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Introduction
The Rel-18 WID on NR MIMO evolution for downlink and uplink is approved [1], which includes the following objective:
7. Study, and if justified, specify the following 
· Two TAs for UL multi-DCI for multi-TRP operation 
· …
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.

In Rel-16/17 mTRP, there can be only one single TA per CC, and it is further assumed that the received signals from different TRPs are within the CP at the UE side. In this contribution, we discuss framework and possible enhancements to enable two TAs in a CC that is configured with multi-DCI based mTRP operation in Section 2, and address the impact on random access procedures in Section 3.
Framework, signaling, and other details for two TAs
In RAN1 #110, it was agreed to configure two TAGs (as well as two corresponding n-TimingAdvanceOffset) in a serving cell for UL multi-DCI for multi-TRP operation.
Agreement
For multi-DCI based multi-TRP operation with two TAs, support configuring two TAGs belonging to a serving cell.

Agreement
For multi-DCI multi-TRP operation with two TAs, up to two n-TimingAdvanceOffset value per serving cell is supported

When the CC that is configured with two TAGs is a SpCell, it should be discussed whether one of the two TAGs should be determined as PTAG (and the other one is STAG) or both TAGs can be regarded as PTAG in this case. This may have some RAN2 impact (e.g., related to the timeAlignmentTimer). Hence, an LS to RAN2 may be needed for this issue.
Proposal 1: Send an LS to RAN2 regarding how PTAG is defined when a multi-DCI based mTRP CC is a SpCell and is configured with two TAGs.
With respect to reference timing of DL reception for TA, the following two alternatives were 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 

For DL reference timing for the two TAGs, most companies were supportive of Alt1, and the main controversial issue was related to the note “Note2: Rx timing difference at the UE is assumed to be no larger than CP length”. Given the concerns that the note may be restrictive especially for higher SCS, and the fact that the scenario under discussion is that two different TAs are assumed for the transmission which can be due to different propagation difference or different DL Tx timing, it would be reasonable to allow for both possibilities based on UE capability:
· Baseline: Rx timing difference at the UE is assumed to be no larger than CP length. This UE can be configured with 2 TAs but only if network ensures this condition, which reduces the UE complexity.
· Additional capability: Rx timing difference at the UE can be larger than CP length (but still limited by MRTD requirements for inter-band CA). This UE can be configured with 2 TAs in more diverse deployment scenarios at the cost of the additional complexity that the UE needs to handle.

Also, in legacy, the reception of the first detected path (in time) in a reference CC is considered, where the reference CC is SpCell for PTAG, and any of the CCs in the same TAG for STAG. Similar rule can be followed in the case of multi-DCI except that reception of the first detected path (in time) in the reference CC is based on the DL-RS of the active TCI states associated with the corresponding coresetPoolIndex value.
Proposal 2: For multi-DCI multi-TRP operation with two TAs, support Alt 1:  Two reference timings of DL reception are considered.
· UE can indicate whether the Rx timing difference at the UE can be larger than CP length as an additional capability. Otherwise, Rx timing difference at the UE is assumed to be no larger than CP length.
· Even for a UE that indicates such capability, Rx timing difference is limited by MRTD requirements for inter-band CA.
· For a TAG associated with a coresetPoolIndex value, “the first detected path (in time) in the reference CC” is based on the DL-RS of the active TCI states associated with the same coresetPoolIndex value.

Regarding the association of a TAG with UL channels / signals, 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.)


