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Introduction
In the RAN1#112bis-e meeting, two TA for multiple DCI was discussed on the TA acquisition, TA updates, reference timing and others [1]. The detailed agreements are quoted in the related sections. 

In this contribution, we discussed the related issues about two TAs for UL multi-DCI for multi-TRP operation. 

Discussion
1 
2 
Requirements to UE implementations
In the RAN1#109e meeting, it was agreed to support the enhancement on two TAs for UL multiple DCI for multiple TRP operation in Rel-18.
	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.




Currently the UE could only support one TA at least for one carrier. But the UE could also support multiple TAs across multiple carriers. Unlike in the CA scenario, the carriers that have different TAs may have different RF chains. Those RF chains could work separately. But in the current two TAs under multiple TRP scenario, two TRP work under the same frequency. The UE should support two TAs in the same carrier using a same set of RF and IF unit. It is not clear whether this will put additional requirements for the realization of UEs. If the TA adjustment is related to the clock of UE, the retuning of the clock may require an additional process time between the switching between the TAs. If two TAs do not require to retune the clock, whether the UE can maintain two TAs and how to maintain the two TAs should be clarified. 

[bookmark: _Hlk131776555]Proposal 1:
It should be clarified that if the two TAs put additional requirements on the UE realization, such as clock retuning, process time of switching between the two TAs, whether there are additional requirements for UE to maintain two TAs. 

Initial TA acquisition
For the initial acquisition of the TA of 2nd TRP, two mechanisms could be considered. One is based on UE’s measurements without PRACH transmission. The other is based on the RACH transmission. For the 1st mechanism, UEs with two TRPs could receive the SSBs or other DL signals from the two TRP and then derive downlink timing difference between the two TRPs. The timing difference could be used to estimate the TA of the 2nd TRP. Although this estimated TA may not be accurate as the one indicated by 2nd TRP, the 2nd TRP could update the TA in the following procedures. 

[bookmark: _Hlk131776560]Observation 1:
UEs could measure the DL timing difference between two TRPs which could be used to generate a estimated TA for the uplink transmission to the 2nd TRP. And the 2nd TRP could update the TA after receiving first transmission from this UE. 
In RAN1#111 meeting, only PDCCH ordered CFRA was supported for the TA acquisition for the 2nd TRP in RAN1.
	
Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, support CFRA triggered by PDCCH order for both intra-cell and inter-cell cases.

Conclusion
For multi-DCI based Multi-TRP operation with two TA enhancement, there is no consensus to support enhancements for CBRA triggered by PDCCH order.

Conclusion
For multi-DCI based Multi-TRP operation with two TA enhancement, it is up to RAN2 to decide whether there is a need to enhance CBRA procedure to support per TRP UE-initiated RACH procedure.
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Although the UE has the information that the propagation delay to the two TRPs are different and a 2nd TA is required, the serving TRP does not have this information. It should be discussed that when and in which condition, the PDCCH ordered RACH for the 2nd TA should be triggered. 

[bookmark: _Hlk131776564]Proposal 2:
It should be discussed that when and in which condition, the PDCCH ordered RACH for the 2nd TA should be triggered. 

In the previous meetings, it was concluded that the additional type 1 CSS configuration per additional DCI will not be introduced for the two TA procedure. And the additional RACH configuration will be supported for each of the configured additional PCI. Thus, the absolute TA value of the other TRP would be transmitted from the current serving cell to the UE.

	Conclusion
For inter-cell multi-DCI based multi-TRP operation with two TA enhancement, there is no consensus to introduce additional type 1 CSS configuration per additional PCI.

Agreement
Confirm the following working assumption:
For multi-DCI based inter-cell Multi-TRP operation with two TA enhancement, one additional PRACH configuration is supported for each configured additional PCI
· the additional PRACH configuration is used in a RACH procedure triggered by a PDCCH order for the corresponding configured additional PCI 

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 intra-cell MTRP, the indication of TAG ID is still under discussion. Three alternatives are listed for the down selection. 
	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.




Alt 1 is to indicate the TAG ID as part of TA command in RAR. Since UE will receive the TA value through the RAR, it is straightforward to indicate the TAG ID with the TA values. And it is also more compatible with the case of inter-cell multiple DCI based MTRP. 

Proposal 3:
For intra-cell multi-DCI based MTRP with two TA enhancement, the indication of TAG ID should be as part of TA command in RAR. i.e. Alt 1 is supported.

