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1 Introduction
In RAN#94-e meeting, a new Rel-18 WID on MIMO evolution for both DL and UL was reached as in [1]. As identified below, TA enhancement for multi-DCI based MTRP operation is one of the objectives according to the WID.
	7. Study, and if justified, specify the following 
· [bookmark: OLE_LINK16]Two TAs for UL multi-DCI for multi-TRP operation. 
· Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.


In this contribution, we concentrate on some potential methods to facilitate timing advance enhancements for multi-DCI based multi-TRP operation.
2 Discussion
2.1 Association between TAG and UL channels/signals
In RAN1#112 meeting, the following agreement on the association between TAG and UL channels/signals has been endorsed [2].
	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 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


For the agreed baseline of association between TAGs and UL channels/signals, there are two leftover issues: 1) whether the association between CORESETPoolIndex and TAG is targeting activated UL/joint TCI states only or all RRC configured UL/joint TCI states? 2) whether the UL/joint TCI states are dedicated to UL signals/channels or not? 
· Regarding issue 1, basically, the baseline does not require to change association between a TCI state and a TAG flexibly or frequently, which is not similar to the working assumption. When two TAGs are configured for a serving cell, TCI states associated with CORESETPoolIndex 0 are associated with one TAG while TCI states associated with CORESETPoolIndex 1 are associated with another TAG, and such association should be constant for either activated TCI states or inactivated TCI states and it should be configured by RRC signaling. Besides, according to the outcome of AI 9.1.1.1, it should be noted that SRS resource may be configured but not to follow an “indicated” UL/joint TCI state which is selected from a set of “activated” TCI states. Consequently, gNB can guarantee the activated TCI states for a TRP are associated with a CORESETPoolIndex. Therefore, the term “activated” in the WA should be removed.
· Regarding issue 2, it is crystal clear that both UL TCI states and joint TCI states need to be workable anyways for UL signals/channels in terms of two TAs enhancement. Hence the term “of UL signals/channels” should be kept to avoid any ambiguity.
Proposal 1: For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, support that UE expects that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESET Pool Index correspond to one TAG.
Regarding the working assumption, it assumes that TCI states associated with one CORESET pool/TRP can be divided into two groups and each of the groups is associated with a TAG. However, TCI states associated with two TRPs applying the same timing advance value is not a practical use case in fact, especially for inter-cell multi-TRP operation. 
· For inter-cell multi-TRP operation, it is considerable challenging to guarantee the same TAG of TCI states towards different TRPs in terms of NW scheduling due to it requires uplink transmissions associated with two TRPs going through the similar propagation delay, and it is worth noting the non-ideal backhaul assumption of MDCI MTRP operation. Furthermore, TCI states associated with a TAG might needs to be updated frequently with the mobility of UE in order to satisfy the uplink timing requirements for reliable reception at gNB side.
· Since TAG configuration is up to gNB side, and timing advance is to ensure reliable reception and decoding at gNB side, it is unclear which UE capability can guarantee the same requirements of timing advance values for TCI states of different TRPs. In contrast, whether TCI states of different TRPs can be associated with the same or different TAG should be up to gNB schedule rather than a UE capability.
· In addition, whether to support the working assumption depends on its practical and reasonable use cases. Given that UL/joint TCI states with two TAGs can be associated with one CORESET pool, two potential use cases of this working assumption can be figured out so far: 1) two TAs for sDCI MTRP operation, 2) two TAs for MDCI MTRP operation performed by DPS as in Rel-15. Intuitively, both of these two use cases are out of scope as per the following agreement endorsed in RAN1#109-e meeting with regards to the statement of MDCI MTRP operation in Rel-18.
	Agreement
Two TA enhancement for uplink multi-DCI based multi-TRP operation are applicable to at least:
· TDM based multi-DCI uplink transmission
· simultaneous multi-DCI uplink transmission (if simultaneous uplink multi-DCI uplink transmission is supported in Agenda 9.1.4.1)
· Note: Whether two TA enhancement is applicable to other schemes is a separate discussion, which is not in the scope of AI 9.1.1.2.