As discussed in the previous meeting, Option 1 does not work for FR1 without support of unified TCI. Essentially, Option 1 requires three different solutions: One for unified TCI, another for spatial relation for FR2, and a third one for FR1 without support of unified TCI. In addition, it is not clear how Option 3 can work for FR1 as PL-RS for power control is configured inside SpatialRelationInfo (e.g., for PUCCH). Option 2 and Option 4 are essentially the same (assuming that the “e.g.” is followed for dynamic UL channels/RSs in Option 4). One minor difference between them is that for semi-static UL channels/RSs, a coresetPoolIndex value is RRC-configured in Option 2, while in Option 4, a TAG ID is directly configured. Both approaches can work for the purpose of this sub-agenda. However, configuration of coresetPoolIndex value can be potentially beneficial for other sub-agenda’s as well such as unified TCI extension to multi-DCI based mTRP or for STxMP for multi-DCI (e.g., for CG+CG or CG+DG simultaneous transmissions).
Proposal 3: For multi-DCI based multi-TRP operation with two TAs, support Option 2: The two TAG IDs are associated with the two coresetPoolIndex values, and association between UL channels/signals and the two TAG IDs is determined based on coresetPoolIndex value.
· For dynamic UL channels/signals: Reuse Rel-16 rule for associated coresetPoolIndex value.
· For periodic/semi-persistent UL channels/signals: RRC configures the associated coresetPoolIndex value. 

Regarding overlap between two UL transmissions due to different TAs, the following was agreed in RAN1 #110:Agreement
For multi-DCI based multi-TRP operation with two TAs, study how to handle overlapping part between two UL transmissions associated with two TAs, where the study includes:
· whether to introduce scheduling restriction in overlapping part
· whether to introduce dropping rules 
· whether specification impact is needed, or if the issue can be handled via implementation
· whether to allow overlapped transmission in case the UE supports STxMP transmission (if STxMP feature is agreed in NR Rel-18)


In legacy, UCI multiplexing procedures and dropping rules are based on logical time. Given that all UL channels in a CC have the same TA, there is no overlap in actual time after resolving the overlap in logical time. However, this is no longer the case with two TAGs in the same CC. For example, if UL channel 1 and UL channel 2 do not overlaps in logical time (w/o considering TA) but they overlap in actual time due to different TA values.

Note that the issue above exists also in legacy but only across different slots and only due to a new TA command. The issue is addressed by reducing the duration of a later slot after applying a TA command. This is captured in 38.213 as “If two adjacent slots overlap due to a TA command, the latter slot is reduced in duration relative to the former slot”. In comparison, in the case of multi-TA in one CC: 
a) UE may be able to transmit two different UL signals/channels in a CC simultaneously, 
b) The overlap is not only across different slots but can be also within a given slot, 
c) The overlap is not only occasionally due to a new TA command but can be also frequent due to the fact that different UL signals/channels are associated with different TAs. 

First, if the UE has simultaneous Tx capability, dropping is not needed. Hence, the focus is only for TDM (Rel-16) based multi-DCI. Second, the issue may be addressed by a conservative approach if the gNB always leaves one symbol gap between two UL signals/channels associated with different TAGs at the cost of overhead. gNB scheduler may avoid such overlap in some cases (w/o the need to always leaving one symbol gap) but ideal backhaul (for exchanging estimated TA) and accurate TA estimation at the TRP side is required. Hence, there may be some benefit for the “dropping rule” in certain scenarios. Third, if a dropping rule is needed, it should be only applied to the overlapping parts, i.e., the dropping rule should not be in symbol-level or UL channel/signal-level. This is because if the overlapping part happens to be smaller than or comparable to the CP duration, there may not be any impact as a result of the partial dropping. Also, either a restriction or dropping as discussed above should be applied only after UE determines that the two UL channels/signals are to be transmitted, i.e., after legacy UCI multiplexing / UL dropping / TDD-related DL-UL conflicts. An alternative approach would be to leave this case to UE implementation. In current RAN4 spec, “transient periods” are defined in case of power / RB change. A similar approach may be followed in case of TA change. 
Proposal 4: For TDM multi-DCI based multi-TRP operation with two TAs, support one of the following options to handle overlapping part between two UL transmissions associated with two TAs.
· Option 1: UE does not expect the two UL transmissions to overlap in actual (physical) time, even partially.
· Option 2: UE drops the overlapping part of one of the UL transmissions (reduces the duration of one of the UL transmissions).
· FFS: Which UL transmission is considered. 
· Option 3: It is left to UE implementation how to handle the overlapping part between two UL transmissions, i.e., it is treated similar to “transient period”.
· For option 1 and option 2, the condition or dropping applies after UE determines the two UL channels/signals are to be transmitted (e.g., after legacy UCI multiplexing / UL dropping / limitations for UE transmission as described in clause 11.1 of 38.213).

