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Following [1], this meeting RAN2 will continue to discuss multiple TAG per serving cell issue. There is some further RAN1’agreement achieved at last meeting , which can be taken into account for further study.
Discussion
The definition of TAG is as following in 38321:
Timing Advance Group: A group of Serving Cells that is configured by RRC and that, for the cells with a UL configured, using the same timing reference cell and the same Timing Advance value. A Timing Advance Group containing the SpCell of a MAC entity is referred to as Primary Timing Advance Group (PTAG), whereas the term Secondary Timing Advance Group (STAG) refers to other TAGs
Following RAN1 agreement in RAN1#110 indicate that one serving cell can have two TAs and support two TAGs.
Agreement
For multi-DCI based multi-TRP operation with two TAs, support configuring two TAGs belonging to a serving cell.
Current definition of TAG doesn’t say that one serving cell can only belong to one TAG explicitly. But till now this is the de facto since one serving cell can only have one TA. If the TAG definition is kept as it is, it means one serving cell can belong to two TAGs, which is different from legacy definition technically.
Observation 1: For “multi-DCI based multi-TRP operation with two TAs”, one serving cell can belong to two TAGs.
One modelling issue is that, can the TAG of additional TRP of the serving cells belonging to same TAG originally be grouped together? 


Figure 1


Figure 2
Taking two serving cells as example, the 1st alternative could be that there are two TAGs for all serving cells as indicated in Figure 1. For example cell A and cell B belongs to same TAG originally. When another TAG is introduced for both cell A and cell B, the TAG id of the new TAG is the same. Another way is that more than one new TAGs can be configured as indicated in Figure 2. If configuration as indicated in Figure 2 is allowed, then more TAGs will be introduced and UE need to maintain the same number of TA value as the number of TAGs. More than one TAGs also means more timing references. But it is more natural the same timing reference (or timing reference with small difference) can be reused for the same group of serving cells. On the other hand the restriction posted by Figure 1 seems too much, especially when the number of serving cells are not so large. In Figure 2, as long as the number of serving cells are no more than 3, the total number of TAGs would be no more than 4. Otherwise TAG ID need be extended, which cause extra complexity for UE.
One solution in the middle is that no configuration restriction is introduced except total number of TAGs per cell group is up to 4. In this way UE’s complexity can be kept as low as possible while still some configuration flexibility is still available. Considering in real deployment the number of serving cell will not be very high, this could be a comprised way forward.
Proposal 1: No configuration restriction is introduced for additional TAGs except that maximum number of TAGs per cell group is 4.
The procedure per TAG, regardless RRC configuration or maintenance of uplink time alignment in MAC layer, will not be impacted since there is no ambiguity about the TAG definition. But the procedure per serving cell in section 5.2 of MAC spec, the treatment should be different. For example, when TAT timer of only one TAG expires what should UE do for that serving cell? It is not reasonable to release all configured radio resource of that serving cell since another TAG is still uplink synchronized.
Observation 2: MAC procedure per serving cell could be impacted due to introduction of two TAG per serving cell
When only one TAG lost uplink synchronization, what network and UE should do is to get re-synchronization again via RACH procedure. UE should also do the work relevant to only the TRP of the failed TAG e.g. flush HARQ buffer, release PUCCH resource etc. But UE should not e.g. release radio resource which is shared between two TAGs of the same serving cell. So it would be beneficial to check with RAN1 what radio resource could be configured per TRP. If both TAGs fails i.e. out of uplink synchronization, then legacy procedure can be adopted.
Proposal 2: when one TAG of one serving cell 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 3: If both TAGs are out of synchronization, legacy procedure applies
The term with “primary” usually implies that there is only one is configured per MAC entity e.g. PSCell and PTAG. If another TAG is configured for PSCell, is the new TAG still a PTAG? If the answer is “No”, it implies the new TAG is STAG. The problem of such modelling is that when PTAG is out of synchronization but STAG doesn’t, the legacy procedure will enforce TAT timer of all STAG expire. This is however unnecessary since the new TAG can still work for PSCell. If the answer is “Yes”, then the question is whether original PTAG and new TAG will play difference role? In fact proposal 3 can be also applied here i.e. only when both original PTAG and new TAG are both out of synchronization, legacy procedure applies. If only one of them fails, only proposal 2 applies. 
Proposal 4: When another TAG is introduced for the PSCell, this TAG is taken as another PTAG (called secondary PTAG). 
Proposal 4a: The new TAG except for secondary PTAG is STAG regardless whether the concerned serving cell is in PTAG or STAG.
Proposal 5: The legacy procedure relevant to PTAG applies only when both PTAG and secondary PTAG are out of synchronization, otherwise only proposal 2 applies.
Regarding CBRA procedure per TRP UE initiated RACH procedure RAN2 concluded in RAN2#121b-e that 
From RAN2 perspective, per TRP UE-initiated RACH procedure is not supported
If PSCell is configured with two TAGs, RACH procedure will be triggered in two cases:
Case 1: only one TAG is out of synchronization
Case 2: both TAGs are out of synchronization
In case 1 it makes sense not to support UE-initiated CBRA RACH procedure since another link is still available. But in case 2, UE should initiated CBRA in order to recover uplink asap upon e.g. data arrival. Our understanding is that the intention of the RAN2 agreement only covers case 1 but not case 2.
Proposal 6: per TRP UE-initiated CBRA RACH is not supported when 
1, Only PTAG or secondary PTAG is out of synchronization, but not both
2, Any STAG is out of synchronization
But if PTAG and secondary PTAG are out of synchronization, it is obviously CBRA is still needed otherwise uplink data can’t be transmitted at all.
Proposal 7: CBRA is only support when both PTAG and secondary PTAG are out of uplink synchronization.
Procedure wise the triggered CFRA per TRP could be:


Figure 1 CFRA per TRP

For inter-cell case, RAN1 concluded that:
Agreement(RAN1#112)
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

Agreement(RAN1#112bis-e)
For intercell multi-DCI based Multi-TRP operation with two TA enhancement, support indication of which PRACH configuration to be used in the RACH procedure in the PDCCH order.
· FFS: Whether additionalPCI or a generic identifier is indicated in PDCCH order
· FFS: The detail of the indication in PDCCH order in terms of whether to support PRACH triggered for inactive additionalPCI.