Proposal 2: For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, do NOT support to confirm the Working Assumption that “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”.
For the case that Rel-15/16 spatial relation framework is used for UL signals/channels, it is natural that the similar association as that for UL/joint TCI state framework can be reused, i.e., to associate TAG ID with the spatial relations of UL signals/channels associated to one CORESETPoolIndex correspond to one TAG.
Proposal 3: For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation in Rel-15/16 spatial relation framework, support that the spatial relations of UL channels/signals associated to one CORESET Pool Index correspond to one TAG.
Given that unified TCI state framework can be applied in FR1 as agreed in AI 9.1.1.1, the remaining issue is whether/how to fulfill two TAs enhancement for MDCI MTRP operation in case of spatial relation framework in FR1. Notably, spatial relation framework is fundamentally used in almost everywhere in the current specification to distinguish the discrepancy of UL signals/channels in FR1 and FR2. Enabling spatial relation in FR1 for two TAs enhancement will lead to terrible specification efforts. Consequently, it is proper to preclude this enhancement in case of spatial relations enabled in FR1. 
Proposal 4: Do NOT support two TAs enhancement for multi-DCI based multi-TRP operation in FR1 when Rel-15/16 spatial relation framework is used.
2.2 Cross-TRP RACH triggering
2.2.1	Scenarios of cross TRP RACH triggering
In RAN1#112b-e meeting, the following agreement related to indication fields in PDCCH order for inter-cell cross TRP RACH triggering has been endorsed [3].
	Agreement
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.


Given that RAR can only be received from the TRP associated with Type-1 CSS, the potential scenarios of cross TRP RACH triggering can be illustrated in Figure 1, where case (a) and (c) are for PDCCH order sent by one TRP triggers RACH procedure towards the same TRP, case (b), (d), (e) and (f) are for PDCCH order sent by one TRP triggers RACH procedure towards a different TRP. For cases above except case (a), issues related to the determination of TAC, PL-RS for PRACH power control and QCL properties of PDCCH/PDSCH for RAR should be considered.
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Figure 1: Scenarios of self/cross-TRP RACH triggering: (a) serving cell triggers RACH towards serving cell, (b) serving cell triggers RACH towards active additional PCI, (c) active additional PCI triggers RACH towards active additional PCI, (d) active additional PCI triggers RACH towards serving cell, (e) serving cell triggers RACH towards inactive additional PCI, and (f) active additional PCI triggers RACH towards inactive additional PCI
If PDCCH order command can trigger random access procedure towards an inactive additional PCI, it is quite similar as TA acquisition for multiple candidate cells by early RACH as discussed in Rel-18 inter-cell mobility. Nevertheless, some additional considerations are required for inter-cell Multi-TRP operation.
· If TAG(s) configured for different additional PCI can be different, the endorsed agreement that configuring two TAGs belonging to a serving cell will be reverted. Meanwhile, it should be noted that TA values for inactive additional PCI will not be used until the corresponding additional PCI is activated, hence configuring TAG ID individually for each inactive additional PCI is unnecessary. 
· If TAG configured for all additional PCI is the same and RAR is used to indicate TAC, whether and how to identify the association between a TRP and a received RAR requires further discussion. Moreover, timeline of validating a TA value associated with an additional PCI and UE capability of maximum number of memorized TA values are needed to be specified additionally.
· If TAG configured for all additional PCI is the same and RAR is not transmitted during random access procedure towards an inactive additional PCI, RAR-less solution as agreed in Rel-18 LTM might be reused. However, as analyzed in sub-section 2.2.2, an extra signaling is needed to indicate the corresponding TAC in case of an additional PCI is activated.  
Considering additional efforts and considerations are required but no significant advantages will be derived, there is no necessity to support TA acquisition for inactive additional PCI.
Proposal 5: For multi-DCI based inter-cell Multi-TRP operation with two TAs enhancement, do NOT support PDCCH order triggering RACH procedure towards inactive additionalPCI.
Considering that it has been agreed that one additional PRACH configuration is supported for each configured additional PCI in inter-cell Multi-TRP, random access preambles, RACH occasions, and the mapping of SSB to ROs configured for two TRPs should be individual. A TRP related indication should be introduced in PDCCH order to indicate the PRACH configuration to be used for the corresponding random access procedure.
If PDCCH order from serving cell or active additional PCI can only trigger random access procedure towards either serving cell or the active additional PCI, a one-bit indication field rather than additionalPCI field should be introduced in PDCCH order to identify TRP. Due to serving cell and additional PCI are associated with different CORESETPoolIndex, introducing CORESETPoolIndex in PDCCH order is the simple and straightforward way to fulfill this.
Proposal 6: For multi-DCI based inter-cell Multi-TRP operation with two TAs enhancement, support to introduce CORESETPoolIndex in PDCCH order to indicate which PRACH configuration is to be used in the triggered RACH procedure. 
· Note: The indicated PRACH configuration is corresponding to either serving cell or the active additional PCI.
2.2.2	Signaling for TA
In RAN1#112b-e meeting, the following agreement related to RAR reception during random access procedure has been endorsed.
	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


