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1. Introduction 
For Rel-18 MIMO evolution enhancements [1], one objective is to support two TAs for UL multi-DCI for multi-TRP operation as described below.
	RAN1:
· Study, and if justified, specify the following 
· Two TAs for UL multi-DCI for multi-TRP operation 
RAN2:
Specify higher layer support of the enhancements listed above



In RAN2#121, a RAN1 LS was received [2] and RAN2 is asked to further work on the following issues:
	Agreement
For multi-DCI based multi-TRP operation with two TAs, support configuring two TAGs belonging to a serving cell.
Conclusion
For multi-DCI based Multi-TRP operation with two TA enhancement, it is up to RAN2 to decide whether there is a need to enhance CBRA procedure to support per TRP UE-initiated RACH procedure.



[bookmark: _Hlk130718831][bookmark: _Hlk130722844]In this paper, we further discuss whether CBRA procedure is needed for per TRP UE-initiated RACH and the RAN2 impact of two TAGs belonging to a serving cell.
2. Discussion 
2.1 Understanding on RAN1 agreements
Current RAN1 agreements are sent to RAN2 for information in [3], and the corresponding agreements on two TAs are re-organized as below:
	General:
Agreement
[bookmark: _Hlk130718243]Support two TA enhancement for both intra-cell and inter-cell multi-DCI multi-TRP scenarios in Rel-18.

Agreement
Enhancements on two TAs for UL multi-DCI for multi-TRP operation are applicable to both FR1 and FR2.

Configuration:
Agreement
[bookmark: _Hlk130718304]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

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 

Initial per-TRP TA acquisition:
Agreement
For multi-DCI multi-TRP operation with two TAs in a CC, two DL reference timings are supported where each DL reference timing is associated with one TAG
· baseline assumption is that the Rx timing difference between the two DL reference timings is no larger than CP length 
· as an optional UE capability, Rx timing difference between the two DL reference timings can be assumed to be larger than CP length
· FFS: the maximum Rx timing difference (could be up to RAN4)
· Other than UE capability details and relevant configuration, no additional RAN1 specification enhancement specific for this case is expected

Agreement
[bookmark: _Hlk130725348]For multi-DCI based Multi-TRP operation with two TA enhancement, support CFRA triggered by PDCCH order for both intra-cell and inter-cell cases.

Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, support the case where a PDCCH order sent by one TRP triggers RACH procedure towards either the same TRP or a different TRP at least for inter-cell Multi-DCI.
· FFS: for intra-cell Multi-DCI
· FFS: whether there are any restrictions needed
· FFS: if cross TRP RACH triggering is an optional feature

Usage of per-TRP TA:
Agreement
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, support the following:
Associate TAG to TCI-state
· [bookmark: _Hlk130718589]Associate TAG ID with UL/joint TCI state 
· 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
· PUCCH
· DG/CG Type 1/Type 2 PUSCH
· AP/SP/P SRS



Based on the agreements above, the signalling procedure of inter-cell two TAs is illustrated in Figure 1 (since there are still some FFSs for intra-cell case, this figure is only for inter-cell case).


Figure 1: signalling procedure of inter-cell two TAs
[bookmark: _Hlk130718670]In general, two TA enhancement is supported for both intra-cell and inter-cell multi-DCI multi-TRP. And two TAGs are configured for one serving cell, and each TAG ID is associated to a UL/joint TCI state. Regarding the initial TA acquisition, CFRA triggered by PDCCH order for both intra-cell and inter-cell cases is supported.
Observation 1: Two TA enhancement is supported for both intra-cell and inter-cell multi-DCI multi-TRP.
Observation 2: Two TAGs are configured for one serving cell, and each UL/joint TCI state is associated to a TAG ID.
Observation 3: Regarding the initial TA acquisition, CFRA triggered by PDCCH order for both intra-cell and inter-cell cases is supported.

2.2 whether CBRA procedure is needed for per TRP UE-initiated RACH
In RAN2#121, regarding the RAN1 question “whether there is a need to enhance CBRA procedure to support per TRP UE-initiated RACH procedure”, some initial discussion was made, and the corresponding state was as follows:
	-	Chair Comment: at current immature state, no one in R2 seems to have identified a need for CBRA. R2 will not reply any opinions on CBRA from this meeting 
-	Chair: no need to send LS to R1, we just continue based on input etc next meeting (for which there are TUs allocated). 


Since CFRA triggered by PDCCH order is already agreed, the per-TRP TA acquisition can be triggered by network. Whether CBRA is supported actually depends on whether additional flexibility is beneficial for TA acquisition. We tend to discuss intra-cell and inter-cell cases separately, as in inter-cell case additional/separate PRACH configuration is needed. And some comparisons are shown in the following Table 1. If CBRA procedure is supported for inter-cell case, it means additional CBRA PRACH configuration is needed for each additional PCI. It seems unnecessary to support both CBRA and CFRA for an additional PCI. But for intra-cell case, as no additional CBRA PRACH configuration is needed for two TAs, it’s relatively low-hanging fruit to support CBRA. Even if it’s not for initial TA acquisition, it would be beneficial to apply CBRA for TA recovery, e.g., to handle TAT expiry.
Table 1 Comparison between CFRA and CBRA
	
	Intra-cell per-TRP TA acquisition
	Inter-cell per-TRP TA acquisition

	CFRA based PDCCH order
	No additional PRACH configuration is needed for two TAs.
	Additional CFRA PRACH configuration is needed for each additional PCI to support two TAs.

