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1. Introduction
According to the work plan [1], RAN2 is expected to continue high-level discussion on introduction of two TAs.
	Meeting
	TU
	Work plan

	RAN2#122
	0.5
	Two-TA
Continue discussion on high-level views on RAN2 (MAC, RRC, UE capability) impacts of introducing two TAGs for one serving cell.
MAC
Continue discussion on high-level views on MAC issues based on RAN1 LS (R1-2302226). Also, can discuss other issues based on companies’ interests.
RRC
Wait for RAN1 parameter list, but it is not precluded that RAN2 start discussion on RRC impacts early based on companies’ interests.


This contribution summarizes current status of open issues and categorize them to ready to discuss, waiting for other WGs, and resolved to share our view on a way forward in this meeting.

2. Discussion
2.1. Open issues to discuss
2.1.1  Indication of TAG ID via absolute TAC MAC CE
RAN1 agreed to support enhancements to indicate TAG ID via absolute TA command in August meeting last year (RAN1#110) [2].
	Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, support enhancements related to indicating TAG ID via absolute TA command:
· FFS: whether the indication is implicit or explicit
· Detailed indication schemes are FFS
· This does not preclude indication of two TAG IDs (if supported)
· Note: This applies at least to MSGB in case of C-RNTI



Then RAN1 made a conclusion to leave the discussion on the way to indicate TAG ID to RAN2 in April meeting (RAN1#112bis-e) [3].
	Conclusion 
For multi-DCI based Multi-TRP operation with two TA enhancement, how to indicate the TAG ID via absolute TA command MAC CE is left up to RAN2:
· One of two TAG IDs configured in the SpCell can be indicated.


Please find Issue 4 in the RAN1 offline summary [4] and a continuous round here to check what RAN1 had discussed before making above conclusion.
Observation 1.	RAN1 agreed to support enhancements to indicate TAG ID via absolute TA command and left details up to RAN2.
Note: In RAN2, some companies also raised an issue in their contributions in April meeting: how UE gets aware of which TAG to apply the TA received via TAC in RAR? We understand these are to resolve the same issue, but please correct if not.
	Company
	TDoc#
	Proposal

	Lenovo
	R2-2303249
	Proposal 3: RAN2 to discuss which TRP should be recovered first when RACH procedure is triggered because of UL data arrival and uplink time not aligned.

	Qualcomm
	R2-2303560
	Proposal 4: RAN2 to study the enhancement on the TA update to be applied for which TAG.

	Nokia
	R2-2303691
	Observation 2: For the intra-cell scenario where different SSBs apply to different TRPs, the UE needs to be made aware which TAG the TAC in RAR/fallbackRAR applies to while for the inter-cell scenario this is not needed – UE would not perform CBRA towards the other TRP in inter-cell scenario.
Proposal 1: When CBRA is performed, UE needs to be made aware to which TAG the TAC in RAR/fallbackRAR applies to transmit Msg3 (and subsequent UL) appropriately.



As long as we look back the RAN1#112bis-e discussion, companies raised two solutions:
· Explicit indication: Enhance absolute TAC MAC CE to indicate TAG ID.
· Implicit indication: No enhancement on MAC CE structure. Ensure that absolute TA command always updates TA with TAG ID = 0.
RAN2 can start discussion on absolute TAC in this meeting as RAN1 left it up to RAN2.
Observation 2.	Two possible solutions, explicit indication and implicit indication, were proposed in RAN1 discussion.
Proposal 1.	RAN2 start discussion on enhancements on absolute TAC to indicate TAG ID. Potential solutions are:
· Explicit indication: Enhance absolute TAC MAC CE to indicate TAG ID.
· Implicit indication: No enhancement on MAC CE structure. Ensure that absolute TA command always updates TA with TAG ID = 0.
In our view, the explicit indication is preferable as it is more straightforward. The implicit indication, on top of that, makes the relationship between two TAGs within a serving cell asymmetric, i.e., one of two TRPs is always utilized for 2-step RACH. Note that we have not agreed whether we should introduce hierarchy between them (details in 2.1.2), thus if we want to introduce implicit indication, we should discuss the hierarchy issue first.
If we go with the explicit indication, a simple way is to utilize reserved bits in Absolute Timing Advance Command MAC CE [5] to indicate TAG ID.
	