For the FFS part of RAR-less solution, it can be noted that the intention of introducing RAR-less solution in Rel-18 LTM is for interruption time reduction, especially when RAR is transferred between different DUs. However, it reverts the assumption that Rel-17 inter-cell MTRP operation is deployed in intra-DU scenario. According to TS 38.801, there is only one single lower layer (PHY/MAC/RLC) of each gNB-DU, where MAC CE signaling is conveyed from serving cell only. On the other hand, according to the agreements endorsed in Rel-18 Mobility enhancement, when RAR reception is not configured, TAC or TA value of the target cell will be indicated in cell switch command. For two TAs enhancement, if RAR reception is not configured, a new signaling is needed to indicate TAC due to absence of cell switch command for two TAs for MDCI MTRP.  
Based on the analysis above, there is no need to support RAR-less solution reused in Rel-18 LTM Enhancement for two TAs in multi-DCI based Multi-TRP operation additionally. 
Proposal 7: For multi-DCI based multi-TRP operation with two TAs enhancement, do NOT support to reuse the RAR-less solution agreed in Rel-18 Mobility Enhancement. 
2.2.3	PRACH power control 
In RAN1#112b-e meeting, the following working assumption and agreement related to PRACH power issue in case of cross-TRP RACH triggering have been reached.
	Working Assumption
For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, support the case where a PDCCH order sent by TRPX triggers RACH procedure towards either TRPX or TRPY. 
· FFS: details of PRACH power control
Agreement
For multi-DCI based inter-cell multi-TRP and intra-cell multi-TRP operation with two TAGs configured in a CC, for a CFRA based PDCCH order from one TRP triggering PRACH towards another TRP, study whether and, if needed, how to determine the transmit power of the triggered PRACH preamble