Given that multiple TAGs are also used in legacy UL-CA operation (up to 4 TAGs can be configured for different CCs), some consistency for TAG configurations is needed across different CCs. Among multiple CCs, some may be configured with two coresetPoolIndex values (with multi-DCI based mTRP) while others may be configured with a single value of coresetPoolIndex. For example, for the purpose of HARQ-Ack (separate and joint), there is relationship between coresetPoolIndex value(s) of different CCs for the purpose of HARQ-Ack reporting and codebook construction. In the case of multi-TA in a CC, TAGs configured for different CCs need to be consistent across coresetPoolIndex values of different CCs. Figure 1 illustrates a few examples for consistent and inconsistent configurations, where it is assumed that UE can support up to 4 TAGs overall.  As it can be seen, the top-right and bottom-right examples are not consistent as a same TAG is used in the two CCs but are associated with different coresetPoolIndex values across the two CCs.
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[bookmark: _Ref101192099]Figure 1: Consistency of TA configurations across different CCs.
Proposal 5: Study necessary conditions to ensure consistency of TA configurations across different CCs. Use case for each configuration needs to be justified.
Impact on random access procedures
Regarding the impact to random-access procedures, the following was agreed in RAN1 #110: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)


In legacy systems for connected mode UEs, PDCCH order can be used to trigger contention-free random access to acquire UL timing when it goes out-of-sync. The PDCCH order for this purpose can be used either for the PCell (for PTAG) or SCell (for STAG). In either case, UE transmits the PRACH in the cell for which the UL timing re-sync is required in response to the PDCCH order, and then RAR PDCCH/PDSCH is received on the PCell. The RAR PDSCH indicates the absolute TA value (12 bits) for the cell in which the PRACH is transmitted on. This is illustrated in Figure 2.
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[bookmark: _Ref101182590]Figure 2: CFRA triggered by PDCCH order to acquire UL timing for PCell / SCell.
In the case of two TAGs in a CC (either PCell or SCell), some further enhancement may be needed with respect to impact to the PDCCH order for acquiring UL timing for the two TRPs. In particular, UE needs to know whether the indicated TA command in RAR PDSCH corresponds to the first TAG or the second TAG in the CC. This can be indicated either by the PDCCH order DCI itself, the CORESETPoolIndex value associated with the PDCCH order, or through the reserved bit of the RAR PDSCH.
Proposal 6: At least for CFRA triggered by PDCCH order for intra-cell multi-DCI based mTRP with two TAGs, support one of the following alternatives for determination of whether TA command in RAR PDSCH corresponds to the first TAG or second TAG:
· Alt 1: One (reserved) bit of the PDCCH order DCI is used.
· Alt 2: The coresetPoolIndex value associated with the PDCCH order DCI is used.
· Alt 3: The reserved bit of the PDSCH RAR is used.