	
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




Based on the current version of the working assumption, it seems no needed to limited that a PDCCH order sent by TRPx trigger RACH procedure towards TRPX . A PDCCH order sent by TRPx trigger RACH procedure towards TRPX seems a legacy behavior. And a PDCCH order sent by TRPx trigger RACH procedure towards TRPY is the typical use case for UE to get a second TA for uplink transmission. 

Proposal 4: 
Confirm the working assumption below
· 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. 

For the PRACH power control, UE can measure the pathloss through the SSB measurements from the 2nd TRP. And the target received power is already configured to the UE. There is no issue for UE calculate the PRACH transmission power. 

Proposal 5:
The PRACH power control to the 2nd TRP can follow the legacy behaviour. 

A similar issue is mentioned for the inter-cell multi-TRP case. 
	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.




Since without the transmit power of the SSB, UE cannot calculate the pathloss based on the RSRP or the received power of SSB. Since the transmit power of SSB is also indicated with the parameters of additional PCI. Then the calculation of the pathloss is not a problem. But the target received power should also be informed to UE. It should be further discussed whether the target received power of the second TRP should be included in the related RRC configurations.

Proposal 6:
It should be further discussed whether the target received power of PRACH for the second TRP should be included in the additional PCI related RRC configurations.
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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.




For inter-cell MTRP, the index of the addition PCI could be used to indicate in PDCCH order. For the inactive additional PCI, our thinking is that the TRP with additional PCI should be first activated and then to send the PDCCH order. Without downlink synchronization to the second TRP, UE cannot even know at what timing to send the PRACH. So it is preferred to activate the TRP first and then send the PDCCH order.

Proposal 7:
The index of addtionalPCI can be used as a identifier in the PDCCH order.

Proposal 8:
It should not be supported for the PDCCH ordered PRACH to the inactive additionalPCI. 
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The association between TAG and UL transmissions
In the RAN1#112 meeting, it has been concluded that the TAG is association with the UL/joint TCI state if the unified TCI state is supported. But it is still under discussion about how to handle it under the Rel-15/16 spatial relation framework. 

	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 unified TCI part, there are still two brackets in the agreements. One is for the activated UL/joint TCI. Since if the TAG is associated to the TCI state, it should be configured in the RRC. And whether this TCI state is activated or not is not important, since if the TAG would be used for the transmission, the TCI state would be activated. And the second bracket is around the UL signals/channels. Since the TAG is also applied to the joint TCI state which is used for both uplink and downlink transmission. Then with the emphasis of the uplink transmission makes it more precise. 

[bookmark: _Hlk131776580]Proposal 9:
For the bracketed part of the agreement, remove the activated in the bracket and removed the bracket around the UL signals/channels. 

For the association when the Rel-15/16 spatial relation framework is used, PUCCH, DG/CG PUSCH and SRS are still under discussion. For PUCCH, the PUCCH spatial relation information can be configured under spatial relation framework. The TAG can be associated with the PUCCH spatial relation information. For the AP/SP/P SRS, the TAG can associate with the SRS resource set. And for the uplink transmission including both DG and CG PUSCH, the association between SRS resource set and TAG can be reused. Since for any DG and CG PUSCH transmission, an SRS would be indicated for the PUSCH transmission. 

[bookmark: _Hlk131776586]Proposal 10:
· For PUCCH transmission, the TAG can be associated with PUSCH spatial relation configuration.
· For AP/SP/P SRS, the TAG can be associated with the SRS resource set configuration.
· For CG and DG PUSCH, the association of SRS resource set and TAG can be reused for PUSCH.

Reference timing
In Rel-17 mTRP discussion, it was considered that the uplink transmission could work properly with one single TA under two TRPs. But if the timing between the two TRPs are not aligned and the difference between the propagation delay of two TRPs cannot be ignored or covered by CP, then two TAs are needed. Considering above reasons, the DL timings of two TRPs should also different. As illustrated in the figure below, due to different propagation delays, TRP1 and TRP2 have their own reference timings and TA values. 
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Figure 1 Reference timing and TAs in mTRP scenario
Two reference timing was agreed in the last meeting. 

