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1. Introduction
[bookmark: OLE_LINK1]For multi-DCI multi-TRP with two TAs, in last meeting RAN2 had confirmed to configure two TAGs with each one associated with a TAT to support this feature,
	Configure one TAT per TAG to support two TAs for a serving cell, i.e., in this case 2 TAGs are configured for the serving cell. 


Based above agreement, the post email [1] was used to further discuss the possible RAN2 impact with consideration of RAN1 reply LS [2], mainly including the aspects such as the restriction on the association between TRPs and TAGs, maximum number of TAGs per cell group, UE behavior upon the expiry of TAT, and RACH impact for preamble transmission. But the companies’ views on some issues are still divergent.
In this paper, we provide a further consideration on multi-DCI multi-TRP with two TAs, including the open issues and the issues with different company views in the post email [1]. The details are as follows,
· On the definition of PTAG
· UE behavior upon the expiry of TAT(s)
· The application of TA/NTA_offset
· TA acquisition upon handover
[bookmark: _GoBack]2. Discussions
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]On the definition of PTAG
In legacy, a Timing Advance Group containing the SpCell of a MAC entity is referred as Primary Timing Advance Group (PTAG). Only one PTAG exists per MAC entity, and the others are called as STAGs. Each TAG is associated with a timer (TAT) to maintain the TA validity. For the STAG, the UE shall perform the corresponding behavior for the serving cell belonging to the STAG when the associated TAT expires. For the PTAG, UE shall consider all the TAT expiry when the TAT associated with PTAG expires.
When considering multi-DCI multi-TRP with two TAs, the SpCell could be contained in two TAGs. As many companies mentioned in the post email discussion [1], whether to support one or two PTAG(s) will impact the UE behavior when the expiry of TAT(s) associated with PTAG(s) occur, therefore we should firstly confirm the definition of PTAG.
Only one PTAG is defined in legacy, thus defining one PTAG for multi-DCI multi-TRP can reuse the legacy to the maximum extent. If two PTAGs are defined, we need to further consider the cases where one or two TATs expire for PTAG(s), which will introduce more standard work. So we prefer to define one PTAG when the SpCell is configured with two TAGs.
Proposal 1: For multi-DCI multi-TRP with two TAs, if the SpCell is configured with two TAGs, only one PTAG is defined.
As agreed by RAN1 112bis meeting, upon TA acquisition, RAR is only received from the 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


The Type 1 CSS is defined in RAN1 spec [3] as,
	[bookmark: OLE_LINK2]-	a Type1-PDCCH CSS set configured by ra-SearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a RA-RNTI, a MsgB-RNTI, or a TC-RNTI on the primary cell


Considering the essentiality of the Type 1 CSS, we suggest the TAG associated with Type 1 CSS is defined as the PTAG. As legacy, the PTAG is identified as TAG ID 0.
Proposal 2: For multi-DCI multi-TRP with two TAs, if the SpCell is configured with two TAGs, PTAG is defined as the TAG associated with Type 1 CSS, and is identified by TAG ID 0.
UE behavior upon the expiry of TAT(s)
One of the issues in the post email discussion [1] aims to gather the views on the topic of UE behavior upon the expiry of TAT(s). Unfortunately the companies’ views are not well converged because of many possible cases caused by the modeling of PTAG. As suggested by our Proposal 1, only one TAG is defined as the PTAG, based on which we further share our views on this issue. For the detailed UE behavior, the list of possible UE actions in the post email discussion [1] is taken as baseline for discussion,
	1. not perform any uplink transmission except the Random Access Preamble and MSGA transmission;
2. flush all HARQ buffers;
3. [bookmark: OLE_LINK15][bookmark: OLE_LINK16]notify RRC to release PUCCH, if configured;
4. notify RRC to release SRS, if configured;
5. clear any configured downlink assignments and configured uplink grants;
6. clear any PUSCH resource for semi-persistent CSI reporting;
7. maintain NTA (defined in TS 38.211 [8]) of this TAG;
8. consider all running timeAlignmentTimers as expired.


In legacy, when the TAT associated with PTAG expires, the UE shall consider all TATs associated with PTAG and STAG(s) to be expired. When considering the enhancement on a serving cell associated with two TAGs, we think the similar principle should be followed for simplicity, i.e., if the TAT of the PTAG expires, the UE considers all the TATs associated with any TAG to be expired. Thus the corresponding UE behavior should take the legacy as baseline, i.e., above mentioned actions 1-8.
Proposal 3: For multi-DCI multi-TRP with two TAs, if the TAT of PTAG expires, UE performs the follow actions for all serving cells, i.e.,
- Not perform any uplink transmission except the Random Access Preamble and MSGA transmission;
- Flush all HARQ buffers;
- Notify RRC to release PUCCH, if configured;
- Notify RRC to release SRS, if configured;
- Clear any configured downlink assignments and configured uplink grants;
- Clear any PUSCH resource for semi-persistent CSI reporting;
- Maintain NTA (defined in TS 38.211 [8]) of all TAGs;
- Consider all running timeAlignmentTimers as expired.
For the scenario of STAG expiry while the PTAG is running, it is related to the RAN1 reply LS [2] as following,
	Question 2 on operation
Q2: When the time-alignment timer associated with one of the TRPs of a serving cell expires, are certain UL or DL operation only impacted towards that TRP while they are not impacted towards the another TRP? If so, which UL or DL operation?
Answer: RAN1 confirms that when the TA timer associated to one TRP expires for a TAG associated with a TCI state, UL or DL operation associated to the another TRP is not impacted. This further depends on PTAG/STAG definition, which is up to RAN2 to decide.

