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Introduction 
In this contribution, we will share our views on the following issues:
· Enable two TAs within a same serving cell
· One or two reference timings within a same serving cell
· RACH procedure and initial TA indication
Discussion
Enable two TAs within a same serving cell
In RAN1#110, RAN1 agreed that two TAGs can be configured within a serving cell [1]. Regarding how to associate the configured two TAGs with UL transmission in the serving cell, four options were identified in RAN1#110 [1]:
· 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 our view, Option 1 provides better flexibility and forward compatibility to support different use cases. Since any PUSCH/PUCCH/SRS transmission in FR2 shall be indicated with a spatial relation or a TCI state (at least when unified TCI framework is configured), UE can determine the TA for PUSCH/PUCCH/SRS transmissions based on the indicated/configured spatial relation(s) or TCI state(s) for both intra-cell and inter-cell MTRP. Moreover, UE can naturally determine the reference timing for a TAG based on reference RS of an associated spatial relation/TCI state.
The only problem in Option 1 is UL transmission may not be provided with TCI-state/spatial relation in FR1. This issue can be resolved by introducing the association between DL TCI state and TAG, such that PUSCH/PUCCH/ SRS transmission scheduled/activated/triggered by PDCCH can just follow the TAG associated with the DL TCI state applying to the PDCCH. For semi-static PUSCH/PUCCH/SRS transmission, Option 4 can be adopted.
Observation 1: On association between the configured two TAGs and UL transmissions, Option 1 provides flexibility and forward compatibility to enable two TAs for PUSCH/PUCCH/SRS transmissions in different use cases at least in FR2
Observation 2: On association between the configured two TAGs and UL transmissions, for Option 1, UE can naturally determine the reference timing for a TAG based on reference RS of an associated spatial relation/TCI state 
Observation 3: On association between the configured two TAGs and UL transmissions, the only problem in Option 1 is UL transmission may not be provided with TCI-state/spatial relation in FR1, which can be resolved by introducing the association between DL TCI state and TAG.
On Option 2, it is the most straightforward way in M-DCI based MTRP, where UE can determine the TA at least for PUSCH/PUCCH or AP-SRS transmissions according to the coresetPoolIndex corresponding to the scheduling /activating/triggering DCI. However, Option 1 is insufficient for PUSCH/PUCCH or SRS transmission that don’t have the association with coresetPoolIndex, and Option 4 is necessary as a supplemental solution.
However, Option 2 still cannot provide forward compatibility to support other operation w/o M-DCI based MTRP. Note that in Rel-18 mobility WID, there is also a RAN1 topic on TA enhancement, and the use case is not limited to M-DCI based MTRP. We prefer to have a unified solution for TA management not only in Rel-18 MIMO but also in Rel-18 mobility. On the other hand, since there is no association between DL RS and coresetPoolIndex in current specification, it is unclear that how to determine the reference timing for each TAG based on Option 2 if two TAGs are configured within one serving cell.
Observation 4: On association between the configured two TAGs and UL transmissions, Option 2 and Option 4 must be supported together
Observation 5: On association between the configured two TAGs and UL transmissions, Option 2 cannot provide compatibility to support operation w/o coresetPoolIndex configuration, e.g., Rel-17 ICBM and Rel-18 mobility
Observation 6: On association between the configured two TAGs and UL transmissions, since there is no association between DL RS and coresetPoolIndex in current specification, it is unclear that how to determine the reference timing for each TAG based on Option 2 if two TAGs are configured within one serving cell
Like Option 1, Option 3 also provides better flexibility and forward compatibility to support different use cases. Moreover, not only in FR2 but also in FR1, any PUSCH/PUCCH/SRS transmission shall be provided with a PL-RS, thus UE can determine the TA for any PUSCH/PUCCH/SRS transmission based on the associated PL-RS. However, one potential issue in Option 3 is UE may not be able to determine the reference timing from a DL RS group including only PL-RS since PL-RS doesn’t have to be SSB or TRS.
Observation 7: On association between the configured two TAGs and UL transmissions, Option 3 provides flexibility and forward compatibility to enable two TAs for PUSCH/PUCCH/SRS transmissions in different use cases in both FR1 and FR2
Observation 8: On association between the configured two TAGs and UL transmissions, UE may not be able to determine the reference timing based on Option 3 if there is no SSB or TRS in a DL RS group
In summary, we prefer Option 1. to associate the configured two TAGs with UL transmissions.
Proposal 1: When two TAGs are configured within a serving cell, support the association between TCI state/spatial relation and TAG

