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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.
2 Discussion
2.1 Determination of two TAs 
In RAN1#109-e meeting, the following agreement has been reached but consensus on how to determine two TAs for multi-DCI multi-TRP operation should be further determined.
	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 the UE can directly apply the received TAC. As 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 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 by the network would be more reliable than that by the UE. Meanwhile considering the alternative which derives the second TA according to the difference of downlink reception timing requires maintaining multiple downlink timeline or measuring reception timing of DL reference signals by the UE, introducing such complexity is unnecessary.
Observation 1: Timing advance adjustment amount should be determined by the signaling from network rather than downlink reception timing measurement by UE.
Based on the agreement above, two feasible alternatives to determine two TAs are considered in the following aspects.
· Alt 1: The network signals two TACs.
[bookmark: OLE_LINK5]Alt 1 is straightforward to reuse the current timing advance framework and each of the TACs is associated with a TRP. By this way, UE behaviour of adjusting uplink transmission timing for different TRPs are basically the same, and the UE requires to apply a TAC to the targeting TRP according to the association. Once receiving the TACs signaled by the network, the UE adjusts the current timing advance value for each 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 ideal back-haul can not be satisfied for two TRPs.
· Alt 2: The network signals one TAC and a timing advance related offset value.
For Alt 2, the network signals one TAC to UE to adjust uplink transmission timing for one TRP and signals an offset value to UE to adjust uplink transmission timing for another TRP. The UE determines the timing advance for one TRP based on the received TAC and determines the timing advance for another TRP based on the received TAC and the offset value.
Compared with Alt 1, more spec efforts and deployment complexity may be introduced to Alt 2, but flexibility and dynamic indication can be brought as trade-off, e.g. the timing advance related offset value can be introduced in DCI format to indicate UE with low latency. In light of the above, we prefer to adopt Alt 1 to address this issue. 
Proposal 1: Regarding the determination of two timing advance values, support of the network signals two individual TACs associated with the respective TRP.
2.2 Time Alignment group
In RAN1#110 meeting, the following agreement on supporting two TAGs within a serving cell has been reached.
	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, therefore it is straightforward to double the maximum number of TAGs to be 8 when two TAGs can be configured within a serving cell. 
Proposal 2: 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 follows 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 two the TAGs associated with the primary serving cell are the PTAGs.
Proposal 3: For multi-DCI based multi-TRP operation with two TAGs, RAN1 shall further study one or two PTAGs can be supported. 
2.3 Association between TA and channels/signals
In RAN1#110 meeting, the following agreement on the association between TA and UL channels/signals has been captured. 
	Agreement
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, downselect one of the options in RAN1#110bis-e:
· Option 1: Associate TAG to TCI-state/spatial relation
· Option 2: Associate TAG to CORESETPoolIndex
· Option 3: Associate TAG to DL RS group. For a UL transmission, UE adopts the TAG associated with the DL RS group to which the PL RS of the UL transmission belongs.
· Option 4: Associate TAG to target UL channels/RSs directly for semi-static UL channels/RSs (e.g. P CSI PUCCH, P SRS, CG PUSCH), and further discuss how to associate TAG to dynamic UL channels/RSs(e.g. via associating TAG to CORESETPoolIndex additionally, etc.)