In legacy, for a PRACH transmission in response to a PDCCH order triggered CFRA procedure, pathloss calculation is depending on the DL RS that the DM-RS of the PDCCH order is quasi-collocated with.
For cross-TRP PDCCH order, reception of a PDCCH order and transmission of the corresponding PRACH can be associated with different TRPs, then the legacy rule cannot work anymore. A general and unified solution is to calculate pathloss depending on the DL-RS used for PRACH transmission or the DL-RS indicated by the PDCCH order.
Proposal 8: For the case of a PDCCH order sent by one TRP triggers RACH procedure towards a different TRP, pathloss of PRACH transmission is calculated based on the SSB indicated by PDCCH order.
2.2.4	QCL properties for RAR reception
Overall, the QCL properties enhancement of cross-TRP RACH triggering should be considered for PDCCH for scheduling RAR and PDSCH for conveying RAR, respectively.
For PDCCH scheduling RAR, which scrambled by RA-RNTI/MSGB-RNTI
In legacy, the following two QCL rules are specified for PDCCH scrambled by RA-RNTI/MSGB-RNTI for RAR scheduling.
· QCL rule 1-1: When UE attempts to detect PDCCH scrambled by RA-RNTI for RAR scheduling in response to a PRACH transmission initiated by PDCCH order triggered CFRA for SpCell, UE assumes that the PDCCH order and the PDCCH scheduling RAR have same DM-RS port QCL properties.
· QCL rule 1-2: When UE attempts to detect PDCCH scrambled by RA-RNTI for RAR scheduling in response to a PRACH transmission initiated by PDCCH order triggered CFRA for SCell, DM-RS port quasi co-location properties of the CORESET associated with the Type-1 CSS are assumed for receiving the PDCCH that for RAR scheduling.
Since RAR can be transmitted from serving cell only in inter-cell MTRP or from the TRP associated with the Type-1 CSS only in intra-cell MTRP, and PDCCH order can be transmitted from any one of the two TRPs, then QCL rule 1-1 that PDCCH order and the PDCCH scheduling RAR have same DM-RS port QCL properties will be broken.
· For instance, PDCCH order from non-serving cell triggers random access procedure towards serving cell and the random access procedure is triggered for PCell, it can not be assumed that PDCCH order and the PDCCH for RAR scheduling have same DM-RS port QCL properties.
In legacy, PDCCH order can be transmitted on SCell of a STAG, where the corresponding RAR can take place on PCell only as that of Rel-18, hence QCL rule 1-2 is broken. 
To address the above issues for the case of cross-TRP RACH triggering, the solution can be that PDCCH scrambled by RA-RNTI/MSGB-RNTI for RAR scheduling is QCLed with the DM-RS port quasi co-location properties of the CORESET associated with the Type-1 CSS.
For PDSCH conveying RAR, which scheduled with RA-RNTI/MSGB-RNTI
In legacy, the following two QCL rules are specified for PDSCH scheduled with RA-RNTI or MSGB-RNTI for RAR conveying.
· QCL rule 2-1: DM-RS port of the PDSCH scheduled with RA-RNTI or MSGB-RNTI for RAR conveying is quasi co-located with the SSB/CSI-RS used for RACH association and transmission. 
· QCL rule 2-2: SSB/CSI-RS used for RACH association and transmission is quasi co-located with DM-RS port of the PDCCH order triggering CFRA for SpCell.
For PRACH transmission towards a TRP not associated with Type-1 CSS, the SSB/CSI-RS used for RACH association and transmission is associated with the TRP not associated with Type-1 CSS, and the PDSCH scheduled with RA-RNTI/MSGB-RNTI for conveying RAR is transmitted by the TRP associated with Type-1 CSS, QCL rule 2-1 is broken. 
Analogous to QCL rule 1-1, QCL rule 2-2 specifies QCL relationship between PDCCH order and PDSCH for RAR, and it is also broken in case PDCCH order is from the TRP not associated with Type-1 CSS. 
To address the above issue for the case of cross-TRP RACH triggering, the solution can be that PDSCH scheduled with RA-RNTI or MSGB-RNTI for RAR conveying is QCLed with the DL-RS of PDCCH which is used for scheduling the PDSCH.
According to the above elaboration, the QCL properties enhancement of PDCCH for scheduling RAR and PDSCH for conveying RAR in case of cross-TRP RACH triggering can be illustrated in Figure 2 as follows.
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Figure 2 QCL relationships of PDCCH/PDSCH for RAR in cross-TRP RACH triggering
Proposal 9: For the case of a PDCCH order sent by one TRP triggers RACH procedure towards a different TRP, support that:
· PDCCH scrambled by RA-RNTI/MSGB-RNTI as RAR scheduling is QCLed with the DM-RS port quasi co-location properties of the CORESET associated with the Type-1 CSS.
· PDSCH scrambled with RA-RNTI or MSGB-RNTI as RAR conveying is QCLed with the same DL RS as QCL source RS of scheduling PDCCH.
2.3 Association of random access procedure and TRP in intra-cell
In RAN1#112b-e meeting, the following agreement on association between random access procedure and TRP in intra-cell Multi-TRP operation was endorsed [3].
	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 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.