	One or two reference timings within a same serving cell
In RAN1#109 and RAN1#110, whether to support two reference timings within a same serving cell was intensively discussed. One common understanding is one single reference timing still can make sure the alignment of DL Tx timing and UL Tx timing at each TRP even propagation delays to the same UE are different over TRPs and TRPs have different DL Tx timings. However, the maintenance of reference timing for each TAG would be complicated since different TAGs must share one single reference timing if they are configured in the same serving cell. To make timing maintenance of each TAG self-contained, we are fine to support two reference timings within a same serving cell. However, this should not impact intra/inter-cell M-DCI based MTRP for DL specified in Rel-16/17, i.e., the DL Rx timing difference between two TRPs should not larger than one CP.
Proposal 2: When two TAGs are configured within a serving cell, support two reference timings for the two TAGs, respectively. Note: This doesn’t imply the change of maximum Rx timing difference between the DL transmissions from two TRPs that UE may assume for M-DCI based MTRP
 
RACH procedure and initial TA indication
In current NR, the initial TA value estimated by NW can be indicated thought RAR in response PRACH transmission. Since each serving cell can be associated with one single TAG-ID, even without explicit indication of TAG-ID in RAR, UE can determine the indicated initial TA value in RAR should apply to which TAG according the PRACH transmission is tiggered on which serving cell. However, if two TAGs are configured within a same serving cell, it would be ambiguous that the indicated initial TA value should apply to which TAG. 
To avoid the ambiguity, some potential solutions can be considered for RACH triggered by PDCCH order.
· Option 1: If a TAG is associated with a coresetPoolIndex value, the initial TA value indicated by an RAR in response to a PRACH transmission triggered by DCI format 1_0 on a CORESET associated with a coresetPoolIndex is applied to the TAG corresponding to the coresetPoolIndex, as shown in Figure 1.
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Figure 1. Potential solution to determine which TAG should apply the initial TA value indicated by RAR

· Option 2: If each TCI state can be associated with a TAG, the initial TA value indicated by an RAR in response to a PRACH transmission triggered by DCI format 1_0 on a CORESET is applied to the TAG corresponding to the TCI state used as the QCL assumption for the CORESET, as shown in Figure 2.
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Figure 2. Potential solution to determine which TAG should apply the initial TA value indicated by RAR

· Option 3: Use some of the reserve bits in PDCCH order to carry a TAG-ID. The initial TA value indicated by an RAR in response to a PRACH transmission initiated by PDCCH order applies to the TAG corresponding to the TAG-ID carried by the PDCCH order.

· Option 4: Introduce new signaling to trigger RACH. For example, if each TCI state can be associated with a TAG, TCI activation command (MAC-CE) can trigger RACH procedure based on a certain TCI state that is to be activated by the command, and the initial TA value indicated by an RAR in response to the PRACH transmission applies to the TAG corresponding to the TAG-ID associated with the TCI state. The new signaling can also indicated preamble index and PRACH mask index for CFRA.
Proposal 3: If two TAGs are configured within the serving cell, study how to indicate/determine which TAG should apply the initial TA value indicated by RAR in response to PRACH transmission triggered by PDCCH order on the serving cell, the following options can be considered:
· Option 1: If a TAG is associated with a coresetPoolIndex value, the initial TA value indicated by an RAR in response to a PRACH transmission triggered by DCI format 1_0 on a CORESET associated with a coresetPoolIndex is applied to the TAG corresponding to the coresetPoolIndex
· Option 2: If each TCI state can be associated with a TAG, the initial TA value indicated by an RAR in response to a PRACH transmission triggered by DCI format 1_0 on a CORESET is applied to the TAG corresponding to the TCI state used as the QCL assumption for the CORESET
· Option 3: Use some of the reserve bits in PDCCH order to carry a TAG-ID. The initial TA value indicated by an RAR in response to a PRACH transmission initiated by PDCCH order applies to the TAG corresponding to the TAG-ID carried by the PDCCH order
· Option 4: Introduce new signaling to trigger RACH 