Figure 6.1.3.4a-1: Absolute Timing Advance Command MAC CE


Considering we are now asking RAN1 whether we need to extend the maximum number of TAG IDs per MAC entity via LS in the April meeting [6], the actual number of bits for indication is FFS.
Proposal 2.	Utilize reserved bits in Absolute Timing Advance Command MAC CE to indicate TAG ID. FFS on number of bits.

2.1.2  Hierarchy between two TAGs for PCell
RAN2 have not clarified what each of the two TAGs for PCell will be regarded, e.g., PTAG or STAG. Some companies provided views on this issue in their contributions:
	Company
	TDoc#
	Proposal

	OPPO
	R2-2302568
	Proposal 4: When another TAG is introduced for the serving cells belonging to PTAG originally, this TAG is taken as another PTAG (called secondary PTAG). 

	Intel
	R2-2302692
	Observation 4: in case of two TAGs of a serving cell is supported, there can be two PTAGs of a MAC entity.
Proposal 6: only when both TA timers of two PTAGs expire, UE executes the specified UE behaviour for legacy TAT expiry of PTAG.

	Fujitsu
	R2-2303016
	Proposal 1: RAN2 to discuss whether to support at most one or two Primary TAGs per MAC entity.

	Lenovo
	R2-2303248
	Proposal 1: RAN2 to discuss whether one or more of the following terms are used at least for the convenience of describing the multi-TRP operation.
-	Primary TRP and secondary TRP are indicated by the gNB 
· TRP#0 is considered as ‘primary’, other TRP is considered as ‘secondary’
(The PTAG can correspond to the primary TRP and the STAG can correspond to the secondary TRP)

	Apple
	R2-2303422
	Proposal 3: The TAG including TRP#1 and configured with type 1 CSS configuration is regarded as pTAG, and the other TAG of the serving cell is regarded as SCG. 

	Qualcomm
	R2-2303560
	Proposal 1: RAN2 to study how to define PTAG and STAG in the SpCell with 2TAGs and update the relevant UE behaviors when corresponding TAT timer of the associated TAG is expired.

	Ericsson
	R2-2303708
	Ask RAN1: Will the procedures depend on if first timer expire vs if second timer expires? That is, is there a hierarchy between the timers associated to one serving cell(which may be the PCell)?

	InterDigital
	R2-2303732
	Proposal 3: If a PCell is configured with two TAGs, RAN2 to discuss if there is more than one PTAG. If not, RAN2 to discuss how the PTAG is selected.

	Samsung
	R2-2303769
	Proposal 4: A MAC entity has up to 2 PTAGs with each PTAG using one TA for the SpCell.


There seems to be two types of views:
Alt1. One of two TAGs for PCell is PTAG while the other is STAG.
Alt2. Both of two TAGs for PCell are PTAG.
In our understanding, both of them will work, but the difference seems to be changes in spec. If Alt1 is introduced, we will have to change the definition of PTAG to identify “STAG for PCell”. On the other hand, Alt2 will need changes on MAC procedure, e.g., TAT expiry in accordance with future RAN2 (at least the current TAT expiry enforces to release all the resources even one of the two TAGs are expired, which does not seem to align with companies’ understanding, no agreement so far though).
Observation 3.	For introduction of two TA in intra-cell case, 
· If one of two TAGs for PCell is regarded as PTAG while the other is regarded as STAG, RAN2 will have to change the definition of PTAG.
· If both of two TAGs for PCell are regarded as PTAG, RAN2 will have to change MAC procedures according to future functional agreements.
Proposal 3.	RAN2 discuss the definition of relation between two TAGs for PCell. MAC spec impact might be a criterion.

2.1.3  Number of TATs per TAG
Some companies provided their interests on whether we should confirm that one TAT (or more) is applied per TAG:
	Company
	TDoc#
	Proposal

	Fujitsu
	R2-2303016
	Proposal 2: For multi-DCI multi-TRP operation with two TAs, RAN2 should discuss how to handle TA timer, considering:
-	Option 1: TA timer per TAG (i.e. existing mechanism) with some enhancements
-	Option 2: TA timer per serving cell

	Lenovo
	R2-2303249
	Proposal 1: Configure timeAlignmentTimer per TAG in the multi-TRP scenario with two TAs enhancement.
Observation 1: The gNB can determine whether the UL time per TRP is aligned e.g. according to the expiry of TAT per TAG.