In legacy, there is only one random access procedure ongoing at any point in time in a MAC entity, and association between TAG and RAR is determined implicitly. In response to the PDCCH order received on an SCell of an STAG, UE transmits PRACH in the indicated RACH occasion and determines the corresponding RA-RNTI/MSGB-RNTI based on the time domain position, frequency domain position and uplink carrier of the RACH occasion. Then, UE can identify association between RAR and TAG according to the RAR scrambled with RA-RNTI.
Taking the legacy rule above into consideration, the analyses of three alternatives are provided as follows.  
· For Alt 1, explicitly indicating TAG ID in RAR to clarify the association between TAG and RAR brings redundant overhead. For instance, when UE receives PDCCH order on a serving cell which is configured with two TAGs for two TRPs respectively, UE only needs to identify which of the two TAGs the random access procedure belongs to, rather to identify which TAG among all the configured TAGs the random access procedure belongs to. In addition, Alt 1 requires to introduce a new field in RAR, which might not be expected by RAN2.
· For Alt 2, the same issue as for Alt 1 exists when TAG ID is explicitly indicated as part of PDCCH order. Nevertheless, introducing a new field in PDCCH order has less specification impacts compared with Alt 1.
· For Alt 3, the generated preambles, configured PRACH occasions, and the mapping of SSBs to ROs are commonly used between two TRPs in intra-cell Multi-TRP operation. For PRACH transmission, PRACH occasions and the mapping of SSB-RO are specified to transmit PRACH using a proper beam. In some ways, TRP can be regarded as different beam directions from gNB’s perspective, hence it is natural to identify TRP based on the beam directions and to divide SSBs into two groups to associate TAG with RAR during random access procedure in intra-cell multi-TRP operation. Meanwhile, supporting Alt 3 can benefit from not introducing additional fields in PDCCH order or RAR.
In light of the above elaboration, it is proper to adopt Alt 3 to address this issue.
Proposal 10: For multi-DCI based intra-cell Multi-TRP operation with two TAs enhancement, support to divide SSBs into two groups where each group is corresponding to each TRP (Alt 3).
2.4 Overlapping handling
In RAN1#112 meeting, the following agreement was endorsed for the overlapping handling between UL transmissions with two TAs [2]. Besides, one conclusion was reached in RAN1#110b-e meeting to clarify the assumption of the overlapping with regards to MDCI MTRP operation [4].
	Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, for the case when the UE does not support UL STxMP transmission, down-select at least one of the following in RAN1#112bis-e:
· Alt 1:  Introducing a time gap X between two UL transmissions associated with two different TA values
· E.g., X symbols in the slot(s) corresponding to the two UL transmission remain unused
· FFS: How X is determined
· Alt 2:  Reduce the overlapping duration of one of the two UL transmissions
· Alt 3:  Scheduling restriction is applied such that the UE does not expect the two UL transmissions to overlap
· Other alternatives are not precluded
TBD: how to capture the downselected alternative(s) in the specifications in case specification impact is deemed needed.
Conclusion
For multi-DCI based Multi-TRP operation with two TA enhancement, it cannot always be assumed that both TRPs have knowledge of the overlapping region between transmissions corresponding to the two TAs.
· Note: This doesn’t prevent the network from applying scheduling restrictions even if the TRPs have no knowledge of the overlapping region


To address the overlapping issue, three alternatives were raised in the last meeting. Subsequently, the related analyses are provided as follows:
· For Alt 1, it is feasible to guarantee the UL transmissions with two TAGs have no overlapping for both UE side and gNB side, especially in the case that gNB has no awareness of the overlapping region due to the non-ideal backhaul assumption of MDCI MTRP operation. Regarding the value of time gap X, it deemed depends on the setting of UL transmission, i.e., numerology and frequency range. Besides, the maximum receive timing difference (MRTD) decided by RAN4 when two DL reference timings are assumed should be taken into account.
· Assuming that values of MTTD/MRTD defined for inter-band CA can be applied for the requirements of 	maximum timing difference for Multi-DCI Multi-TRP operation, MTTD for FR1 and FR2 can be 34.6 µs and 8.5 µs respectively. The candidate value X of time gap can be given in Table 1 by assuming the maximum time gap equals to the value of MTTD.
Table 1: Time gap between two UL transmissions associated with two different TA values
	SCS/kHz
	Lsymbol/µs
	Maximum Time gap/µs
	Maximum Time gap/#. of symbols

