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1 Introduction
In this contribution, we discuss the open issues related to supporting two timing advance (TA) values for UL multi-DCI for multi-TRP operation.   
2. Maintenance of Uplink Timing Advance Values
In RAN1 112 meeting, the following was agreed for or Rel-17 unified TCI framework to associate an UL/Joint TCI-state of an uplink transmission with a TAG ID [1]: 
	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 Rel-15/16 TCI frame, spatial relation information is configured for AP/SP/P SRS resource and PUCCH on FR2 only. For PUSCH, SRS resource indictor is provided either through scheduling/activation DCI or RRC configuration to link with the most recent SRS transmission. 
Following the same design of TAG association agreed for Rel-17 TCI framework, it seems nature for Rel-15/16 spatial relation framework to configure a TAG ID for each UL spatial relation. However, as already pointed out in the past meetings, the spatial relation information is not applicable for FR1. Therefore, other solution is clearly required for FR1 to associate TAG with a UL transmission, which results in additional implementation complexity and unnecessary test efforts. 
In the earlier releases including Rel-15/16/17, a single TAG management scheme is specified for NR system and used for both FR1 and FR2. This is clearly advantageous, and it should be targeted to maintain a single solution for TA handling at least for Rel-15/Rel-16 spatial relation framework. Since we are targeting for a single scheme, we should avoid based on parameters that are only available for FR2.  
For Rel-16 mDCI mTRP, ‘CORESETPoolIndex’ value serves as a virtual TRP-ID for PDCCH/PDSCH scheduling, one TRP is associated with CORESETPoolIndex =0 and the other is associated with CORESETPoolIndex = 1. The ‘CORESETPoolIndex’ is appliable for mDCI mTRP scenarios on both FR1 and FR2. One simple solution is to associate TAG to each ‘CORESETPoolIndex’ value and a UE can determine the TAG for a UL transmission as follows:
· For DG-PUSCH, Type-2 PUSCH and PUCCH carrying HARQ-ACK information, a DCI is involved for the transmission and can be used to dynamically select a TRP by NW by properly select the CORESET for DCI transmission. Based on the ‘CORESETpoolindex’ of the CORESET where DCI is detected, a UE can determine the TAG value for UL transmission. It should be noted that this allows NW to dynamically select a TRP for a given UL transmission, which is aligned with the beam selection design agreed in other agenda. 
· For other remaining UL channels (including PUCCH without HARQ-ACK and AP/SP/P SRS), our view is to provide ‘CORESETPoolIndex’ value by RRC configuration. A UE can determine the TA value based on the association between ‘CORESETPoolIndex’ value and TAG ID. 

Proposal 1: For Rel-15/16 spatial relation framework, associate TAG to CORESETPoolIndex value. 
· For dynamically scheduled/activated PUSCH and PUCCH carrying HARQ-ACK, TAG associated with the CORESET pool index of the CORESET carrying the scheduling/activating PDCCH is utilized for UL transmission. 
· For Type 1 CG, SRS and PUCCH without HARQ-ACK, a coresetPoolIndex is RRC-configured for each UL resource.


One more FFS aspect for TAG association is how to handle the bracket for the definition of the following baseline restriction [1]:

	Agreement
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, support the following:
Associate TAG to TCI-state
· ……
· 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




We support to delete the [Activated] since some channel/signal maybe configured to not follow ‘indicated TCI state’ (e.g., SRS transmission). These TCI-states should also be covered by this baseline sub-bullet. In the RAN1 112bis-e meeting, there were extensive discussions on how to specify the baseline TAG association restriction for the UL transmission (e.g., SRS) that does not follow unified TCI framework. In this case, the TCI-state is provided by RRC signalling for the UL channel. To implement this baseline restriction, the simplest way is to define a one-to-one mapping between one of two indicated TCI states and a value of ‘CoresetPoolIndex’ parameter. Then, once TCI-state is configured for a UL transmission through RRC signalling, a UE expects that a TAG associated with the corresponding ‘CoresetPoolIndex’ is consistently provided.          