Which UL or DL operation is impacted have not been discussed in RAN1.


As mentioned above, RAN1 has confirmed the per-TRP operation only with the detailed UL/DL operation needing further clarification. This means that for the cell(s) contained in the STAG with expired TAT, if a certain cell within them is configured with two TAGs, the UE only needs to perform some operation (which UL/DL operations wait for RAN1) related to the TRP contained in this STAG. If a certain cell within them is configured with only one TAG, it is the legacy case, and thus the UE should perform the above 1-7 actions for this cell as legacy.
Proposal 4: When all TATs associated with the serving cell are expired, while the PTAG is still running, UE performs the following actions on the serving cell:
- Not perform any uplink transmission except the Random Access Preamble and MSGA transmission;
- Flush all HARQ buffers;
- Notify RRC to release PUCCH, if configured;
- Notify RRC to release SRS, if configured;
- Clear any configured downlink assignments and configured uplink grants;
- Clear any PUSCH resource for semi-persistent CSI reporting;
- Maintain NTA (defined in TS 38.211 [8]) of this TAG.
Proposal 5: For the serving cell configured with two TAGs, if only one TAT associated with the serving cell is expired, while the TAT of PTAG is running, wait for RAN1 progress on the UE behaviors.
The application of TA/NTA_offset
· Consideration on TA application
Currently, if UE decides to perform RACH for the initial TA acquisition, RAR/the Absolute Timing Advance Command MAC CE can be used by the network to include the TA command to inform UE of the value for timing advance. Regarding how to let UE know to which TAG the TA information shall be applied, this needs further consideration.
For the inter-cell scenario, if UE performs CFRA by PDCCH order, RAN1 has agreed that the dedicated RACH resource shall be configured for UE to acquire the TA for each configured additional PCI,
	Agreement
Confirm the following working assumption:
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


So there is no need to make enhancement for TAG indication as UE can know which TAG the acquired TA should be applied based on resource used for RACH procedure.
When UE performs CBRA for TA acquisition, according to the previous RAN1 agreement, CBRA triggered by PDCCH order is not supported.
	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.


When considering the UE initialized CBRA, as per the RAN2 agreement in last meeting,
	From RAN2 perspective, per TRP UE-initiated RACH procedure is not supported.


UE shall firstly trigger CBRA on the TRP with the serving cell PCI to recover the UL transmission, and thus has also no confusion on the UE side. If the NW wants to control UE to recover the UL transmission on another TRP by PDCCH order, the dedicated RACH resource shall be used by UE to trigger CFRA on the cell with additional PCI, so also with no confusion on this case.
Observation 1: For the inter-cell multi-DCI multi-TRP with two TAs, UE can know to which TAG the acquired TA upon RACH procedure shall be applied based on the used RACH resource.
For the intra-cell scenario, now RAN1 only has the following two candidate solutions for further selection,
	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 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.


If Alt 3 is finally selected, then there is no need to enhance RAR/the Absolute Timing Advance Command MAC CE for further indication.
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]Consideration on NTA_offset application
Besides the TA application in RAR/the Absolute Timing Advance Command MAC CE, another issue mentioned in RAN2 post email discussion [1] is the timing advance for preamble transmission, i.e., how UE to decide which NTA_offset to use, as now RAN1 has agreed that up to two NTA_offset can be configured per serving cell.
	Agreement
For multi-DCI multi-TRP operation with two TAs, up to two n-TimingAdvanceOffset value per serving cell is supported