For Option 1, in one aspect, if the association is based on TCI state, TA enhancement is more likely to be operated per beam/beam group rather than per TRP. As TA enhancement per beam might be out of the scope of TA enhancement in Rel-18, some restrictions should be specified, e.g. TCI states associated with the same CORESETPoolIndex should not be associated with two different TAGs. In such restrictions, the relationship between TAG and CORESETPoolIndex is still needed. In another aspect, Option 1 cannot be workable in FR1 due to there is no TCI state/ spatial relation indication in this case. 
For Option 2, as CORESETPoolIndex has been introduced for multi-DCI based multi-TRP operation to identify TRP-ID since Rel-16, it is reasonable to reuse CORESETPoolIndex to associate TA with UL channels/signals as the identification of TRP. The UE is firstly configured with the association of TAG and CORESETPoolID, and then UE determines timing advance of a UL channel/signal scheduled by a DCI associated with the CORESETPoolIndex based on the received TAC associated with the corresponding TAG.
For Option 3, pathloss RS can be an SSB or a CSI-RS, and it is configured in multiple RRC information elements, therefore quite a lot of spec efforts are needed to specify the association between DL RS group and TAG. Option 3 provides a multilevel association rather than a direct association as Option 1 or Option 2, hence more clarifications are required similarly.
Option 4 could be regarded as the combination of Option 1 and Option 2, but it might provide a potential idea of association between TAG and UL channels/signals, i.e., the issue can be handled per type of uplink channels/signals. For instance, associate TAG to CORESETPoolIndex for dynamically scheduled UL channels/signals based on the current framework of MDCI based MTRP operation. In terms of other UL channels/signals (e.g. CG PUSCH, P/SP SRS, P/SP PUCCH), associate TAG to uplink transmission configuration (e.g. ConfiguredGrantConfig, SRS-Config, PUCCH-Config), wherein CORESETPoolIndex can be configured in the uplink transmission configuration.
Proposal 4: For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, support to associate TAG to CORESETPoolIndex (Option 2).
· Study to configure CORESETPoolIndex in the transmission configuration of UL channels/signals without dynamical scheduling.
2.4 Reference timing for Uplink transmission
In RAN1#109-e meeting, the following agreement has been reached to further study the reference timing of UL timing adjustment.
	Agreement
For multi-DCI multi-TRP operation with two TAs, study the following alternatives:
· Alt 1: two reference timings are considered
· Alt 2: one reference timing is considered
Note: reference timing above is the timing of the DL reception


[bookmark: OLE_LINK3]In the case of two TAs, starting time of an uplink frame associated with a TRP should be determined by timing advance associated with the corresponding TRP and a reference timing of the DL frames.
As shown in Figure 1, timing of uplink frames to two TRPs are determined using one reference timing and timing advance values associated with the respective TRP.
[image: ]
Figure 1 One DL reference timing in case of two TAs
More specifically, as illustrated in Figure 2, assumed that two TRPs are non-synchronized and the delay of DL transmission between TRPs is p, and the propagation delay from TRP-1 and TRP-2 to UE are t1 and t2 respectively, and the timing advance value is twice of the downlink propagation delay. UE adjusts uplink transmission timing of both TRPs based on the same DL reference timing. 
[image: ]
Figure 2 Timing Advance for two non-synchronized TRPs using one DL reference timing
· In such case, the arrival timing of the uplink frame associated with TRP-2 is totally aligned with the corresponding downlink frame, but there is a gap, i.e. t2+p-t1, between the arrival timing of the uplink frame associated with TRP-1 and transmitting timing of the corresponding downlink frame.
· Then, if it is still assumed that the received DL transmissions from multiple TRPs are within a CP, the difference of arrival timing of downlink frames associated with TRP-1 and TRP-2 t2+p-t1 should be less than the length of CP, which means that the gap is less than the length of CP as well. Hence adjusting uplink transmission timing associated with a TRP based on the downlink reference timing associated with another TRP can still satisfy the requirements of uplink time alignment.
Observation 2: Uplink timing determination in case of two TAs using one DL reference timing will not result in unacceptable timing adjustment.
Figure 3 shows that timing of uplink frames to two TRPs are determined using two reference timings. Although determining timing of uplink frames to each TRP using downlink reference timing of the corresponding TRP is a straightforward alternative, feasibility and complexity of such behaviour need to be evaluated. Maintaining downlink timings of two TRPs will lead to higher complexity of UE implementation and much more spec efforts. For example, the mapping of DL reference timings and UL TAs should be specified. 
According to TS 38.211, only correspondence between uplink frames and downlink frames is specified, therefore supporting two DL reference timings further requires association between DL RS (e.g. SSB) and DL frames. It should up to RAN4 to specify such association in TS 38.133 firstly, and then RAN1 can consider whether to specify the association accordingly. If two DL reference timings are additionally supported, the time gap between two DL reference timings should not be larger than the CP length, otherwise severe impacts on demodulation of UE should be considered.
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Figure 3 Two DL reference timings in case of two TAs
Proposal 5: Regarding the reference timing of downlink reception to adjust uplink transmission timing in case of two TAs for multi-DCI multi-TRP scenario,
·  One reference timing (Alt 2) should be supported at least.
· Whether to support two reference timings (Alt 1) can be subject to UE capability.
· Whether/how to specify mapping between DL reference timing and UL TA is up to RAN4. 
· Note: If additionally supporting two reference timings, the time gap between the two reference timings should not be larger than one CP length.