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




In the DL transmission, the UE should follow the DL timing for receiving and measurements. And the uplink transmission should also follow the same timing and calculate the timing advance. Theoretically the TA value should equal to two folds of the propagation delay. In single TRP scenario, the TA is based on the single TRP’s reference timing. And if the propagation delay of the 2nd TRP is different, as discussed above, the reference timing and the 2nd TA from the 2nd TRP should be also different. If the UE has the capability to maintain two reference timings, it could facilitate to reuse the legacy defined TA, such as the 2nd TA in Figure 1, which should be indicated by the TRP2. But in the M-DCI mTRP scenario, the scheduling of one UE from two TRPs are independent. The scheduling timeline could cross between the two TRPs. As in Figure 2, the UE would receive the 2nd DCI from TRP#2, in which the reference timing should follows the DL of TRP#2. Then the UE should transmit the PUSCH#1 according to the scheduling from TRP1. If the UE cannot switch the reference timing from TRP#2 to TRP#1 in time, the UE cannot reuse the traditional TA as illustrated in Figure 1. 
[image: ]
Figure 2 The crossed scheduling timeline between two TRPs

[bookmark: _Hlk115362453]Proposal 11:
It should discuss the impact of the two reference timings to the uplink transmission.

Collision and overlapping issues
In Rel-17, the multiple DCI under mTRP was assumed with non-ideal backhaul connections. And the collisions between two PUSCHs scheduled by two DCIs are not allowed. It means that although the coordination between the TRPs is slow due to non-ideal backhaul, it still needs coordination between the two TRPs because UEs are not expected to be scheduled with the overlapped time domain resources. This put additional requirements or the more limitations to the gNBs’ scheduling.

When only one TA is used for the two TRPs transmission, gNBs should try to schedule the UE with different time domain resources. But if two TAs are considered, the overlapping due to different TAs should be taken into account. Currently in the specification, when two slots are overlapped due to different TAs in the CA scenarios, the first slot will be transmitted complete. UE will drop the overlapped part of the 2nd slot. Only the non-overlapped part will be transmitted. Since the two uplink transmission is scheduled by one MAC entity, gNB have the knowledge that which part of the transmission is dropped. But this is different from the two TA case in multiple DCI in mTRP. Due to the non-ideal backhaul, the uplink transmission to the two TRP are scheduled back-to-back. It is still difficult to have the knowledge whether there is a scheduling from the other TRP.

In RAN1#110bis meeting, one conclusion is achieved to illustrate the back-to-back scheduling issue. And the in the last meeting, three alternatives was proposed for down-selection at this meeting. 
	Conclusion (#110bis)
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

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.




According to the conclusion above, the situation for two TA under mTRP is not better than that of the Rel-17 mTRP. Alternative 1 introduces a time gap between two UL transmission, which may occupy the symbols within the scheduled slot for the UL transmission. This is similar to the Alternative 3. If the gNB is able to determine which symbol within the scheduled slot should be vacant as the gap, then it is the same situation for gNB to determine which symbol should not be used for the transmission as scheduling restriction. And since in Rel-17, the UE does not expect to be scheduled in the same slot or overlapped transmission, which is also applied to the two TA transmissions, the overlapped transmission only happens between the slot n and slot n+1. Then, only the front part or the symbols at the end of the slot can be overlapped. To avoid such an collision situation, it can be realized through the change the staring symbol or the scheduled symbols length via implementation. Then there is no need to introduce a time gap between two UL transmissions.

For alternative 2, the situation is a bit different from that of CA. Since the dropping only happens at the UE side, gNB or the two TRP have no idea which part of the UL transmission is dropped. But the gNB can still schedule re-transmission of UL. Although this is not best situation as we expected, the Alt 2 and Alt 3 can solve the collision issue under the premise of RAN1#110’s conclusion. 

Proposal 12:
Both Alt 2 and Alt 3 can be used to solve the transmission collision between two TA. 
· Alt 2: Reduce the overlapping duration of one of the two UL transmissions.
· Alt 3: Scheduling restriction is applied so that the UE does not expect the two UL transmissions overlapping happens.

The issue is still controversial in the last meeting. Two proposals were raised and additional questions were raised to further clarify the issues and companies questions. 
	
Proposal 5.1 
For multi-DCI based Multi-TRP operation with two TA enhancement, for the case when the UE does not support UL STxMP transmission, the overlapping duration of one of the two UL transmissions is reduced. 
FFS: The overlapping duration of which one of the two UL transmissions is reduced

Proposal 5Alt 
For multi-DCI based Multi-TRP operation with two TA enhancement, for the case when the UE does not support UL STxMP transmission, there is no consensus to introduce a time gap X between two UL transmissions associated with two different Tas nor to reduce the overlapping duration of one of the two UL transmissions. Hence, scheduling restriction is applied by gNB implementation such that the UE does not expect the two UL transmissions to overlap.