According to the RRC parameter provided by RAN1 [4], the IE n-TimingAdvanceOffset2-r18 is configured by dedicated signaling within the IE ServingCellConfig.
For the inter cell scenario, there is no need to do any enhancement, because once the NW indicate UE by PDCCH order to perform RACH to a certain cell associated with an additional PCI, the n-TimingAdvanceOffset2-r18 provided by dedicated signaling should be used for preamble transmission. The n-TimingAdvanceOffset in ServingCellConfigCommon/ServingCellConfigCommonSIB should always be used for the current serving cell.
For the intra cell scenario, this is indeed an issue only for the “out of sync” of both TRPs, as in this case UE cannot know the association between TRP and NTA_offset when performing RACH. If only one TRP (for example, TRP1) is in the “out of sync”, UE can know which NTA_offset to use as another one has been used for preamble transmission by TRP2. To handle this issue, a candidate solution in post email [1] is also to divide SSBs into different groups, similar as above Alt 3. Otherwise, we need do further enhancement for this issue.
As can be seen from above analysis, if the SSBs are divided into two groups as mentioned in Alt3, with each group associated with a certain TRP, then the above two issues can be resolved through a unified solution. Also, by this way no much spec impact shall be introduced from RAN2 perspective. Therefore it is suggested that,
Proposal 6: For multi-DCI multi-TRP with two TAs, take the Alt 3 as baseline, i.e. divide SSBs into two groups with one for each TRP.
TA acquisition upon handover
In legacy L3 handover, when UE receives ReconfigWithSync, UE will trigger RACH to acquire the TA information in the target cell.
When considering multi-DCI multi-TRP with two TAs, there may be the case where the target cell is associated with two TAGs, therefore a basic issue is whether we need enhancement for UE to acquire two TAs for two TRPs associated with different TAGs upon handover execution.
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Option 1 – Only acquire one TA for a TRP associated with a certain TAG
Option 1 aims to follow legacy as much as possible, which has less spec impact. By Option 1, when UE performs handover, UE only triggers RACH at a certain TRP to acquire the TA for the associated TAG. Before the expiry of T304, UE considers the successful access of the target cell upon completion of the RACH procedure. Then based on NW implementation, the gNB can send PDCCH order in the target cell to trigger RACH on another TRP to acquire the TA for the corresponding associated TAG.
· Option 2 – Acquire two TAs for two TRPs associated with different TAGs
Option 2 requires UE to perform RACH procedure at the two TRPs during handover. With Option 2, there may need much effort from RAN2 perspective. Currently, the MAC protocol only supports one ongoing RACH procedure at a time. Even UE can perform another RACH procedure after the completion of the first RACH procedure, it also exists the RACH resource indication issue that needs further RAN2 consideration. In legacy handover, UE is provided by the target cell with the dedicated RACH resource for access to the target cell. When considering two RACH procedures upon handover, dedicated RACH resource for two TRPs are needed but the current RRC configuration does not support this.
In summary, Option 1 can work well and we do not see much motivation to make enhancement on the handover scenario, therefore it is suggested that,
Proposal 7: For multi-DCI multi-TRP with two TAs, during handover to the target cell associated with two TAGs, UE performs RACH to acquire the TA of PTAG.
3. Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]This paper further discusses some open issues on the multi-DCI multi-TRP with two TAs. The contribution of this paper is summarized as follows,
Observation 1: For the inter-cell multi-DCI multi-TRP with two TAs, UE can know to which TAG the acquired TA upon RACH procedure shall be applied based on the used RACH resource.
On the definition of PTAG
Proposal 1: For multi-DCI multi-TRP with two TAs, if the SpCell is configured with two TAGs, only one PTAG is defined.
Proposal 2: For multi-DCI multi-TRP with two TAs, if the SpCell is configured with two TAGs, PTAG is defined as the TAG associated with Type 1 CSS, and is identified by TAG ID 0.
UE behavior upon the expiry of TAT(s)
Proposal 3: For multi-DCI multi-TRP with two TAs, if the TAT of PTAG expires, UE performs the follow actions for all serving cells, i.e.,
- Not perform any uplink transmission except the Random Access Preamble and MSGA transmission;
- Flush all HARQ buffers;
- Notify RRC to release PUCCH, if configured;
- Notify RRC to release SRS, if configured;
- Clear any configured downlink assignments and configured uplink grants;
- Clear any PUSCH resource for semi-persistent CSI reporting;
- Maintain NTA (defined in TS 38.211 [8]) of all TAGs;
- Consider all running timeAlignmentTimers as expired.
Proposal 4: When all TATs associated with the serving cell are expired, while the PTAG is still running, UE performs the following actions on the serving cell:
- Not perform any uplink transmission except the Random Access Preamble and MSGA transmission;
- Flush all HARQ buffers;
- Notify RRC to release PUCCH, if configured;
- Notify RRC to release SRS, if configured;
- Clear any configured downlink assignments and configured uplink grants;
- Clear any PUSCH resource for semi-persistent CSI reporting;
- Maintain NTA (defined in TS 38.211 [8]) of this TAG.
Proposal 5: For the serving cell configured with two TAGs, if only one TAT associated with the serving cell is expired, while the TAT of PTAG is running, wait for RAN1 progress on the UE behaviors.
The application of TA/NTA_offset
Proposal 6: For multi-DCI multi-TRP with two TAs, take the Alt 3 as baseline, i.e. divide SSBs into two groups with one for each TRP.
TA acquisition upon handover
Proposal 7: For multi-DCI multi-TRP with two TAs, during handover to the target cell associated with two TAGs, UE performs RACH to acquire the TA of PTAG.
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