2.5 Initial Timing Advance
In RAN1#110 meeting, the following agreement on initial timing advance acquisition through random access procedures has been endorsed. 
	Agreement
For multi-DCI based multi-TRP operation with two TAs, study the impact of two TAs for the following:
· RACH triggered by PDCCH order in intra-cell MTRP case 
· RACH triggered by PDCCH order in inter-cell MTRP case
· Which might require RACH enhancement as well 
· UE triggered RACH by CBRA or CFRA in RRC connected mode
Further details of enhancements needed (if any)


A number of events to trigger random access procedures are defined in TS 38.300, and the following two events should be considered for two-TA enhancement.
Event 1: DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised".
In such event, "non-synchronised" of UL synchronisation is equivalent to TAT expiry. According to TS 38.321, when a TAT associated with a TAG expires, the MAC entity will maintain timing advance values of this TAG or all TAGs. Then CBRA can be triggered to acquire the initial TA. 
If the TAT is configured for each TRP individually as analyzed in sub-section 2.8 and the TAT associated with the TRP without initial access expires, CBRA should still be triggered to align with the legacy procedures, otherwise some new procedures should be specified in such case. For example, UE does not maintain timing advance values until receiving a PDCCH order in case of TAT expiry of the TAG not associated with CORESETPoolIndex 0.
Event 2: To establish time alignment for a secondary TAG.
According to TS 38.321, random access procedure on a SCell shall only be initiated by a PDCCH order, therefore only PDCCH order based RACH can be triggered for event 2 in legacy. Combining the analysis in sub-section 2.2, no matter either one or two PTAGs are supported, the TAG which contains PCell and is associated with the second TRP can initiate random access procedure on PCell, and the limitation specified above should be ignored, therefore both CBRA and CFRA can be supported.
Furthermore, if two PTAGs are supported, event 2 should be enhanced to include time alignment establishment for a secondary TAG or the second primary TAG, for the reason that time alignment for the second primary TAG can not be established through initial access the same as that for PTAG.
Proposal 6: Regarding obtaining initial timing advance values for multi-DCI based multi-TRP operation with two TAs through random access procedures, both UE triggered RACH and PDCCH order based RACH should be supported.
Either for CBRA or for CFRA, the following three aspects regarding of random access configuration should be considered.
· Random access preambles
Considering the number of preambles associated with a SSB index in a PRACH occasion might be quite less in some RACH configuration cases, it will be insufficient for TRP-specific CFRA. Hence two preamble groups can be configured for UE, wherein each of the preamble groups is associated with a TRP. The preamble groups can be explicitly or implicitly configured for multiple TRPs, i.e. two separate preamble group configurations, or dividing a preamble group into two parts.
· SSB index
SSB index indicated in the PDCCH order or determined based on RSRP measurement is used to determine the RACH occasion(s) to transmit a preamble. When two SSB groups are configured for two TRPs, the mapping of SSB index to RACH occasion can be per TRP as well. As the number of SSB indexes mapped in a RACH occasion can be indicated by ssb-perRACH-OccasionAndCB-PreamblesPerSSB in RACH-Config, SSB grouping should ensure the SSB indexes mapped in the same RACH occasion are associated with the same TRP.
· RACH occasions
If RACH occasions configured for two TRPs are individual and non-overlapped, TRP identification can be realized by the time or frequency domain position of the RACH occasions. However introducing additional RACH occasions might be a challenging work, and quite a lot considerations are needed to ensure non-overlapping between the two RACH occasion sets. Another method is to divide the RACH occasions defined in legacy into two sets, wherein each set is associated with a TRP.
For PDCCH order based random access for multi-DCI multi-TRP, besides the considerations above, PDCCH order associated with one TRP should be allowed to trigger random access procedures of another TRP in case the link of the latter TRP to UE is not reliable enough. Therefore, a TRP related indication field can be introduced in PDCCH order, or such identification can be implicitly indicated by the enhancements above, e.g. a first set of preamble indexes are associated with TRP 1 and a second set of preamble indexes are associated with TRP 2.
Proposal 7: Regarding RACH enhancements for multi-DCI based multi-TRP operation with two TAs, the following options should be considered.
· Option 1: Two Preamble groups for two TAs.
· Option 2: Two SSB groups for two TAs.
· Option 3: Two RACH occasion sets for two TAs.