In RRC-connected mode, UL synchronization is mainly based on RACH triggered by NW, thus we don’t the need to enhance RACH triggered by UE. However, if two TAGs are configured within a serving cell, it may be still ambiguous that which TAG should apply the initial TA value indicated by RAR in response to PRACH transmission triggered by UE on the serving cell. In our view, this issue can be resolved by pre-defined rule, e.g., the initial TA value shall be applied to the TAG with lowest TAG-ID.
Proposal 4: If two TAGs are configured within the serving cell, which TAG should apply the initial TA value indicated by RAR in response to PRACH transmission triggered by UE can be determined based a pre-defined rule, e.g., the initial TA value shall be applied to the TAG with lowest TAG-ID.

Conclusion
In this contribution, extension of unified TCI framework for MTRP operation was discussed. Based on the discussion in the previous sections, we made the following proposals and observations:
Observation 1: On association between the configured two TAGs and UL transmissions, Option 1 provides flexibility and forward compatibility to enable two TAs for PUSCH/PUCCH/SRS transmissions in different use cases at least in FR2
Observation 2: On association between the configured two TAGs and UL transmissions, for Option 1, UE can naturally determine the reference timing for a TAG based on reference RS of an associated spatial relation/TCI state 
Observation 3: On association between the configured two TAGs and UL transmissions, the only problem in Option 1 is UL transmission may not be provided with TCI-state/spatial relation in FR1, which can be resolved by introducing the association between DL TCI state and TAG.
Observation 4: On association between the configured two TAGs and UL transmissions, Option 2 and Option 4 must be supported together
Observation 5: On association between the configured two TAGs and UL transmissions, Option 2 cannot provide compatibility to support operation w/o coresetPoolIndex configuration, e.g., Rel-17 ICBM and Rel-18 mobility
Observation 6: On association between the configured two TAGs and UL transmissions, since there is no association between DL RS and coresetPoolIndex in current specification, it is unclear that how to determine the reference timing for each TAG based on Option 2 if two TAGs are configured within one serving cell
Observation 7: On association between the configured two TAGs and UL transmissions, Option 3 provides flexibility and forward compatibility to enable two TAs for PUSCH/PUCCH/SRS transmissions in different use cases in both FR1 and FR2
Observation 8: On association between the configured two TAGs and UL transmissions, UE may not be able to determine the reference timing based on Option 3 if there is no SSB or TRS in a DL RS group
Proposal 1: When two TAGs are configured within a serving cell, support the association between TCI state/spatial relation and TAG
Proposal 2: When two TAGs are configured within a serving cell, support two reference timings for the two TAGs, respectively. Note: This doesn’t imply the change of maximum Rx timing difference between the DL transmissions from two TRPs that UE may assume for M-DCI based MTRP
Proposal 3: If two TAGs are configured within the serving cell, study how to indicate/determine which TAG should apply the initial TA value indicated by RAR in response to PRACH transmission triggered by PDCCH order on the serving cell, the following options can be considered:
· Option 1: If a TAG is associated with a coresetPoolIndex value, the initial TA value indicated by an RAR in response to a PRACH transmission triggered by DCI format 1_0 on a CORESET associated with a coresetPoolIndex is applied to the TAG corresponding to the coresetPoolIndex
· Option 2: If each TCI state can be associated with a TAG, the initial TA value indicated by an RAR in response to a PRACH transmission triggered by DCI format 1_0 on a CORESET is applied to the TAG corresponding to the TCI state used as the QCL assumption for the CORESET
· Option 3: Use some of the reserve bits in PDCCH order to carry a TAG-ID. The initial TA value indicated by an RAR in response to a PRACH transmission initiated by PDCCH order applies to the TAG corresponding to the TAG-ID carried by the PDCCH order
· Option 4: Introduce new signaling to trigger RACH 
Proposal 4: If two TAGs are configured within the serving cell, which TAG should apply the initial TA value indicated by RAR in response to PRACH transmission triggered by UE can be determined based a pre-defined rule, e.g., the initial TA value shall be applied to the TAG with lowest TAG-ID.
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