	Nokia
	R2-2303690
	Proposal 2: Separate TATs are applied for the different TAGs for a serving cell (ie., same as legacy).

	InterDigital
	R2-2303732
	Proposal 1:	RAN2 to discuss if more than one timeAlignmentTimer is maintained for a cell configured with two TAGs (e.g., one per TAG as in legacy)

	Samsung
	R2-2303769
	Proposal 5: One TAT per TAG is configured and managed to support two TAs for mDCI mTRP.


We would like to note that RAN1 already agreed to support two TAGs to a serving cell [2].
	Agreement:
For multi-DCI based multi-TRP operation with two TAs, support configuring two TAGs belonging to a serving cell.


Basically we also think it should be straightforward to configure one TAT per TAG to manage two TAs per serving cell, if companies do not have concern.
Proposal 4.	Configure one TAT per TAG to support two TAs for a serving cell.

2.1.4  Configuration to associate TAG IDs to TCI state
RAN1 agreed to associate TAG to TCI state in February meeting [7]:
	Agreement
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, support the following:
Associate TAG to TCI-state
· Associate TAG ID with UL/joint TCI state for FR1/FR2 and Rel-15/16 spatial relation in FR2
· For UL transmission, the TAG ID associated with the UL/joint TCI state is utilized
· A baseline is UE expects that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESET Pool Index correspond to one TAG
· Working Assumption: A UE may report that it supports that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESETPoolIndex correspond to both TAGs
FFS: on how to handle association when Rel-15/16 spatial relation framework is used for FR1
· PUCCH
· DG/CG Type 1/Type 2 PUSCH
· AP/SP/P SRS


Some companies are interested to make RAN2 assumption to follow above RAN1 agreement, or further, to agree on signalling-level association of TAG ID and TCI state.
	Company
	TDoc#
	Proposal

	Huawei
	R2-2302879
	Proposal 4:	RAN2 assumes that a serving cell can be associated with two TAGs and each UL/joint TCI state of the serving cell belongs to either TAG associated with the serving cell. 

	Apple
	R2-2303422
	Proposal 2: NW configures up to two TAGs belonging to one serving cell, and each TAG is associated with one or multiple TCI-state for UL transmission. 

	ZTE
	R2-2304131
	Obsevation 1.	In RAN1#110BIS meeting and RAN1#112 meeting, the agreements shows that the tag-Id should be configured as part of the TCI-state and TCI-UL-State when we take both agreements into account in combination
Proposal 1.	For supporting the 2TA for mDCI mTRP, add an information element tag-Id -r18 into TCI-state and TCI-UL-State.


We think this assumption or agreement is not urgent, i.e., we can wait for parameter list from RAN1. But we are open if that assumption may help progress of discussion on other issues.
Proposal 5.	RAN2 can wait for RAN1 to associate TAG ID to TCI state. Making assumption or agreement is also ok.

2.2. Open issues pending to RAN1
2.2.1  Maximum number of TAGs per MAC entity
Related proposals in contributions from companies in the previous RAN2 meeting are following.
	Company
	TDoc#
	Proposal

	OPPO
	R2-2302568
	Proposal 12: the TAG Id space is not extended. 

	Intel
	R2-2302692
	Proposal 5: ask RAN1 whether to enlarge the maximum number of TAG to 8 for a cell group.

	Huawei
	R2-2302879
	Proposal 5:	In Rel-18, the maximum number of TAGs is the same like in Rel-17, including when multi-DCI multi-TRP operation is used. 

	Nokia
	R2-2303690
	Proposal 1: Utilize the existing TAG space (i.e., up to 4 TAGs) for multi-DCI multi-TRP purpose.

	Samsung
	R2-2303769 
	Proposal 2: The maximum number of TAGs configured per MAC entity is increased to 8.

	ZTE
	R2-2304131
	Proposal 3.	RAN 2 to discuss whether to extend the currently total number of the TAGs for one MAC entity, for example: make a extensions from 4 to 8.