2.6 Overlapping handling due to two TAs 
In RAN1#110 meeting, the agreement below was endorsed and some further considerations are needed.
	Agreement
For multi-DCI based multi-TRP operation with two TAs, study how to handle overlapping part between two UL transmissions associated with two TAs, where the study includes:
· whether to introduce scheduling restriction in overlapping part
· whether to introduce dropping rules 
· whether specification impact is needed, or if the issue can be handled via implementation
· whether to allow overlapped transmission in case the UE supports STxMP transmission (if STxMP feature is agreed in NR Rel-18)


In legacy rules, when two adjacent slots overlap due to a TA command, the latter slot is reduced in duration relative to the former slot, and such overlapping can happen only when a TAC is received. However overlapping between two uplink transmissions associated with two TAs can be quite normal and frequent, dropping rules will lead to re-transmission of plenty of uplink transmissions.
Observation 3: Dropping one of the uplink transmissions associated with two TAs to handle overlapping issue may lead to performance degradation for uplink transmission.
For overlapping between two uplink transmissions associated with two TAs, assumed that NTA,offset for different TRPs are configured the same, and TACs for TRPs are received and applied by the UE at the same time. If TA  is indicated by the TAC to be 0 and 63 for TRP-1 and TRP-2 respectively, the overlapping length will be 63·16·64·Tc, and it is multiples of the CP length and less than the length of an OFDM symbol. Considering initial timing advance acquisition and TA updating for two TRPs are not requested to be synchronized, therefore the overlapping length might be larger than the values analyzed above.
It is an effective method to introduce a scheduling restriction by which the UE does not expect to be scheduled an uplink transmission within a time gap, and the overlapping issue can be prevented accordingly. Further details of the time gap are as follows. 
· As shown in Figure 4, the timing advance values are NTA,1 and NTA,2 respectively, and the time gap is Ntg. In order to prevent from uplink overlapping, the start timing of the uplink transmission 2 should be later than the end timing of the uplink transmission 1, which means that NTA,1+Ntg should be larger than NTA,2, in other words, the time gap should be at least larger than NTA,2 - NTA,1.
· The minimum time gap satisfying the demand changes with the updating of timing advance values, hence determination of the time gap should be considered. For example, a predefined value set can be specified, wherein multiple {difference between two TAs, time gap} pairs are defined.
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Figure 4 Overlapping avoidance between two UL transmissions associated with two TAs
Proposal 8: 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.
· UE does NOT expect to transmit an uplink transmission associated with a TA value within the time gap starting from the end of an uplink transmission associated with a different TA value.
· FFS: Candidate values of the time gap.
For UE having capability of STxMP UL transmission, when two uplink transmissions associated with two TAs collide, STxMP UL transmission scheme can be enabled. Uplink transmissions associated with different TAs and not satisfying the time gap are expected to be transmitted through different panels. In other words, for uplink transmissions associated with different TAs but the same panel, the time gap introduced above should be used. For simultaneous uplink transmissions associated with different panels, the time gap can be unused.
Proposal 9: STxMP UL transmission should be allowed to handle overlapping between two uplink transmissions associated with two TAs in case the UE supports STxMP UL transmission.