In addition, our view is that the the bracket for [of UL signals/Channels] should be removed as well. Eventually, what matters is the TAGs that are associated with UL signal/channels. For a TCI-state that is not used for any UL signal/channels, it is also irrelevant for TAG restriction. Nevertheless, we even doubt whether NW would configure in this way i.e., TCI state is not associated with any UL transmission. 

Proposal 2: For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, the baseline feature is revised as follows:
· UE expects that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESET Pool Index correspond to one TAG 
· Association of TAG ID with UL/joint TCI state is via RRC configuration.
· A UE expects the first indicated TCI state that is associated with coresetPoolIndex value 0 (as defined in 9.1.1.1) to be configured with the first TAG. Similarly, UE expects the second indicated TCI state that is associated with coresetPoolIndex value 1 (as defined in 9.1.1.1) to be configured with the second TAG. 
3. Handling Overlapped Uplink Transmissions 
With two TAs, one issue identified in RAN1 110 meeting is that two UL transmissions on a same CC towards two TRPs maybe overlapped in time. A variety of potential solutions were identified in RAN1 110 meeting to address this problem as follows [2]: 

	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)


It should be obvious that this is not a problem for UE supports STxMP transmission. For mTRP use case with ideal backhaul, it is feasible to assume that the overlapping transmissions can be avoided by proper network implementation as the two TAs are known at gNB side. However, it is quite challenging for non-ideal backhaul case where timely coordination is not possible. 
In RAN1 110bis meeting, the following was concluded for this issue [3]: 
	Conclusion
For multi-DCI based Multi-TRP operation with two TA enhancement, it cannot always be assumed that both TRPs have knowledge of the overlapping region between transmissions corresponding to the two TAs.
· Note: This doesn’t prevent the network from applying scheduling restrictions even if the TRPs have no knowledge of the overlapping region



In [4], RAN4 provides response on the maximum uplink timing difference as follows: 
	For a UE capable of supporting Receive Time Difference (RTD) > CP, MRTD/MTTD value for FR1 is 33/34.6 µs and MRTD/MTTD value for FR2 is 8/8.5 µs.
For a UE not capable of supporting RTD>CP, MTTD is within (CP + M1 µs) for FR1 and MTTD is within (CP + M2 µs) for FR2. Where M1 and M2 are FFS in RAN4. 



Observation 1: 
· For UE support RTD> CP, the maximum MTTD is 34.6 us for FR1 and 8.5us for FR2 respectively. 

In RAN1 112 meeting, the following was agreed for handling overlapping UL transmission with different TAs for mTRP use case [1]: 
	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 down selected alternative(s) in the specifications in case specification impact is deemed needed.



In practise, to operate a UE that is NOT capable of STxMP transmission with two TAs and mDCI mTRP scheme, some degree of tight coordination on time domain resources between two TRPs is required to avoid frequently dropping the UL transmission in an unpredictable manner and ensure the decoding performance. 
With this assumption, although we cannot assume an exact knowledge of the overlapping region over time as previously agreed, it is still feasible to leave it for gNB implementation/coordination to avoid the overlapping e.g., by reserving a conservative gap at the end of the earlier slot of the overlapping slots as Alt.3. Our understanding is that the Alt.1 is a specific implementation of Alt.3. The value X may depend on the deployment scenario and the MTTD capability, from NW flexibility perspective, Alt.3 is clearly beneficial than Alt.1. 
Although introducing a dropping rule is a candidate solution (i.e., Alt.2), it requires huge standard efforts to discuss the timeline for dropping deprioritized channels (e.g., UCI multiplexing and how to define the leading time of DCI that schedules the latter transmission relative to the DCI that schedules the earlier transmission) 
For Alt.3, to assist network in the determination of overlapping part, some UE-assist information report can be considered e.g., the UL transmission timing difference between two TRPs can be reported to gNB to facilitate the setting of scheduling restriction on overlapping part. 