Question 5.1:  Is the overlapping duration defined in symbol level or sub-symbol level?
Question 5.2:  There were comments by one or two companies, that symbol level dropping has worst performance than Alt 3.  Do you agree with this statement?
Question 5.3:  If the overlapping duration defined in sub-symbol level, there was a comment that this may result in dropping part of DMRS symbol and result in worst performance than Alt 3.  Do you agree with this statement?
Question 5.4:  There was a comment by one company online that Alt 3 does not need any spec impact.  Others commented that spec should clarify that ‘the UE does not support ….’ in order to avoid ambiguities.   Please share your view on whether Alt3 involves spec impact or not (please provide reasoning).




The overlapped duration, if supported, should be defined in symbol level. gNB cannot operate in a sub-symbol level to avoid the overlapping, if the transmission of TA is confirmed. From our understanding, one to two symbols can cover the overlapped time of two transmissions with different TAs. Then it seems that the DMRS symbols will not be touched and the performance of PUSCHs can be guaranteed. For the Question 5.1 to 5.3, our observations is as follows. 

Observation 2:
· The overlapped duration could be in sub-symbol level. But if the overlapped duration is supported and defined, it should be in symbol level to facilitate the operation of gNB. 
· It seems that one to two symbols reserved for overlapped duration of two TA will not impact the DMRS symbol of PUSCH transmission. 

For the Question 5.4, as we discussed above, Alt 3 which is a restriction of gNB scheduling have no specification impact. The same description in the specification for the non-overlapped PUSCH transmission from different TRPs can be the starting point for the description of the overlapping issue due to two TAs. 

Proposal 13:
If the Alt 3 is adopted, the same description for the non-overlapped PUSCH transmissions from different TRPs can be the starting point for the overlapping issue of two TAs.


Conclusions
In this contribution, we discussed the related issues about two TAs for UL multi-DCI for multi-TRP operation. The observation and proposals are listed as below.

Observation 1:
UEs could measure the DL timing difference between two TRPs which could be used to generate a estimated TA for the uplink transmission to the 2nd TRP. And the 2nd TRP could update the TA after receiving first transmission from this UE. 

Observation 2:
· The overlapped duration could be in sub-symbol level. But if the overlapped duration is supported and defined, it should be in symbol level to facilitate the operation of gNB. 
· It seems that one to two symbols reserved for overlapped duration of two TA will not impact the DMRS symbol of PUSCH transmission. 

Proposal 1:
It should be clarified that if the two TAs put additional requirements on the UE realization, such as clock retuning, process time of switching between the two TAs, whether there are additional requirements for UE to maintain two TAs. 

Proposal 2:
It should be discussed that when and in which condition, the PDCCH ordered RACH for the 2nd TA should be triggered. 

Proposal 3:
For intra-cell multi-DCI based MTRP with two TA enhancement, the indication of TAG ID should be as part of TA command in RAR. i.e. Alt 1 is supported.

Proposal 4: 
Confirm the working assumption below
· 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. 

Proposal 5:
The PRACH power control to the 2nd TRP can follow the legacy behaviour. 

Proposal 6:
It should be further discussed whether the target received power of PRACH for the second TRP should be included in the additional PCI related RRC configurations.

Proposal 7:
The index of addtionalPCI can be used as a identifier in the PDCCH order.

Proposal 8:
It should not be supported for the PDCCH ordered PRACH to the inactive additionalPCI. 

Proposal 9:
For the bracketed part of the agreement, remove the activated in the bracket and removed the bracket around the UL signals/channels. 

Proposal 10:
· For PUCCH transmission, the TAG can be associated with PUSCH spatial relation configuration.
· For AP/SP/P SRS, the TAG can be associated with the SRS resource set configuration.
· For CG and DG PUSCH, the association of SRS resource set and TAG can be reused for PUSCH.

Proposal 11:
It should discuss the impact of the two reference timings to the uplink transmission.

Proposal 12:
Both Alt 2 and Alt 3 can be used to solve the transmission collision between two TA. 
· Alt 2: Reduce the overlapping duration of one of the two UL transmissions.
· Alt 3: Scheduling restriction is applied so that the UE does not expect the two UL transmissions overlapping happens.

Proposal 13:
If the Alt 3 is adopted, the same description for the non-overlapped PUSCH transmissions from different TRPs can be the starting point for the overlapping issue of two TAs.
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