The above discussion assumes intra-cell multi-DCI based mTRP, where the association of the SSB indices / PRACH occasions to each TRP is not explicitly indicated to the UE (transparent so far), and PDCCH order can indicate a corresponding SSB index and PRACH occasion for CFRA using existing procedures (and hence the only impact is to indicate TA in RAR corresponds to which of the two TAGs as discussed above). However, in the case of inter-cell multi-DCI based mTRP (which was also agreed to be supported in RAN1 #109-e), the following aspects should be additionally discussed:
· PRACH configurations corresponding to additional PCI(s)
· PDCCH order enhancements to indicate a corresponding PRACH configuration for a serving cell PCI or additional PCI
· Reception of Type1 CSS for the PDCCH that schedules RAR PDSCH 

Furthermore, the aspects above should be discussed for both active additional PCI and inactive additional PCIs given that in Rel-17 inter-cell mTRP, up to 7 additional PCIs can be RRC-configured. For example, with respect to PRACH configurations corresponding to addition PCI(s), such RRC configurations are needed for all additional PCIs irrespective of active or inactive. However, for PDCCH order or indication of absolute TA in RAR PDSCH, there is a point in differentiating active additional PCI versus inactive additional PCI. This is because when a PCI is not active, UE does not transmit any UL channel/signal toward that TRP until TCI state activation MAC-CE indicates a TCI state associated with that PCI. Hence, the indication of absolute TA in RAR PDSCH may not be necessary, but it may still be possible to trigger CFRA by PDCCH order (i.e., w/o the subsequent RACH procedures) for the inactive PCI to acquire the timing and get prepared before that PCI is activated. 
[bookmark: _Hlk114329241]In addition, in Rel-17 inter-cell mTRP, Type1 CSS cannot be from an additional PCI. For the purpose of Rel-18 enhancements, it should be discussed whether this constraint is kept or not. 
· If this condition is kept, it means that Type-1 CSS still needs to come from the serving PCI. Then, the following two aspects need to be addressed: a) whether additional delay for starting the MSG2 response window would be needed to accommodate the non-ideal backhaul between two TRPs, and b) whether the existing QCL relationship in SpCell between PDCCH order DCI and RAR PDCCH/PDSCH needs to be relaxed when PDCCH order is coming from additional PCI but Type1 CSS is coming from serving PCI.
· If this condition is relaxed, how to receive Type 1 CSS from additional PCI requires some discussions since currently one SS set can be configured for Type 1 CSS.
 
Proposal 7: For CFRA triggered by PDCCH order for inter-cell multi-DCI based mTRP with two TAGs:
· Support separate PRACH configurations corresponding to each additional PCI(s).
· Support one of the following alternatives to determine whether PDCCH order triggers PRACH for a serving cell PCI or an additional PCI:
· Alt 1: One or more reserved bits of the PDCCH order DCI is used.
· Alt 2: The coresetPoolIndex value associated with the PDCCH order DCI is used.
· FFS 1: Reception of Type1 CSS for the PDCCH that schedules RAR PDSCH. 
· Whether Type1 CSS can be transmitted from an additional PCI or not.
· FFS 2: Whether PRACH for a configured additional PCI that is not active yet can be triggered by PDCCH order or not.

One additional impact to random access procedures is related to 2-step RACH, where the “Absolute Timing Advance Command MAC CE” can be included in a PDSCH scheduled by a PDCCH in response to MSGA transmission (in case of C-RNTI). This MAC-CE currently has two octets with 12 bits for TA command and 4 reserved bits. When the cell is configured with two TAGs, MAC-CE needs to indicate whether the indicated absolute TA command corresponds to the first TAG or the second TAG. For this purpose, one of the reserved bits can be used:
Proposal 8: For a CC that is configured with two TAGs, support using a reserved bit of the “Absolute Timing Advance Command MAC CE” to indicate whether the TA command corresponds to the first TAG or the second TAG.
So far, only one random-access procedure can be ongoing at any point in time in a MAC entity. However, with 2 TA enhancements for multi-DCI based mTRP, there is some motivation for allowing two parallel random-access procedures. Note that this does not mean that PRACH transmissions are simultaneous, but it means while one random-access procedure is ongoing, another random-access procedure can also start. This enhancement allows for reducing latency for UL synchronization when both TAs are out-of-sync. Furthermore, in the case of non-ideal backhaul, one TRP need to know exactly when an ongoing random-access procedure for the other TRP is finished before it can initiate another one, e.g., by sending a PDCCH order to acquire UL timing. 
Proposal 9: For multi-DCI based mTRP with two TAs, support two parallel random-access procedures in a MAC entity.
Conclusion 
In this contribution, we proposed:
Proposal 1: Send an LS to RAN2 regarding how PTAG is defined when a multi-DCI based mTRP CC is a SpCell and is configured with two TAGs.
Proposal 2: For multi-DCI multi-TRP operation with two TAs, support Alt 1:  Two reference timings of DL reception are considered.
· UE can indicate whether the Rx timing difference at the UE can be larger than CP length as an additional capability. Otherwise, Rx timing difference at the UE is assumed to be no larger than CP length.
· Even for a UE that indicates such capability, Rx timing difference is limited by MRTD requirements for inter-band CA.
· For a TAG associated with a coresetPoolIndex value, “the first detected path (in time) in the reference CC” is based on the DL-RS of the active TCI states associated with the same coresetPoolIndex value.