Proposal 3: 
· Prefer to define scheduling restriction in overlapping part (Alt.3). 
· Consider introducing UE-assist information to report the timing difference between two TAGs for overlapping part determination. 

4.  Intra-Cell mDCI-based mTRP 
In RAN1 112bis-e meeting, how to identify the TA/TAG for intra-cell multi-DCI case was further discussed and the following was agreed for down-selection [5]: 
	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.


The current PDCCH order DCI consists of a couple of information fields for CFRA procedure including SSB index, RA preamble index and PRACH mask index etc. For intra-cell mTRP, upon receiving the PDCCH order, UE can transmit the preamble in a UL beam direction derived based on the associated SSB. In our view, the association between SSB and TRPs can be transparent to UE. The TAG ID for TA indicated by a RAR can be explicitly indicated in the RAR payload by repurposing the reserved bit (i.e., Alt.1). Given the simplicity and good extensivity to be used in other cases, e.g., inter-cell mTRP, we have preference for this alternative.  
Proposal 4: 
· Support to included TAG ID as part of TA command in RAR to enable two TAs in intra-cell mTRP use case. 

5. On Inter-Cell mDCI-based mTRP 
In RAN1 112bis-e meeting, the following was agreed for TAG-ID indication when PDCCH-order CFRA procedure is triggered for inter-cell mDCI mTRP [5]: 
	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.



The first FFS aspect of PDCCH order CFRA is how to indicate the target TRP to determine the corresponding PRACH resource associated with the SSB index indicated by the PDCCH order. In Rel-17 ICBM framework, each candidate cell is assigned with a dedicated additional PCI index. It is quite straightforward to include the ‘additional PCI Index’ in the PDCCH order to inform UE which candidate cell the CFRA is triggered for.

In Rel-17 ICBM framework, up to seven additional PCIs can be configured for L1-RSRP measurement report. However, only one can be selected for TCI-states activation for PDSCH scheduling, a tradeoff between throughput benefit and UE complexity. Given this limitation, it is our understanding that NW typically select a ‘best’ additional PCI for TCI-state activation and that cell is typically the best for UL transmission. Therefore, the use case of CFRA towards an inactive additional PCI should be carefully evaluated and justified by a clear use case.   

Proposal 5:
· Support to explicitly indicate the ‘additional PCI index’ in the PDCCH order to identify the target cell. 


6. PRACH power control and spatial filter determination 
In RAN1 112bis-e meeting, the following was agreed to study how to determine the transmission power for a CFRA PRACH that is triggered towards another TRP. 

	Agreement
For multi-DCI based inter-cell multi-TRP and intra-cell multi-TRP operation with two TAGs configured in a CC, for a CFRA based PDCCH order from one TRP triggering PRACH towards another TRP, study whether and, if needed, how to determine the transmit power of the triggered PRACH preamble



In the previous releases, for CFRA preamble transmission, UE computes the pathloss based on the SSB indicated by the PDCCH order or a CSI-RS that is associated with the selected preamble. This rule can be reused for intra-cell and inter-cell cross-TRP CFRA preamble. 
· For intra-cell case, NW can properly select a SSB and PRACH resource associated with the 2nd TRP and indicate these in PDCCH-order DCI payload. The association between SSB/PRACH resources and a respective TRP is up to NW implementation and transparent to UE. The SSB indicated by the PDCCH order is used for PRACH resource selection and pathloss calculation. 
· The procedure used for intra-cell case is workable for inter-cell as well in our opinion. 

Proposal 6:
· For a CFRA procedure in both intra-cell and inter-cell mTRP use case, the SSB indicated in a PDCCH order is used as pathloss RS to determine the transmission power of CFRA preamble. 