	15
	71.35
	34.6
	1

	30
	35.68
	34.6
	1

	60
	17.84
	34.6(FR1), 8.5(FR2)
	1(FR2), 2(FR1)

	120
	8.92
	8.5
	1


· For Alt 2, it is somehow similar to the legacy rule of two adjacent slots overlapping handling, where the overlapping part of the latter slot is reduced accordingly. Even though this way can be used to address this issue, it will negatively impact the performance of UL transmission, no matter of the former one or latter one due to the reduction itself. Besides, it is worth noting that when each of two UL transmissions is semi-persistently scheduled, the latter one will be failed all the time due to the dropped DMRS and also the unawareness between two TRPs.
· For Alt 3, it can be seen as a variant of Alt 1 in some sense, the minor difference can be that it strictly requires gNB only to avoid this overlapping under MDCI MTRP operation. Based on the conclusion above, this way will not be workable anymore in case that the gNB has no knowledge of the overlapping region between two TRPs.
In light of the above elaboration, it is proper to adopt Alt 1 to address this issue.
Proposal 11: Regarding overlapping handling for two uplink transmissions associated with two TAs, support to introduce a time gap in which UE does not expect to transmit any uplink signals/channels if STxMP UL transmission is not supported (Alt 1).
· Candidate values of the time gap includes at least 1 and 2, other values can be FFS.
· Note: The time gap is from the last symbol of the former uplink transmission associated with one TAG to the first symbol of the latter uplink transmission associated with another TAG.
2.5 Other Issues
Issue 1: Signaling of TAC 
In RAN1#109-e meeting, the following agreement on the derivation of two TAs has been endorsed [5].
	Agreement
Enhancement on two TAs for UL multi-DCI for multi-TRP operation is supported in Rel-18.
Note 1: whether (1) the network signals two TACs or (2) the network signals one TAC and the UE deriving the second TA can be further studied.
Note 2: evaluations can be considered on as-needed basis.


Basically, since the indication of TAC is determined by the network based on the measurement of uplink signals from the UE currently, the amount of timing advance adjustment is determined by the network and then the UE can directly apply the received TAC. Owing to the transmission timing of uplink signals is determined using the downlink reception timing as reference, the determination of timing advance by the network can take both the uplink and downlink propagation delay into account.
[bookmark: OLE_LINK9]Alternatively, if the determination of timing advance is up to UE and also based on the difference of downlink reception timing, timing advance value might be twice of the difference of downlink reception timing assuming the same values of downlink and uplink propagation delay. The determination above might be inappropriate when the values of downlink and uplink propagation delay are different (e.g., corresponding to different physical path in a separate TCI indication). Hence the determination of timing advance decided by the network side should be more reliable than that by the UE side.
Furthermore, if TA value for the second TRP is determined at UE side, extra mechanism of UE reporting in terms of the second TA value is needed, otherwise the gNB cannot know the starting point of the uplink frames for the corresponding TRP or the expected reception timing of the uplink signals/channels.
Observation 1: Timing advance adjustment value should be determined by the signaling from network rather than downlink reception timing measurement by UE.
[bookmark: OLE_LINK5]Indicating individual TACs for two TAGs within a serving cell is a straightforward solution and the legacy timing advance indication framework can be reused smoothly. In this way, UE behaviour of adjusting uplink transmission timing for two TRPs are basically the same, i.e., UE applies a received TAC to a TRP according to the association between TRP and TAG. Once receiving a TAC associated with a TRP, UE adjusts the current timing advance value for the TRP to the new timing advance value based on the corresponding TAC. In such case, TAC indication is entirely individual for both TRPs, hence it can work well even in case of the non-ideal back-haul assumption of Multi-DCI Multi-TRP operation.
Proposal 12: Regarding the determination of timing advance values of two TAGs within a serving cell, support that the network signals two TACs, where each TAC is corresponding to a TAG.
Issue 2: Number of TAGs
In RAN1#110 meeting, the following agreement on supporting two TAGs within a serving cell has been endorsed [6].
	Agreement
For multi-DCI based multi-TRP operation with two TAs, support configuring two TAGs belonging to a serving cell.


