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Introduction
1. 
In the previous meetings, some agreements pertaining to TA enhancement for UL M-TRP transmission were achieved. While, there are still some issues that need to be further discussed. Therefore, we provide our views on remaining issues in this paper.
Discussion
TAG configuration
	Agreement (RAN1#109)
Support two TA enhancement for both intra-cell and inter-cell multi-DCI multi-TRP scenarios in Rel-18.
Agreement (RAN1#110)
For multi-DCI based multi-TRP operation with two TAs, support configuring two TAGs belonging to a serving cell.


In RAN1#109-e, TA enhancement for both intra-cell and inter-cell M-TRP scenarios were agreed. For intra-cell M-TRP scenario, it was agreed that two TAGs can be configured for a serving cell in RAN1#110. While, TAG configuration for inter-cell M-TRP scenario was not discussed yet.
In legacy TA framework, TAG is only configured for serving cells. Hence, in inter-cell M-TRP case, TA value of the non-serving cell cannot be maintained based on current TA framework. For example, gNB is not able to update TA value of a 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 each 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 one 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 ID. No matter which one of them is activated, the TAG can be used for TA maintenance for it. In detail, once a non-serving cell is activated by TCI-state updating MAC-CE, UE will replace the TA of the TAG by the TA of the non-serving cell, which can be obtained by RACH procedure mentioned in section 2.2. Then, UE can maintain TA of the non-serving cell via receiving TA updating MAC-CE that includes the TAG ID. DL reference timing of the non-serving cell can be obtained according to reference SSB of the non-serving cell used in the RACH procedure for TA acquisition.
Proposal 1: Support configuring the same TAG ID for all the configured non-serving cells in inter-cell M-TRP case.

Acquisition of initial TA for the second TRP
With respect to acquisition of initial TA for the second TRP, the following agreement was made in RAN1 #110:
	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)


In current specification, initial TA value is indicated by RAR message of RACH procedure which can be triggered by gNB through a PDCCH order. Such kind of mechanism can be reused to obtain the initial TA value of the second TRP. 
[bookmark: _Hlk110326668]In intra-cell M-TRP case, two TRPs are corresponding to the same serving 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 corresponding to 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 corresponding to one TRP. Information of SSB grouping can be configured to UE. 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 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. In addition, when a RACH procedure triggered by PDCCH order is CBRA (i.e., preamble index indicated by PDCCH order is set to all ‘0’), no preamble is indicated by gNB and thus preamble grouping based solution cannot work. There are also other solutions, like using one reserved bit to indicate TRP-like index in RAR message. However, we should be careful on such kind of solution as every reserved bit is precious for future enhancement. Hence, we prefer SSB grouping based solution as it needs not to use the reserved bit in RAR message.
Proposal 2: In intra-cell M-TRP scenario, SSBs of the serving cell can be divided into two groups, with each SSB group corresponding to one TRP. Information of SSB groups can be configured to UE.
Proposal 3: For a RACH procedure, if the corresponding SSB belongs to the 1st/2nd SSB group, then the TA obtained via the RACH procedure is corresponding to the 1st/2nd TRP.
For inter-cell M-TRP case, initial TA of the second TRP (the TRP corresponding to the non-serving cell) also needs to be studied. As a starting point, PDCCH order triggered RACH can be considered. In R17, UE can be configured with non-serving cells (i.e., additional PCIs) and corresponding SSB resources of the non-serving cells. 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 an SSB of the non-serving cell, and then the UE will transmit preamble towards the second TRP and get initial TA of the second TRP via the received RAR. However, 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 same 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 (i.e., a serving cell or a non-serving cell) the triggered RACH procedure should be operated and for which TRP the received TA value is applied. For example, if AdditionalPCIIndex in the PDCCH order is set to all ‘x’, the UE knows the RACH procedure is operated for the non-serving cell corresponding to AdditionalPCIIndex ‘x’.
Proposal 4: Introduce an AdditionalPCIIndex field in PDCCH order for UE to differentiate that the triggered RACH procedure is corresponding to which cell.

[bookmark: _Hlk108366498]TAG association to UL channels/signals
In UL M-TRP transmission with two TAs, UE shall determine which TA should be applied for the transmission. The following options were discussed in last meeting.
	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.)