	CBRA procedure for per TRP UE-initiated RACH
	No additional PRACH configuration is needed for two TAs.
It’s low-hanging fruit to support CBRA, at least for TA recovery case (e.g., TAT expiry).
	Additional CBRA PRACH configuration is needed for each additional PCI to support two TAs.



[bookmark: _Hlk130722525]Proposal 1: CBRA procedure is supported for per TRP UE-initiated RACH procedure in intra-cell case, at least for TA recovery.
Proposal 2: CBRA procedure is not supported for per TRP UE-initiated RACH procedure in inter-cell case.

2.3 RAN2 impact of two TAGs belonging to a serving cell
[bookmark: _Hlk130724045][bookmark: _Hlk130724079]In legacy there is only one TAG belonging to a serving cell. Since two TA enhancement is supported for both intra-cell and inter-cell multi-DCI multi-TRP, the corresponding RAN2 impact can be considered in the following aspects, i.e., RRC configuration, initial TA acquisition, TA maintenance and TA failure handling.
2.1.1 RRC configuration
One TAG corresponds a TA value and a TA timer, and in legacy one serving cell belongs to one TAG. If two TA is supported, the second TAG ID should be configured in IE ServingCellConfig. An example TP is as below.
-------------------------------------------------------TP starts---------------------------------------------------------
[bookmark: _Toc60777379][bookmark: _Toc90651251]–	ServingCellConfig
The IE ServingCellConfig is used to configure (add or modify) the UE with a serving cell, which may be the SpCell or an SCell of an MCG or SCG. The parameters herein are mostly UE specific but partly also cell specific (e.g. in additionally configured bandwidth parts). Reconfiguration between a PUCCH and PUCCHless SCell is only supported using an SCell release and add.
ServingCellConfig information element
-- ASN1START
-- TAG-SERVINGCELLCONFIG-START

ServingCellConfig ::=               SEQUENCE {
    <unnecessary parts omitted>
tag-Id                              TAG-Id,
..., 
[[
tag-Id2								TAG-Id,		OPTIONAL,   -- Need R
]]
	<unnecessary parts omitted>
}

	tag-Id
Timing Advance Group ID, as specified in TS 38.321 [3], which this cell belongs to.

	tag-Id2
Timing Advance Group ID, as specified in TS 38.321 [3], the second TAG which this cell belongs to.



---------------------------------------------------------TP ends--------------------------------------------------------
Proposal 3: If two TA is supported, the second TAG ID should be configured in IE ServingCellConfig.

2.1.2 Initial TA acquisition
Since CFRA triggered by PDCCH order is agreed, the next step is how to provide TA value to UE. It could be similar to CA design, i.e., RAR is received in serving cell and TA value is included in RAR. In intra-cell case, the preamble index can be used to differentiate per-TRP TA. But in inter-cell case, a TAG ID may be included in RAR too, as it may lead to confusion when the same preamble index is used in both serving cell and additional cell. And it’s also possible to use absolute TA command for the second TA (since it has the same length of TA value field for initial TA), but UL-Grant and T-C-RNTI are not needed for the second TA. This issue could be discussed in RAN1 first, then RAN2 figures out the detailed signalling design.
Proposal 4: ask RAN1 whether RAR or absolute TA command MAC CE is used to provide per-TRP TA to UE.

2.1.3 TA maintenance
For the purpose of TA maintenance, the TA command MAC CE is sent to UE. The structure of this MAC CE is as below:


Figure 2: Timing Advance Command MAC CE
As defined in TS 38.331, the maximum number of TAG is 4 for a cell group. So there are two bits for TAG ID in TA command MAC CE.
maxNrofTAGs                             INTEGER ::= 4       -- Maximum number of Timing Advance Groups
As two TA is supported for one serving cell, one question is whether to enlarge the maximum number of TAG to 8 for a cell group. And this should consult RAN1/RAN4 for confirmation.
Proposal 5: ask RAN1 whether to enlarge the maximum number of TAG to 8 for a cell group.

2.1.4 TA failure handling
TA failure case 1: TAT expiry
When TA timer expires, the legacy UE behavior is specified in TS 38.321 as below, e.g., flush all HARQ buffers and clear any configured downlink assignments and configured uplink grants. 
	1>	when a timeAlignmentTimer expires:
2>	if the timeAlignmentTimer is associated with the PTAG:
3>	flush all HARQ buffers for all Serving Cells;
3>	notify RRC to release PUCCH for all Serving Cells, if configured;
3>	notify RRC to release SRS for all Serving Cells, if configured;
3>	clear any configured downlink assignments and configured uplink grants;
3>	clear any PUSCH resource for semi-persistent CSI reporting;
3>	consider all running timeAlignmentTimers as expired;
3>	maintain NTA (defined in TS 38.211 [8]) of all TAGs.
2>	else if the timeAlignmentTimer is associated with an STAG, then for all Serving Cells belonging to this TAG:
3>	flush all HARQ buffers;
3>	notify RRC to release PUCCH, if configured;
3>	notify RRC to release SRS, if configured;
3>	clear any configured downlink assignments and configured uplink grants;
3>	clear any PUSCH resource for semi-persistent CSI reporting;
3>	maintain NTA (defined in TS 38.211 [8]) of this TAG.