Proposal 3: For multi-DCI based multi-TRP operation with two TA’s, support Option 2: The two TAG IDs are associated with the two coresetPoolIndex values, and association between UL channels/signals and the two TAG IDs is determined based on coresetPoolIndex value.
· For dynamic UL channels/signals: Reuse Rel-16 rule for associated coresetPoolIndex value.
· For periodic/semi-persistent UL channels/signals: RRC configures the associated coresetPoolIndex value. 

Proposal 4: For TDM multi-DCI based multi-TRP operation with two TAs, support one of the following options to handle overlapping part between two UL transmissions associated with two TAs.
· Option 1: UE does not expect the two UL transmissions to overlap in actual (physical) time, even partially.
· Option 2: UE drops the overlapping part of one of the UL transmissions (reduces the duration of one of the UL transmissions).
· FFS: Which UL transmission is considered. 
· Option 3: It is left to UE implementation how to handle the overlapping part between two UL transmissions, i.e., it is treated similar to “transient period”.
· For option 1 and option 2, the condition or dropping applies after UE determines the two UL channels/signals are to be transmitted (e.g., after legacy UCI multiplexing / UL dropping / limitations for UE transmission as described in clause 11.1 of 38.213).

Proposal 5: Study necessary conditions to ensure consistency of TA configurations across different CCs. Use case for each configuration needs to be justified.

Proposal 6: At least for CFRA triggered by PDCCH order for intra-cell multi-DCI based mTRP with two TAGs, support one of the following alternatives for determination of whether TA command in RAR PDSCH corresponds to the first TAG or second TAG:
· Alt 1: One (reserved) bit of the PDCCH order DCI is used.
· Alt 2: The coresetPoolIndex value associated with the PDCCH order DCI is used.
· Alt 3: The reserved bit of the PDSCH RAR is used.

Proposal 7: For CFRA triggered by PDCCH order for inter-cell multi-DCI based mTRP with two TAGs:
· Support separate PRACH configurations corresponding to each additional PCI(s).
· Support one of the following alternatives to determine whether PDCCH order triggers PRACH for a serving cell PCI or an additional PCI:
· Alt 1: One or more reserved bits of the PDCCH order DCI is used.
· Alt 2: The coresetPoolIndex value associated with the PDCCH order DCI is used.
· FFS 1: Reception of Type1 CSS for the PDCCH that schedules RAR PDSCH. 
· Whether Type1 CSS can be transmitted from an additional PCI or not.
· FFS 2: Whether PRACH for a configured additional PCI that is not active yet can be triggered by PDCCH order or not.

Proposal 8: For a CC that is configured with two TAGs, support using a reserved bit of the “Absolute Timing Advance Command MAC CE” to indicate whether the TA command corresponds to the first TAG or the second TAG.
Proposal 9: For multi-DCI based mTRP with two TAs, support two parallel random-access procedures in a MAC entity.
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