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1 Introduction
In RAN1 #109-e meeting [1], the following agreements pertaining to TA enhancement for UL M-TRP transmission were reached. In this paper, we provide our views on remaining issues.
	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.
Agreement
For multi-DCI based multi-TRP operation, down-select one of the two alternatives:
· Alt 1: configure two TAGs within a serving cell
· Alt 2: consider two TAs within one TAG within a serving cell
Agreement
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.
Agreement
For multi-DCI multi-TRP operation with two TAs, study the following alternatives:
· [bookmark: _Hlk107049546]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
Agreement
For multi-DCI multi-TRP operation with two TAs, study the following alternatives further in Rel-18:
· Alt 1: one n-TimingAdvanceOffset value per serving cell
· Alt 2: two n-TimingAdvanceOffset value per serving cell
Conclusion
For multi-DCI multi-TRP operation with two TAs, the decision on the maximum uplink timing difference is left up to RAN4.
· Send an LS to RAN4 asking them the maximum uplink timing difference RAN1 can assume between the two TAs for multi-DCI multi-TRP operation.
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.


2 Discussion
2.1 TAG configuration
In current specification, each serving cell is associated with a TAG which is used for maintenance of one TA value. Serving cells associated with the same TAG share the same TA value. For UL intra-cell M-TRP transmission where two TA values need to be maintained for one serving cell, whether one TAG or two TAGs should be configured for the serving cell was discussed and considered as two options for down selection in the last meeting. Generally, we prefer configuring two TAGs for the serving cell due to the following reasons.
Firstly, each TA value is maintained based on one TAG in current specification. Hence, configuring two TAGs for the serving cell with each TAG used for maintaining one TA value requires less spec changes. For example, RAN2 does not need to study how to maintain two TA values with one TAG. In addition, with two TAG IDs, it is easier to realize TA update and TA indication for UL transmission. For instance, each TA value can be updated with a MAC CE containing the corresponding TAG ID, and TA value of an UL transmission can be indicated via indication of the corresponding TAG ID.
Proposal 1: Support configuring two TAGs within a serving cell for maintenance of two TA values in intra-cell M-TRP case.
TAG is only configured for serving cell in legacy TA framework. Hence, in inter-cell M-TRP case, TA value of the non-serving cell cannot be maintained with current mechanism. For example, gNB is not able to update the TA value of the non-serving cell via legacy MAC-CE as the legacy MAC-CE updates TA value based on TAG ID. To address this issue, a simple way is to configure a TAG for non-serving cell. However, as UE can be configured with up to 7 non-serving cells (i.e., additional PCIs), the number of TAGs (up to 4) is not enough if each non-serving cell is configured with a different TAG ID. Fortunately, as only one of the 7 non-serving cells can be activated at the same time, all the non-serving cells can share the same TAG ID. In other words, all the non-serving cells configured for inter-cell M-TRP transmission can be configured with the same TAG. No matter which one of them is activated, the TAG can be used for TA maintenance.
Proposal 2: Support configuring the same TAG for all the configured non-serving cells in inter-cell M-TRP case.
2.2 Acquisition of initial TA for the second TRP
[bookmark: _Hlk110326668]In current specification, initial TA value is indicated by RAR via RACH procedure. Such kind of mechanism can be reused to obtain the initial TA value of the second TRP. In intra-cell multi-TRP case, the two TRPs are corresponding to the same cell. Once receiving an RAR that contains an initial TA value, UE is not able to know whether it is the initial TA for the first TRP or the second TRP. To address this issue, UE should be able to differentiate RACH procedure for different TRPs. In the last meeting, several solutions including preamble grouping based and SSB grouping based solutions were discussed. In preamble grouping based solution, preambles of the serving cell are divided into two groups with each group used for one TRP. UE can determine the RACH procedure is for which TRP according to the transmitted preamble (e.g., the preamble index indicated in the PDCCH order). In SSB grouping based solution, SSBs of the serving cell are divided into two groups with each group used for one TRP. UE can determine the RACH procedure is for which TRP according to the corresponding SSB (e.g., SSB index indicated in the PDCCH order). In our view, both of these two solutions are feasible. Nevertheless, we would prefer SSB grouping based solution as preamble grouping restricts the flexibility of preamble allocation, e.g., preamble in the first group cannot be used for the second TRP. While, SSB grouping based solution does not have such issue as allocation of SSBs on two TRPs is usually static.
Proposal 3: RACH based initial TA acquisition for the second TRP can be considered in intra-cell M-TRP case.