2.7 Time Alignment Timer
For time alignment timer (TAT), it is configured in TAG-Config per TAG in the current specification. According to subclause 5.2 in TS 38.321, the MAC entity will start or restart the corresponding TAT once receiving a TAC. When the TAT expires, the MAC entity will flush HARQ buffers, notify RRC to release resources, clear periodic or semi-persistent reception/transmission and maintain the timing advance value. When the TAT expires, the UL synchronization status is set to "non-synchronized", and uplink transmissions except PRACH are not allowed, then random access procedures are required to obtain the initial timing advance value.
[bookmark: _GoBack]In one aspect, 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 is a straightforward option. In another aspect, considering the non-ideal back-haul characteristic might be there for multi-DCI multi-TRP operation, starting or restarting the timer can be asynchronous, hence it is not reasonable to run one timer for two TAGs.
If timing advance command is separately indicated for each TRP, the reception timing of TAC for each TRP may differ, hence it is unavoidable that the TAT of one TRP expires and the TAT of another TRP does not, and UE’s behaviour in such case should be further considered, e.g. only to cancel the uplink transmission associated with TRP of which the TAT expires, or fallback to single TA operation, i.e. both TRPs share the same timing advance. Based on the analysis in section 2.2, whether one or two PTAGs can be supported should be discussed, accordingly UE behaviour in case of TAT associated with a PTAG expires should be considered. 
Proposal 10: Regarding time alignment timer (TAT) configuration for two TAs, support to configure time alignment timer per TRP for TAGs within a serving cell and study the detailed behavior of UE when the TAT expires.

3 Conclusion
[bookmark: OLE_LINK25]In this contribution, we discuss the potential candidate solutions and alternatives to support two TAs for NR multi-TRP operation with the following observations and proposals.
Observation 1: Timing advance adjustment amount should be determined by the signaling from network rather than downlink reception timing measurement by UE.
Observation 2: Uplink timing determination in case of two TAs using one DL reference timing will not result in unacceptable timing adjustment.
Observation 3: Dropping one of the uplink transmissions associated with two TAs to handle overlapping issue may lead to performance degradation for uplink transmission.

Proposal 1: Regarding the determination of two timing advance values, support of the network signals two individual TACs associated with the respective TRP.
Proposal 2: For multi-DCI based multi-TRP operation with two TAs, up to 8 TAGs can be configured.
Proposal 3: For multi-DCI based multi-TRP operation with two TAGs, RAN1 shall further study one or two PTAGs can be supported.
Proposal 4: For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, support to associate TAG to CORESETPoolIndex (Option 2).
· Study to configure CORESETPoolIndex in the transmission configuration of UL channels/signals without dynamical scheduling.
Proposal 5: Regarding the reference timing of downlink reception to adjust uplink transmission timing in case of two TAs for multi-DCI multi-TRP scenario,
·  One reference timing (Alt 2) should be supported at least.
· Whether to support two reference timings (Alt 1) can be subject to UE capability.
· Whether/how to specify mapping between DL reference timing and UL TA is up to RAN4. 
· Note: If additionally supporting two reference timings, the time gap between the two reference timings should not be larger than one CP length.
Proposal 6: Regarding obtaining initial timing advance values for multi-DCI based multi-TRP operation with two TAs through random access procedures, both UE triggered RACH and PDCCH order based RACH should be supported.
Proposal 7: Regarding RACH enhancements for multi-DCI based multi-TRP operation with two TAs, the following options should be considered.
· Option 1: Two Preamble groups for two TAs.
· Option 2: Two SSB groups for two TAs.
· Option 3: Two RACH occasion sets for two TAs.
Proposal 8: 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.
· UE does NOT expect to transmit an uplink transmission associated with a TA value within the time gap starting from the end of an uplink transmission associated with a different TA value.
· FFS: Candidate values of the time gap.
Proposal 9: STxMP UL transmission should be allowed to handle overlapping between two uplink transmissions associated with two TAs in case the UE supports STxMP UL transmission.
Proposal 10: Regarding time alignment timer (TAT) configuration for two TAs, support to configure time alignment timer per TRP for TAGs within a serving cell and study the detailed behavior of UE when the TAT expires.
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