So for inter-cell case, when UE receive PDCCH order, based on the PRACH resource information within PDCCH order, UE can know:
1, which PRACH resource is used to transmit preamble
2, for which TRP
When RAR is received, UE know this RAR should be associated with which preamble it just send. So there is nothing new needed within RAR i.e. the TA Command contained with RAR will be applied to the TRP the PRACH resource is associated with.
Proposal 8: For CFRA triggered for inter-cell case, nothing new in RAR need be introduced
Although RRC parameters will be discussed further, one thing could be clarified for the PRACH configuration. Currently up to 7 additionalPCI can be configured within one serving cell. Following above RAN1’s agreement in #112 meeting, gNB need configure up to the same number of PRACH resources i.e. one PRACH resource is associated with one additionalPCI. But the agreement in #112bis-e suggests only one PRACH resource indicated within PDCCH order will be used i.e. PRACH resource associated with active additionalPCI really matters. So it sounds one additional PRACH resource is sufficient, which will be associated with active additionalPCI i.e. the association between additional PRACH resource and additionalPCI is temporary but not semi-static. 
Proposal 9: To check with RAN1 that one PRACH source associated with additionalPCI is sufficient for one serving cell
For intra-cell case, RAN1 concluded:
Agreement(#112bis-e)
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 2: indicate TAG ID as part of PDCCH order
· 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 Alt3 is chosen by RAN1, then the same logic is applied as inter-cell case. But we need wait for RAN1 further progress.
Proposal 10: For CFRA triggered for intra-cell case, RAN2 wait for RAN1’s further progress
For CBRA procedure, technically it can be up to UE’s implementation to choose the TRP to trigger the RACH procedure. But to avoid any potential impact, the best way is to just fall back to legacy scheme. So it would be desirable that UE would choose the serving TRP and its corresponding PRACH configuration to trigger RACH procedure. UE then follows existing RACH procedure to transmit preamble from the corresponding PRACH resource. gNB and UE can identify the TAG based on received preamble and RAPID within msg2/msgB respectively, hence no additional parameter is needed.
Proposal 11: For CBRA, UE chooses PRACH resource associated with serving TRP to trigger RACH procedure.
In current TA command, TAG ID is already there. Currently there are up to two TAGs per MAC entity. Following the proposal 1, the number of TAGs per MAC entity will be doubled i.e. 4. 
[image: ]
Figure 2
Then current TA command is still feasible i.e. no new MAC CE is needed for TA command. One issue is that TAG Id of PTAG is fixed to be 0 as indicated in following MAC spec:
[image: ]
This part should be enhanced as such that secondary PTAG can be differentiated from existing PTAG via TAG Id, for example:
- TAG Identity (TAG ID): This field indicates the TAG Identity of the addressed TAG. The TAG containing the SpCell has the TAG Identity 0 or 1. The length of the field is 2 bits;
Proposal 12: the TAG Id space is not extended. 
Proposal 13: the TAG Id of secondary PTAG is 1.
Conclusion
Observation 1: For “multi-DCI based multi-TRP operation with two TAs”, one serving cell can belong to two TAGs.
Proposal 1: No configuration restriction is introduced for additional TAGs except that maximum number of TAGs per cell group is 4.
Observation 2: MAC procedure per serving cell could be impacted due to introduction of two TAG per serving cell
Proposal 2: when one TAG of one serving cell 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 3: If both TAGs are out of synchronization, legacy procedure applies
Proposal 4: When another TAG is introduced for the PSCell, this TAG is taken as another PTAG (called secondary PTAG). 
Proposal 4a: The new TAG except for secondary PTAG is STAG regardless whether the concerned serving cell is in PTAG or STAG.
Proposal 5: The legacy procedure relevant to PTAG applies only when both PTAG and secondary PTAG are out of synchronization, otherwise only proposal 2 applies.
Proposal 6: per TRP UE-initiated CBRA RACH is not supported when 
1, Only PTAG or secondary PTAG is out of synchronization, but not both
2, Any STAG is out of synchronization
Proposal 7: CBRA is only support when both PTAG and secondary PTAG are out of uplink synchronization.
Proposal 8: For CFRA triggered for inter-cell case, nothing new in RAR need be introduced
Proposal 9: To check with RAN1 that one PRACH source associated with additionalPCI is sufficient for one serving cell
Proposal 10: For CFRA triggered for intra-cell case, RAN2 wait for RAN1’s further progress
Proposal 11: For CBRA, UE chooses PRACH resource associated with serving TRP to trigger RACH procedure.
Proposal 12: the TAG Id space is not extended. 
[bookmark: _GoBack]Proposal 13: the TAG Id of secondary PTAG is 1.
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Figure 6.1.3.4-1: Timing Advance Command MAC CE
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- TAG Identity (TAG ID): This field indicates the TAG Identity of the addressed TAG. The TAG containing the
SpCell has the TAG Identity 0. The length of the field is 2 bits:
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