· SSB grouping can be considered for differentiating the initial TA of different TRPs.
[bookmark: _Hlk108519628]Another approach for initial TA acquisition for the second TRP is RACH-less method. In particular, initial TA value of the second TRP can be calculated according to the gap of the DL arriving timing. For example, as illustrated in Fig. 1(a) where DL transmission time of the two TRPs is synchronized (both are T0), the DL arriving times corresponding to the two TRPs are T1 and T2, with a timing gap T2-T1. Initial TA value of TRP 2 can be determined by adding twice of the timing gap to the first TA, i.e., TA2= TA1+2(T2-T1). While, if DL transmission time of the two TRPs is not synchronized (Fig. 1(b)), initial TA value of TRP 2 is also dependent with the gap of the DL transmission times of the two TRPs. If the gap of the DL transmission time is unknown for UE, the initial TA of the second TRP cannot be calculated by the UE. Indicating the gap to UE by gNB can be a solution. However, the benefit of such indication over RAR based initial TA indication is questionable. In addition, the impact of measurement error and quantization error on gap calculation should also be considered.
Observation 1: When two TRPs are asynchronous, the feasibility of RACH-less based second TA acquisition needs to be justified.
[image: ]
Figure 1. The second initial TA acquisition based on RACH-less method
For inter-cell M-TRP case, initial TA of the second TRP (the TRP corresponding to the non-serving cell) also need to be studied. As a starting point, RACH based initial TA acquisition can be considered. In R17, UE can be configured with non-serving cells (i.e., additional PCIs) and corresponding SSB resources. Intuitively, UE can get initial TA of the second TRP via RACH procedure if the RACH procedure is based on SSB from the non-serving cell. For example, gNB can transmit a PDCCH order to UE which indicates a SSB of the non-serving cell, then the UE will transmit preamble towards the second TRP and get initial TA of the second TRP via the received RAR. However, with only SSB index in PDCCH order, UE cannot tell the indicated SSB belongs to the serving cell or the non-serving cell, as both the serving cell and the non-serving cell may have SSB with the indicated SSB index. To address this issue, a simple way is to introduce an AdditionalPCIIndex field in the PDCCH order. With such field, UE can know in which cell the triggered RACH procedure should be operated and for which TRP the received TA value in the corresponding RAR is used.
Proposal 4: RACH based initial TA acquisition for the second TRP corresponding to the non-serving cell can be considered in inter-cell MTRP case. 
· An AdditionalPCIIndex field need to be introduced in PDCCH order.
2.3 [bookmark: _Hlk108366498]Mapping of TA for UL transmission
[bookmark: _Hlk108534725]In current specification, each UL transmission will be provided a reference signal for spatial relation reference. Therefore, associating each TA with one TCI-state/spatial relation is a straightforward method for UE to determine which TA would be applied to UL channels/signals. In other words, UE can directly apply the TA associated with the TCI-state/spatial relation for UL transmission. This method avoids extra signaling overhead since UE can determine TA for UL channels/signals when determining UL TCI-state/spatial relation. For association between TA and TCI-state/spatial relation, the following approaches can be considered. A direct approach is to configure TAG ID in TCI-states/spatial relations. When UE is indicated with a TCI-state/spatial relation for UL transmission, TA corresponding to the TAG included in the TCI-state/spatial relation can be applied for the UL transmission. Another approach is to associate TAG with reference signals (i.e., SSBs). UE can determine TA corresponding to the TAG to be adopted for UL transmission according to the QCL RS of the indicated TCI-state/spatial relation based on the association between TAG and reference signal.
Proposal 5: Support TCI-state/spatial relation based TA mapping in UL M-TRP transmission.
2.4 UL overlapping
R17 supports TDM based UL M-TRP transmission, where two TAs are used for transmission towards different TRPs in a TDM pattern. In such case, it is likely that two consecutive transmissions may overlap in a particular period of time. During such time, UE need to transmit simultaneously with the two TAs. However, the UE may not have the capability for simultaneous transmission. For example, as illustrated in Fig. 2 where the two TRPs are synchronized in DL transmission time. Two UL transmissions in two consecutive slots adopt TA1 and TA2 respectively. After the first transmission with TA1, UE starts the second transmission with TA2. If TA2 is larger than TA1, then the starting of the second transmission is overlapped with the duration of the first transmission. 