In Option 1, TAG and TCI-state/spatial relation are associated. UE can determine the TA for a UL transmission based on the TCI-state/spatial relation used for that UL transmission. The principle is simple and the spec impact is small. In additional, the use case of Option 1 is not limited to mDCI based M-TRP transmission. It can be also applied for other scenarios, like sDCI based M-TRP transmission and L1/L2 mobility. In other words, it has a good forward compatibility. However, this method cannot work in FR1 under legacy TCI framework in which both TCI-state and spatial relation are not applied for UL transmission.
Observation 1: Option 1 has a small spec impact and good forward compatibility, but cannot be applied for FR1 under legacy TCI framework.
In Option 2, each TAG is associated with a CORESETPoolIndex. For an UL transmission, UE adopts the TAG associated with the CORESETPoolIndex which is associated with the UL transmission. This requires that every UL channel/RS is associated with CORESETPoolIndex. This will introduce huge spec impacts as none of the UL channels/RS is associated with CORESETPoolIndex in current spec. In addition, the principle for the association between CORESETPoolIndex and different types of UL channel/RS can be diverse. Following are some examples.
· For DG based PUSCH, CORESETPoolIndex associated with the scheduling PDCCH can be considered to be associated with the PUSCH. 
· For CG based PUSCH transmission, the associated CORESETPoolIndex need to be configured in the configuration of the CG transmission. 
· For PUCCH used for HARQ A/N feedback of PDSCH, CORESETPoolIndex associated with the scheduling PDCCH of the PDSCH can be considered to be associated with the PUCCH.
· For PUCCH used for BFR, a PUCCH is associated with a BFD-RS set. If the BFD-RS set is further associated with a CORESETPoolIndex value (i.e., the two sets of BFD-RS are derived based on CORESETs corresponding to CORESETPoolIndex 0 and 1, respectively), then the PUCCH can be considered to be associated with the CORESETPoolIndex value. While, if BFD-RS sets are not associated with CORESETPoolIndex (i.e., the two sets of BFD-RS are explicitly configured), How to associate the PUCCH to CORESETPoolIndex is unclear and more studies are required.
· For PUCCH used for CSI feedback and PUCCH for SR, how to associate these kinds of PUCCH to CORESETPoolIndex is still unclear and needs further study.
· For SRS with usage ‘codebook’/‘nonCodebook’, when two SRS resource sets are configured, they can be associated with two CORESETPoolIndex values based on a fixed rule, e.g., the 1st/2nd SRS resource set is associated with the CORESETPoolIndex 0/1. 
· For SRS with usage ‘antennaSwitch’/‘beamManagement’, how to associate these kinds of SRS to CORESETPoolIndex is still unclear and needs further study. RAN1 may need to introduce per-TRP configuration for SRS with usage ‘antenna switch’/‘beamManagement’.
As given above, Option 2 requires RAN1 to specify the principle of association between CORESETPoolIndex and every type of UL channel/RS, which requires huge spec impact. The association between PUCCH and CORESETPoolIndex was discussed in Rel-16 and Rel-17, which was very controversial and no conclusion could be made. If Option 2 is supported, it can be imaged that RAN1 will spend plenty of time to discuss all the detail of association under Option 2. Considering there are 7 objectives in MIMO agenda, it is not wise to spend so much on that.
Observation 2: The spec impact of Option 2 is huge as it requires to specify the principle of association between CORESETPoolIndex and every type of UL channel/RS.
Even with the huge spec impact, Option 2 can be only applied in a very limited use case, i.e., mDCI based M-TRP case. As the whole design is closely dependent with CORESETPoolIndex, it has a poor forward compatibility as it cannot be used for other scenarios, like sDCI based M-TRP transmission and L1/L2 mobility. For example, when conducting SRS based UL beam management in a neighbor cell (e.g., beam management prior to handover), UE needs to transmit SRS with the TA of the neighbor cell. How can the UE determine the correct TA based on CORESETPoolIndex? It seems not feasible. 
One may argue that the focus of the WID is mDCI based M-TRP case. However, it doesn’t mean the design should be limited to such case. If a solution can be applied for not only mDCI based M-TRP case but also other cases, it surely outperforms Option 2.
Observation 3: Option 2 has a poor forward compatibility and cannot be used in scenarios like sDCI based M-TRP transmission and L1/L2 mobility.
[image: ]
Figure 1. Bundling of TA and PL RS
The principle of Option 3 lies on the fact that the TA and PL RS of an UL transmission should correspond to the same TRP. Hence, UE can determine the TRP corresponding to the UL transmission based on its PL RS and then adopt the TA corresponding to the TRP for the UL transmission. Taking intra-cell MTRP case as example, only the following spec impacts are needed: 
1) SSBs of the serving cell are configured in two SSB groups, with each SSB group associated with one TAG. Note that this is also beneficial for differentiating initial TA value of different TRP (see more detail in Section 2.2).
2) UE determine the TA of any UL transmission based on following principle: if the PL RS of the UL transmission is an SSB from the 1st/2nd SSB group, TA of the TAG associated with the 1st/2nd SSB group is adopted. While, if PL RS of the UL transmission is a CSI-RS, QCL source SSB of the CSI-RS is used to determine the TA. In particular, if the QCL source SSB is from the 1st/2nd SSB group, TA of the TAG associated with the 1st/2nd SSB group is adopted.
Such principle is simple and can be applied for both FR1 and FR2. It can also be easily extended to other scenarios, e.g., inter-cell M-TRP case, sDCI based M-TRP case, and L1/L2 mobility case. Following are some details.
· For inter-cell M-TRP case, SSBs of serving cell and SSBs of the non-serving cell are configured independently in different SSB list/group and associated with different TAGs/TAs. For any UL transmission, if its PL RS is an SSB of the serving cell, TAG of the serving cell is used. While, if its PL RS is an SSB of the non-serving cell, TAG of the non-serving cell is used. If the PL RS is a CSI-RS, the QCL source SSB of the CSI-RS is used to determine the TA similar to the principle given in 2).
· For sDCI based M-TRP cases, the above SSB grouping based solution can be directly used as it is independent with CORESETPoolIndex.
· For L1/L2 mobility case, SSBs of each neighbor cell are configured independently in different SSB  list/group and associated with different TAGs/TAs. For any UL transmission, if its PL RS is an SSB of a neighbor cell, TA of the neighbor cell is be used. If the PL RS is a CSI-RS, the QCL source SSB of the CSI-RS is used to determine the TA similar to the principle given in 2).
Observation 4: Option 3 can be applied for both FR1 and FR2 and can be easily extended for scenarios, like sDCI based M-TRP case and L1/L2 mobility, with limited spec impacts.
In option 4, each TAG is directly associated with channels/RS. For example, the associated TAG can be configured for PUCCH for periodical CSI feedback, periodical SRS, CG based PUSCH. However, for other channels/RS, the principle of the association relationship is still unclear. Similar to Option 2, in order to build the association between TAG and each type of UL channel/RS, the spec impact can be huge. In addition, the above association cannot be directly used for other scenarios, like L1/L2 mobility scenario where new association principle between TAG and channel/RS may be needed.
Observation 5: The spec impact of Option 4 is large as the principle of association between TAG and each type of UL channel/RS can be diverse.
Based on the above analysis, the comparison between the four options are given in Table 1. It can be seen that Option 3 are the best in terms of supporting of FR1+FR2, spec impact and forward compatibility. Hence, we support option 3.
Proposal 5: Support associating TAG to an SSB group (Option 3). For an UL transmission, UE adopts the TAG associated with the SSB group
· that PL RS of the UL transmission belongs to, if the PL RS is an SSB
· that QCL source SSB of the PL RS belongs to, if the PL RS is a CSI-RS