In the current specification, up to four TAGs can be configured, hence it is natural to double the maximum number of TAGs to be 8 when two TAGs can be configured. 
Proposal 13: For multi-DCI based multi-TRP operation with two TAs, up to 8 TAGs can be configured.
The index of TAG including the primary serving cell is specified to be 0 in legacy, and the corresponding TAG is regarded as the PTAG. When two TAGs are configured within the primary serving cell, the definition of PTAG in this case and the number of PTAGs (e.g., 1 or 2) should be clarified. Consequently, the following can be taken into consideration:
· If only one PTAG is supported, the TAG associated with the primary serving cell and CORESETPoolIndex = 0 is the PTAG.
· If two PTAGs are supported, both of the two TAGs associated with the primary serving cell are the PTAGs.
Proposal 14: For multi-DCI based multi-TRP operation with two TAGs, RAN1 shall strive to determine the number of PTAGs that can be configured.  
Issue 3: TAT expiry
Time alignment timer (TAT) is configured in TAG-Config per TAG in the current specification and is related with the determination that whether uplink timing is synchronized or not. On the one hand, it has been agreed that two TAGs can be configured within a serving cell and each TAG corresponds to one TRP, hence configuring TRP-specific TAT in the corresponding TAG-Config should be supported. On the other hand, considering that TAC signaling associated with different TAGs can be transmitted individually, timing of starting/restarting the TAT for each TAG will be asynchronous accordingly, and hence it is not needed to run a common timer for two TAGs.
Proposal 15: For multi-DCI based multi-TRP operation with two TAs enhancement, support to configure TAT per TRP for TAGs within a serving cell in the perspective TAG-Config as legacy.
If timing advance command is separately indicated for each TRP, the reception timing of TAC for each TRP may be different, and it will be inevitable that TAT of one TRP expires while that of another TRP does not expire. Hence, UE’s behaviour in such case should be further considered. Subsequently, it can be that only to cancel the uplink transmissions associated with TRP of which the TAT expires, or fallback to single TA operation, i.e., both TRPs share the same timing advance.
Furthermore, in legacy, when TAT of PTAG expires, all TAGs are regarded as expired. By comparison, only the corresponding STAG is regarded as expired when TAT of a STAG expires. 
If two PTAGs can be supported, further UE behaviour in case of TAT associated with one out of two PTAGs expires as follows should be discussed.
· Option 1: When TAT associated with any one of the PTAGs expires, all TAGs are regarded as expired.
· [bookmark: _GoBack]Option 2: When TAT associated with a specific PTAG expires, all TAGs are regarded as expired.
· Option 3: When TAT associated with both PTAGs expires, all TAGs are regarded as expired.   
Proposal 16: For multi-DCI based multi-TRP operation with two TAs enhancement, RAN1 shall study UE behaviour in case of TAT expiry if TAT is configured per TAG as legacy.
· For example, TAT associated with one out of two TAGs configured within a serving cell expires.
3 Conclusion
[bookmark: OLE_LINK25]In this contribution, we discuss the potential candidate solutions and alternatives to support two TAs for multi-DCI multi-TRP operation with the following observation and proposals.
Observation 1: Timing advance adjustment value should be determined by the signaling from network rather than downlink reception timing measurement by UE.
Proposal 1: For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, support that UE expects that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESET Pool Index correspond to one TAG.
Proposal 2: For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, do NOT support to confirm the Working Assumption that “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”.
Proposal 3: For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation in Rel-15/16 spatial relation framework, support that the spatial relations of UL channels/signals associated to one CORESET Pool Index correspond to one TAG.