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Figure 2. UL overlap due to two TAs
Such kind of overlap also exists in the situation with TA update where the new TA is larger than the old TA and hence the first slot adopting the new TA is overlapped with the last slot adopting the old TA. The corresponding solution is to shorten the latter slot by not transmitting on the overlapped part of the latter slot. gNB knows the overlapped part (the two TAs share the same DL reference timing and hence the length of the overlap equals the gap between the new TA and the old TA) and hence can receive the UL transmission correctly. However, in M-TRP case, the two TRPs may adopt independent DL reference timings and thus gNB is not able to calculate the length of the overlapped part. In such case, the legacy solution cannot work.
To address this issue, scheduling constraints in time domain can be introduced to avoid the overlap. For example, when two UL transmissions are associated with two different TAs in two consecutive slots, gNB cannot schedule the last symbol of the first slot and the first symbol of the second slot at the same time.
Proposal 6: Scheduling constraint in time domain can be introduced to avoid overlap of two consecutive UL slots with different TA values.
2.5 Reference timing
For maintenance of two TAs, whether one or two DL reference timings (DL reception timing) should be adopted was discussed in 109e. In the following, we provide analysis on the acquisition of the second TA based on one or two reference timings.
When two reference timings are adopted, each TA can be calculated based on the corresponding reference timing. The second TA (e.g., TA2 in Fig.3(a)) is twice of the transmission delay of the second TRP which can be easily derived according to the timing of the received preamble on the second TRP. While, if one reference timing is adopted for both TRPs, the second TA (e.g.,  in Fig.3(b)) is derived by the following formula
=0.5*(TA1+TA2)-(T0,2-T0,1)
where TA2 is the second TA value under two reference timing as mentioned above which can be derived based RACH procedure towards the second TRP. From the formula above, it can be found that the calculation of the second TA value under one reference timing is more complicated than the case with two independent reference timings. In addition, the calculation of the second TA relays on other entries like the first TA value (i.e. TA1) and the gap of the transmission time of the two TRPs (i.e., T0,2-T0,1) which may bring extra uncertainty and error in the calculation. Consequently, we prefer adopting two independent reference timings for two TRPs. Furthermore, considering complexity of UE implementation, it is preferable that only one DL timing is maintained by UE for DL receiving. In other words, UE assumes the RX timing difference for DL transmissions from multiple TRPs is smaller than CP.
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Fig3. Calculation of the second TA value under one or two reference timings 
Proposal 7: Support two independent reference timings for two TAs. 
2.6 TA offset
TA is calculated by (NTA+NTA,offset)Tc where NTA is the UE-maintained TA value according to TA command in RAR and MAC-CE signaling and NTA,offset is an overall TA offset. NTA,offset is configured with n-TimingAdvanceOffset for each serving cell. If UE is not configured with n-TimingAdvanceOffset, a default value can be determined based on the duplex mode of the cell as defined in Table 7.1.2-2 in 38.133. In UL M-TRP transmission, the two TRPs can be configured with different duplex modes, e.g., TRP1 configured with EUTRA-NR and TRP2 not configured with EUTRA-NR, and hence can have different values of NTA,offset. Consequently, it is necessary to allow gNB to configure at most two NTA,offset for UE in UL M-TRP transmission cases.
Proposal 8: Support configuring two n-TimingAdvanceOffset values per serving cell for UL M-TRP transmission.

3 Summary and conclusion 
Proposal 1: Support configuring two TAGs within a serving cell for maintenance of two TA values in intra-cell M-TRP case.
Proposal 2: Support configuring the same TAG for all the configured non-serving cells in inter-cell M-TRP case.
Proposal 3: RACH based initial TA acquisition for the second TRP can be considered in intra-cell M-TRP case.
· SSB grouping can be considered for differentiating the initial TA of different TRPs.
Observation 1: When two TRPs are asynchronous, the feasibility of RACH-less based second TA acquisition needs to be justified.
Proposal 4: RACH based initial TA acquisition for the second TRP corresponding to the non-serving cell can be considered in inter-cell MTRP case. 
· An AdditionalPCIIndex field need to be introduced in PDCCH order.
Proposal 5: Support TCI-state/spatial relation based TA mapping in UL M-TRP transmission.
Proposal 6: Scheduling constraint in time domain can be introduced to avoid overlap of two consecutive UL slots with different TA values.
Proposal 7: Support two independent reference timings for two TAs. 
Proposal 8: Support configuring two n-TimingAdvanceOffset values per serving cell for UL M-TRP transmission.


4 References
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