Table 1. Comparison of the Options
	Options
	Support FR1 and FR2
	Small spec impact
	Forward compatibility

	Option 1
	No
	Yes
	Yes

	Option 2
	Yes
	No
	No

	Option 3
	Yes
	Yes
	Yes

	Option 4
	Yes
	No
	No



UL overlapping
	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 current specification, UL overlapping exists in the situation with TA update where the new TA is larger than the old TA and hence the slot adopting the new TA is overlapped with the previous 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. 
Similarly, UL overlapping also exists in UL M-TRP transmission with two different TA values. For example, for two consecutive UL slots with different TAs, it is likely that the latter slot is overlapped with the first slot. In the last meeting, several issues related to such kind of UL overlapping were proposed for further study. Here we provide our views on these issues.
Firstly, if different UL beams are adopted for the two consecutive slots and UE can support simultaneous transmission with the two UL beams, overlap of the two consecutive slots seems no harm for the transmission of the two slots and mechanisms like scheduling restriction are not needed. However, this requires UE to report to gNB that whether the two UL beams used in the two consecutive slots can be used for simultaneous transmission or not. Such kind of reporting can be realized by beam pair reporting. However, in current spec, beam pair reporting is only available for simultaneous reception. Beam pair reporting for simultaneous UL transmission is not supported. In our understanding, it is the basic issue of STxMP and shall be addressed in 9.1.1.1 and 9.1.4.1 as it is a prerequisite of STxMP.
Proposal 6: If the UL beams used in two overlapped consecutive UL slots are a pair of beams that can be used for simultaneous UL transmission, mechanism like scheduling restriction or dropping rule are not needed.
Proposal 7: Beam pair reporting for simultaneous UL transmission is needed and can be discussed in 9.1.1.1 and 9.1.4.1.
For UL overlapping caused by TA update, 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 if the latter slot is shortened by not transmitting on the overlapped part of the latter slot. 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 dropping solution cannot work. What’s more, dropping the overlapped part may significantly degrade performance of the latter slot as it happens more frequently than slot overlap caused by TA updating. Hence, legacy dropping rule is not a proper solution. Instead, scheduling constraints in time domain can be introduced to avoid the overlap. For instance, 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 8: Scheduling constraint in time domain can be introduced to avoid overlapping of two consecutive UL transmissions with different TA values.