And the UE behaviour is related to whether the expired TAG is PTAG or STAG. When the TA timer associated to PTAG expires, there is impact of lost UL synchronization on all Serving Cells. In case of two TAGs of a serving cell is supported, when one TA timer expires, it doesn’t mean the UL synchronization has been lost as there could be another valid TA value with a running TA timer. Only when both TA timers of two TAGs expire for the same serving cell, it means the UL synchronization is lost.
According to the definition of PTAG and STAG, i.e., “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.”, if a TAG contains SpCell, it’s a PTAG. So, there can be two PTAGs of a MAC entity, as a SpCell may associate to two TAGs.
Observation 4: in case of two TAGs of a serving cell is supported, there can be two PTAGs of a MAC entity.
Only when both TA timers of two PTAGs expire, the UE should perform the UE behaviour as specified in case “if the timeAlignmentTimer is associated with the PTAG”. Similarly, 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, the UL synchronization is lost for this serving cell, and the UE executes the specified UE behaviour in case “else if the timeAlignmentTimer is associated with an STAG”. 
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.
When one TA timer expires and the other TA timer is still running, UE can still keep uplink synchronized, i.e., by using the other TA. Then the UE may:
Option 1: UE initiates RACH to re-sync up, e.g., using specific RACH resource for TA recovery;
Option 2: UE reports this TA timer expiry to network, then network may trigger RACH by another PDCCH order.
Proposal 8: RAN2 to discuss the UE behaviour when one TA timer expires and the other TA timer is still running:
Option 1: UE initiates RACH to re-sync up, e.g., using specific RACH resource for recovery of TAG with TA timer expired.
Option 2: UE reports this TA timer expiry to network, then network may trigger RACH by another PDCCH order to recover the TAG with TA timer expired.

TA failure case 2: the maximum uplink transmission timing difference between TAGs 
According to legacy UE behaviour, “When the MAC entity stops uplink transmissions for an SCell due to the fact that the maximum uplink transmission timing difference between TAGs of the MAC entity or the maximum uplink transmission timing difference between TAGs of any MAC entity of the UE is exceeded, the MAC entity considers the timeAlignmentTimer associated with the SCell as expired.” 
Similar to CA scenario, when there are two TAGs of a serving cell, the difference between these two TAs may also exceed the maximum uplink transmission timing difference. In this case, UE may also consider one TA timer expires, e.g., by default the TA timer related to the second TA expires or which TA timer is expired can be configured by network. The RAN2 impact can be further discussed after RAN1/RAN4 makes conclusion.
Proposal 9: ask RAN1/RAN4 whether the MAC entity considers the timeAlignmentTimer associated with one TAG as expired, when the difference between these two TAs of a serving cell exceeds the maximum uplink transmission timing difference.

3. Conclusion
In this paper, we discuss whether CBRA procedure is needed for per TRP UE-initiated RACH and the RAN2 impact of two TAGs belonging to a serving cell, and we have the following observations:
Observation 1: Two TA enhancement is supported for both intra-cell and inter-cell multi-DCI multi-TRP.
Observation 2: Two TAGs are configured for one serving cell, and each UL/joint TCI state is associated to a TAG ID.
Observation 3: Regarding the initial TA acquisition, CFRA triggered by PDCCH order for both intra-cell and inter-cell cases is supported.
Observation 4: in case of two TAGs of a serving cell is supported, there can be two PTAGs of a MAC entity.
And we propose:
Proposal 1: CBRA procedure is supported for per TRP UE-initiated RACH procedure in intra-cell case, at least for TA recovery.
Proposal 2: CBRA procedure is not supported for per TRP UE-initiated RACH procedure in inter-cell case.
Proposal 3: If two TA is supported, the second TAG ID should be configured in IE ServingCellConfig.
Proposal 4: ask RAN1 whether RAR or absolute TA command MAC CE is used to provide per-TRP TA to UE.
Proposal 5: ask RAN1 whether to enlarge the maximum number of TAG to 8 for a cell group.
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.
Proposal 8: RAN2 to discuss the UE behaviour when one TA timer expires and the other TA timer is still running:
Option 1: UE initiates RACH to re-sync up, e.g., using specific RACH resource for recovery of TAG with TA timer expired.
Option 2: UE reports this TA timer expiry to network, then network may trigger RACH by another PDCCH order to recover the TAG with TA timer expired.
Proposal 9: ask RAN1/RAN4 whether the MAC entity considers the timeAlignmentTimer associated with one TAG as expired, when the difference between these two TAs of a serving cell exceeds the maximum uplink transmission timing difference.
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