Current MAC entity can be configured with up to four TAGs. TAC MAC CE has 2-bit codepoints to accommodate them. RAN2 have discussed whether we need to extend the upper bound and agreed to ask RAN1 following questions [6].
	Question 1 on TAG grouping
RAN2 discussed how the cells/TRPs configured for the UE, are to be grouped if UE is configured with two TA groups per serving cell. Currently, NR does not impose any requirements in configuring the association of serving cells and TAGs. 
Q1a:   For the 2TA operation, are there any restrictions on the association of serving cells and/or TRPs to the TAGs?  
Q1b: NR currently supports up to 4 TAGs per cell group. Are the 4 TAGs enough or does RAN1 see a need to increase the number of TAGs per cell group?


RAN2 can wait for reply from RAN1.

2.2.2  MAC Behavior when one of two TAs for a serving cell expires
Related proposals in contributions from companies in the previous RAN2 meeting are following.
	Company
	TDoc#
	Proposal

	OPPO
	R2-2302568
	Proposal 2: when one TAG is out of synchronization, UE should only release radio resource specific to concerned TRP i.e. shared radio resource between TRPs of the same serving cell is not released.
Proposal 2a: RAN2 can check with RAN1 what kind of radio resource could be configured per TRP

	Huawei
	R2-2302879
	Proposal 6:	HARQ buffers are not flushed on a serving cell until both associated TATs expire. If this is PCell for mTRP, HARQ buffers are flushed for all serving cells if both associated TATs expire.
Proposal 7:	Discuss the UE behaviour regarding UL channels/signals and DL SPS on a serving cell when either or both associated TATs expire.
(- If UL channels/signals and DL SPS are configured per TRP, in case one of the two TATs associated with the serving cell expires, the UE should only release resource or configuration associated with this TAT, i.e. the UE can still transmit the UL channels/signals and receive the DL SPS via the other TRP.)

	NEC
	R2-2302975
	Proposal 1:        RAN2 to consider the following issues to enable a serving cell configured with two TAGs:
-        when one or both TAGs of a serving cell are not time aligned, how to manage resources, such as HARQ buffer, configured downlink assignments and configured uplink grants.

	Ericsson
	R2-2303708 
	Ask RAN1: Current procedures are per serving cell. Is it the intention that there should be new procedures for part of UL channels/HARQ buffers etc, only associated to one TRP?
Ask RAN1: Shall there be different actions if one of the timers expire versus if both expire?

	InterDigital
	R2-2303732 
	Proposal 2:	If more than one timeAlignmentTimer is maintained for a cell, RAN2 to discuss if a cell is still considered UL time aligned if only one timer expires.

	LGE
	R2-2303757
	Proposal 3. RAN2 discuss the detailed behaviour upon expiry of TAT of TTAG which the resource set belongs.

	Samsung
	R2-2303769 
	Proposal 6: RAN2 to discuss UE behavior when only one TAT for a serving cell expires and when both TATs for a serving cell expire.

	ZTE
	R2-2304131
	Proposal 5.	For a serving cell: If the TAT of both TRPs are expired, consider the serving cell as being in the status of UL out-of-sync; else if the TAT of only one TRP is expired, consider such TRP as being in the status of UL out-of-sync.
Proposal 7.	If the UL of a TRP for a serving cell is considered as being in out-of-sync, do NOT flush any HARQ buffer for this serving cell, suspend the PUCCH/SRS/CG/SPS and PUSCH for SP CSI reporting associated with the TRP, maintain Nta of the TAG associated with the TRP.


This issue is also what RAN2 can wait for reply from RAN1 to answer the following questions [6].
	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?



2.2.3 [bookmark: _Hlk134778916][bookmark: _Hlk134796251] MAC Behavior when both of two TAs for a serving cell expires
Related proposals in contributions from companies in the previous RAN2 meeting are following.
	Company
	TDoc#
	Proposal (Legacy procedure applies, Open)

	OPPO
	R2-2302568
	Proposal 3: If both TAGs are out of synchronization, legacy procedure applies

	Intel
	R2-2302692
	Proposal 6: only when both TA timers of two PTAGs expire, UE executes the specified UE behaviour for legacy TAT expiry of PTAG.
Proposal 7: when a TA timer of a STAG expires, if a serving cell is only contained in this STAG or this was the only valid TAG of this serving cell, UE executes the specified UE behaviour as legacy TAT expiry of STAG for this serving cell.