Proposal 4: Do NOT support two TAs enhancement for multi-DCI based multi-TRP operation in FR1 when Rel-15/16 spatial relation framework is used.
Proposal 5: For multi-DCI based inter-cell Multi-TRP operation with two TAs enhancement, do NOT support PDCCH order triggering RACH procedure towards inactive additionalPCI.
Proposal 6: For multi-DCI based inter-cell Multi-TRP operation with two TAs enhancement, support to introduce CORESETPoolIndex in PDCCH order to indicate which PRACH configuration is to be used in the triggered RACH procedure. 
· Note: The indicated PRACH configuration is corresponding to either serving cell or the active additional PCI.
Proposal 7: For multi-DCI based multi-TRP operation with two TAs enhancement, do NOT support to reuse the RAR-less solution agreed in Rel-18 Mobility Enhancement.
Proposal 8: For the case of a PDCCH order sent by one TRP triggers RACH procedure towards a different TRP, pathloss of PRACH transmission is calculated based on the SSB indicated by PDCCH order.
Proposal 9: For the case of a PDCCH order sent by one TRP triggers RACH procedure towards a different TRP, support that:
· PDCCH scrambled by RA-RNTI/MSGB-RNTI as RAR scheduling is QCLed with the DM-RS port quasi co-location properties of the CORESET associated with the Type-1 CSS.
· PDSCH scrambled with RA-RNTI or MSGB-RNTI as RAR conveying is QCLed with the same DL RS as QCL source RS of scheduling PDCCH.
Proposal 10: For multi-DCI based intra-cell Multi-TRP operation with two TAs enhancement, support to divide SSBs into two groups where each group is corresponding to each TRP (Alt 3).
Proposal 11: Regarding overlapping handling for two uplink transmissions associated with two TAs, support to introduce a time gap in which UE does not expect to transmit any uplink signals/channels if STxMP UL transmission is not supported (Alt 1).
· Candidate values of the time gap includes at least 1 and 2, other values can be FFS.
· Note: The time gap is from the last symbol of the former uplink transmission associated with one TAG to the first symbol of the latter uplink transmission associated with another TAG.
Proposal 12: Regarding the determination of timing advance values of two TAGs within a serving cell, support that the network signals two TACs, where each TAC is corresponding to a TAG.
Proposal 13: For multi-DCI based multi-TRP operation with two TAs, up to 8 TAGs can be configured.
Proposal 14: For multi-DCI based multi-TRP operation with two TAGs, RAN1 shall strive to determine the number of PTAGs that can be configured.
Proposal 15: For multi-DCI based multi-TRP operation with two TAs enhancement, support to configure TAT per TRP for TAGs within a serving cell in the perspective TAG-Config as legacy.
Proposal 16: For multi-DCI based multi-TRP operation with two TAs enhancement, RAN1 shall study UE behaviour in case of TAT expiry if TAT is configured per TAG as legacy.
· For example, TAT associated with one out of two TAGs configured within a serving cell expires.
4 References
[1] RP-213598, New WID: MIMO Evolution for Downlink and Uplink, Samsung (Moderator)
[2] Chair’s Notes RAN1#112 v20, Feb 27th - Mar 3rd, 2023, 3GPP RAN1
[3] Chair’s Notes RAN1#112bis-e v15, Apr 17th - 26th, 2023, 3GPP RAN1
[4] Chair’s Notes RAN1#110bis-e v16, Oct 10th - 19th, 2022, 3GPP RAN1
[5] Chair’s Notes RAN1#109-e v19, May 9th - 20th, 2022, 3GPP RAN1
[6] Chair’s Notes RAN1#110 v21, Aug 22nd - 26th, 2022, 3GPP RAN1
image4.png
inactive additional PCI active additional P CT

8]

(2) PRACH

(3)RAR

serving cell




image5.png
inactive additional PCI active addmonal PCI

‘=
ﬁ /l (1) PDCCH order
/ (3)RAR

serving cell





image6.png
inactive additional PCI active addmonal PCI

(m)

Fy.

serving cell




image7.png
gNB/DU

legacy -
L 7
ANY

T
\ PDCCH order
\





image1.png
inactive additional P CI active additional PCI

((m)
j (1) PDCCH order
f (2) PRACH
serving cell / (3)RAR




image2.png
inactive additional PCT active additional PCI
RaR,~"
. (2) PRACH
[

(1) PDCCH order
é (3 RAR





image3.png
inactive additional PCI active addmonal PCI

RAR (1)
/ (2) PRACH
md:r

((-))





