TAG, the UE must rely on an additional mechanism to calculate the two TAs. Here there are two main options:
In the first solution, an additional signaling mechanism is defined that makes it possible for the NW to send a TA offset command to the UE. This signaling would essentially be a parallel solution to the TAG signaling, and its benefits are unclear.
Alternatively, the UE could assume that the DL transmissions from the two TRPs are perfectly time-aligned in which case the entire difference between the DL receive timing is caused by differences in propagation delay. With this assumption, the UE could autonomously adjust its transmission timing based on the observed difference in receive timing. 
However, the assumption of perfectly time-aligned transmissions from the TRPs is unrealistic. In practice, there will be a time-alignment error, and reducing this error is costly:
[bookmark: _Toc111196369]Achieving perfectly time-aligned transmissions at multiple TRPs is costly. 
Therefore, we propose
[bookmark: _Toc111196376]Define two TAGs within a serving cell configuration.
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: _Toc111196377]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: _Toc111196378]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: _Toc111196379]Introduce a TAG ID in the absolute Timing Advance MAC CE.
In RAN1#109-e, the following was agreed:
Agreement
For multi-DCI multi-TRP operation with two TAs, study the following alternatives further in Rel-18:
· Alt 1:  one n-TimingAdvanceOffset value per serving cell
· Alt 2:  two n-TimingAdvanceOffset value per serving cell

From [4], table 7.1.2-2, we learn that [image: ] depends on the duplex mode of the cell in which the uplink transmission takes place and the frequency range (FR). As long as we only consider intra-frequency operation, it would seem clear that only a single value of n-TimingAdvanceOffset is relevant:
[bookmark: _Toc111196380]Only consider a single n-TimingAdvanceOffset per serving cell.
2.2	Associating different TAs with different UL transmissions
In objective 2, the target is to allow for different TAs for transmissions to different TRPs in mDCI mTRP operation. 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: _Toc111196370]UL transmissions to different TRPs will be associated with different joint UL/DL or UL TCI states.
One natural 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: _Toc111196381]Include a TAG in each joint or UL TCI state.
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: _Ref101972857][bookmark: _Toc111196382]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 10 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: _Toc111196371]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 L1/L2 mobility in Rel-17, and it is quite likely that the Rel-18 mobility enhancements will be based on the Rel-17 TCI states. Including the TA in a Rel-17 TCI state makes it likely that the method can be reused also for the mobility enhancements:
[bookmark: _Toc111196372]A solution that integrates the TA with the Rel-17 TCI framework can 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.
[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	Achieving perfectly time-aligned transmissions at multiple TRPs is costly.
Observation 4	UL transmissions to different TRPs will be associated with different joint UL/DL or UL TCI states.
Observation 5	UL transmissions can be associated with TCI states also in FR1.
Observation 6	A solution that integrates the TA with the Rel-17 TCI framework can be reused also for mobility enhancements.
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	Define two TAGs within a serving cell configuration.
Proposal 5	Reuse the legacy timing advance MAC CE to update the TA per timing advance group.
Proposal 6	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 7	Introduce a TAG ID in the absolute Timing Advance MAC CE.
Proposal 8	Only consider a single n-TimingAdvanceOffset per serving cell.
Proposal 9	Include a TAG in each joint or UL TCI state.
Proposal 10	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.
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