	Huawei
	R2-2302879
	Proposal 6:        HARQ buffers are not flushed on a serving cell until both associated TATs expire. If this is PCell for mTRP, HARQ buffers are flushed for all serving cells if both associated TATs expire.

	CATT
	R2-2303022
	Proposal 2: For multi-DCI based multi-TRP with two TAs, FFS whether/how to define the status of UL out of sync on the level of per serving cell, i.e., UE considers a serving cell to be UL out of sync when both TATs for the two TAGs associated with the serving cell expire.

	Lenovo
	R2-2303248 
	Proposal 3: The uplink time for Uu interface is considered as not aligned if both TATs corresponding to the multi-TRP expire.
Proposal 4: The configured grants are considered as invalid when uplink time is not aligned any longer.

	Ericsson
	R2-2303708 
	Ask RAN1: Shall there be different actions if one of the timers expire versus if both expire?

	ZTE
	R2-2304131
	Proposal 5.	For a serving cell: If the TAT of both TRPs are expired, consider the serving cell as being in the status of UL out-of-sync; else if the TAT of only one TRP is expired, consider such TRP as being in the status of UL out-of-sync.
Proposal 6.	If the UL of the serving cell to be considered as being in out-of-sync, the legacy operation is adopted.



We tend to agree that expiry of both TATs should trigger the similar procedure to legacy TAT expiry, e.g., flush all HARQ buffers, clear configured grants for both TRPs, release UL resources for both TRPs, and so on. But as referred in 2.2.2, RAN2 is waiting for RAN1 clarification on actions when one of two TATs expires. We see it is possible that the “both-TAs-expired” action is almost covered by a pair of “each-TA-expired” actions, thus we could not have to discuss them separately. We therefore propose to wait for RAN1 reply.
Proposal 6.	RAN2 wait for RAN1 reply before starting discussion on following open issues.
· Maximum number of TAGs per MAC entity
· MAC Behavior when one of two TAs for a serving cell expires
· MAC Behavior when both of two TAs for a serving cell expires

2.2.4  Details on additional PRACH configuration
RAN1 agreed to introduce an additional PRACH configuration for additional PCI [7].
	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 


In the previous RAN2 meeting, we discussed whether we ask details on that additional PRACH configuration, but we decided not to ask and wait for RAN1 parameter list.

2.3. Resolved issue (per-TRP UE-initiated CBRA)
RAN2 agreed not to support per-TRP UE-initiated CBRA in the previous meeting [8].
	From RAN2 perspective, per TRP UE-initiated RACH procedure is not supported.


Note that most companies seem to think that this agreement does not exclude to make a change on the trigger of CBRA (e.g., for consideration of additional TA).

3. Summary and proposal
Observation 1.	RAN1 agreed to support enhancements to indicate TAG ID via absolute TA command and left details up to RAN2.
Observation 2.	Two possible solutions, explicit indication and implicit indication, were proposed in RAN1 discussion.
Proposal 1.	RAN2 start discussion on enhancements on absolute TAC to indicate TAG ID. Potential solutions are:
· Explicit indication: Enhance absolute TAC MAC CE to indicate TAG ID.
· Implicit indication: No enhancement on MAC CE structure. Ensure that absolute TA command always updates TA with TAG ID = 0.
Observation 3.	For introduction of two TA in intra-cell case, 
· If one of two TAGs for PCell is regarded as PTAG while the other is regarded as STAG, RAN2 will have to change the definition of PTAG.
· If both of two TAGs for PCell are regarded as PTAG, RAN2 will have to change MAC procedures according to future functional agreements.
Proposal 3.	RAN2 discuss the definition of relation between two TAGs for PCell. MAC spec impact might be a criterion.
Proposal 4.	Configure one TAT per TAG to support two TAs for a serving cell.
Proposal 5.	RAN2 can wait for RAN1 to associate TAG ID to TCI state. Making assumption or agreement is also ok.
Proposal 6.	RAN2 wait for RAN1 reply before starting discussion on following open issues.
· Maximum number of TAGs per MAC entity
· MAC Behavior when one of two TAs for a serving cell expires
· MAC Behavior when both of two TAs for a serving cell expires
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