Reference timing
	Agreement(RAN1#109)
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


DL reference timing for UL M-TRP transmission was discussed in RAN1#109e meeting and two options were given for down selection. Then, some further discussion was conducted in RAN1#110 meeting and the advantages of Alt 1 over Alt 2 were clarified, which at least includes:
· With only one DL reference timing (Alt 2), the initial value of the second TA may be a negative value which is not supported in current spec. While, Alt 1 can avoid such issue.
· With only one DL reference timing (Alt 2), calculation of the second TA can be more complicated than adopting two independent reference timings (Alt 1).
· With only one DL reference timing (Alt 2), once the DL reference timing changes, both TA values need to be updated. In other words, it does not support independent update of two TA values. While, Alt 1 can avoid such issue.
· Since it was already agreed to adopt two TAGs for a serving cell, it is simpler to adopt two reference timings, with each corresponding to one TAG;
Hence, we support Alt 1. In addition, we suggest adding a note for Alt 1 that the gap of the two DL reference timing is no larger than CP length. This is to assume that there is no problem of DL timing and avoid the discussion of TA enhancement to be extended to DL timing enhancement.
Proposal 9: Support two independent reference timings with each corresponding to one TA.
· Note: Gap of the two reference timings is assumed to be no larger than CP length.

TA command
	Agreement (RAN1#110)
For multi-DCI based multi-TRP operation with two TAs, support configuring two TAGs belonging to a serving cell.


Due to UE mobility, TA value needs to be updated periodically to keep uplink synchronization. In current spec, one TA value for a specific TAG can be updated by a TA updating MAC CE which includes the corresponding TAG ID. For UL M-TRP transmission with two TAs, one remaining issue for TA updating is whether the two TA values should be updated jointly or not. In our understanding, change of the propagation delay from UE to the two TRPs are independent during UE mobility. Hence, TA update of the two TRPs should also be independent. For independent update of each TA, the legacy TA updating MAC-CE can be reused.
Proposal 10: Reuse Legacy TA updating MAC CE for independent update of each TA.

Summary and conclusion
In this contribution, we have the following observations and proposals:
Observation 1: Option 1 has a small spec impact and good forward compatibility, but cannot be applied for FR1 under legacy TCI framework.
Observation 2: The spec impact of Option 2 is huge as it requires to specify the principle of association between CORESETPoolIndex and every type of UL channel/RS.
Observation 3: Option 2 has a poor forward compatibility and cannot be used in scenarios like sDCI based M-TRP transmission and L1/L2 mobility.
Observation 4: Option 3 can be applied for both FR1 and FR2 and can be easily extended for scenarios, like sDCI based M-TRP case and L1/L2 mobility, with limited spec impacts.
[bookmark: _GoBack]Observation 5: The spec impact of Option 4 is large as the principle of association between TAG and each type of UL channel/RS can be diverse.
Proposal 1: Support configuring the same TAG ID for all the configured non-serving cells in inter-cell M-TRP case.
Proposal 2: In intra-cell M-TRP scenario, SSBs of the serving cell can be divided into two groups, with each SSB group corresponding to one TRP. Information of SSB groups can be configured to UE.
Proposal 3: For a RACH procedure, if the corresponding SSB belongs to the 1st/2nd SSB group, then the TA obtained via the RACH procedure is corresponding to the 1st/2nd TRP.
Proposal 4: Introduce an AdditionalPCIIndex field in PDCCH order for UE to differentiate that the triggered RACH procedure is corresponding to which cell.
Proposal 5: Support associating TAG to an SSB group (Option 3). For an UL transmission, UE adopts the TAG associated with the SSB group
· that PL RS of the UL transmission belongs to, if the PL RS is an SSB
· that QCL source SSB of the PL RS belongs to, if the PL RS is a CSI-RS
Proposal 6: If the UL beams used in two overlapped consecutive UL slots are a pair of beams that can be used for simultaneous UL transmission, mechanism like scheduling restriction or dropping rule are not needed.
Proposal 7: Beam pair reporting for simultaneous UL transmission is needed and can be discussed in 9.1.1.1 and 9.1.4.1.
Proposal 8: Scheduling constraint in time domain can be introduced to avoid overlapping of two consecutive UL transmissions with different TA values.
Proposal 9: Support two independent reference timings with each corresponding to one TA.
· Note: Gap of the two reference timing is assumed to be no larger than CP length.
Proposal 10: Reuse Legacy TA updating MAC CE for independent update of each TA.
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