Another open issue related to CFRA procedure is whether and if needed how to determine QCL of PDCCH order, PDCCH RAR and PDSCH RAR. In RAN1 112 meeting, the following was agreed for RAR PDSCH transmission, which implies the RAR PDSCH is transmitted from serving cell only: 
	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.



So far, the following QCL relations are specified for PDCCH-order CFRA procedure: 
· Rule #1: The RAR PDCCH and the PDCCH order triggering CFRA have a same DM-RS antenna port QCL properties.  
· Rule #2: The RAR PDSCH has a same QCL properties as the SSB or CSI-RS that UE used for PRACH association. 

The rule#1 can be reused for CFRA for intra-cell mTRP use case, where the RAR PDCCH and PDCCH order have a same QCL relation. For inter-cell, if the PDCCH-order DCI is transmitted from serving cell, the rule #1 can be reused. However, for inter-cell case where PDCCH order is transmitted from non-serving cell TRP, the RAR PDCCH from Type-1 CSS is transmitted form serving cell per the previous agreement. 

For Rule #2, our understanding is that it can be kept for intra-cell case. For inter-cell CFRA where the triggered CFRA PRACH is associated with SSB from the non-serving cell, the rule needs to be modified such that the RAR PDSCH is received from serving cell. 

We therefore made the following proposal: 

Proposal 7:
· When cross-TRP CFRA preamble is triggered by a PDCCH order from a non-serving cell with an additional PCI, the RAR PDCCH has a same QCL property as the SSB indicated in PDCCH order. 
· When cross-TRP CFRA preamble is triggered by a PDCCH order from serving cell, the RAR PDSCH has a same QCL property as the PDCCH order. 
· For other cases, the legacy QCL rule is reused. 
7. On RAN2 LS for mDCI mTRP
One LS was received from RAN2 with the following questions: 
	There is general understanding in RAN2 that, in the functionality RAN1 is designing, two time-alignment timers are used for one serving cell. One timer is associated to UL towards one TRP and the other timer is associated to UL towards the other TRP. 
Question 1 on TAG grouping
RAN2 discussed how the cells/TRPs configured for the UE, are to be grouped if UE is configured with two TA groups per serving cell. Currently, NR does not impose any requirements in configuring the association of serving cells and TAGs. 
Q1a:   For the 2TA operation, are there any restrictions on the association of serving cells and/or TRPs to the TAGs?  
Q1b: NR currently supports up to 4 TAGs per cell group. Are the 4 TAGs enough or does RAN1 see a need to increase the number of TAGs per cell group?
Question 2 on operation
Q2: When the time-alignment timer associated with one of the TRPs of a serving cell expires, are certain UL or DL operation only impacted towards that TRP while they are not impacted towards the another TRP? If so, which UL or DL operation?



On Q1a about TAG association with serving cells and/or TRPs, the following was agreed in the past meetings [1][7]: 
	Agreement
For multi-DCI based multi-TRP operation with two TAs, support configuring two TAGs belonging to a serving cell.

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



For a serving cell, the TRP is transparent in specification. Instead, the TAGs are associated with UL/Joint TCI-states by RRC signaling for the Rel-17 unified TCI framework. It is still open regarding the TAG association for Rel-15/16 spatial relation framework. 

On the Q1b, we believe the Rel-15 UE capability can be reused by limiting from 2 up to 4 TAGs to be reported through UE capability. In addition, the value range can be extended to support larger values for mDCI mTRP operation with two TAs, e.g., 6 or 8 TAGs. 

Proposal 8:
· For 2 TAs in mDCI mTRP, a UE capability can be introduced to indicate the supported TAGs with candidate values of {2,4,6,8} 

On the Q2, the TAT timer is used for CBRA operation. In RAN1 111 meeting, the following was agreed to leave the CBRA related enhancement for mTRP to RAN2 [7]: 

	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.
Agreement: Send LS to RAN2 regarding the above conclusion. Final LS in R1-2213004.



Considering the task split in the past releases, the UE behavior associated with TAT timer expiry is typically handled by RAN2 and specified in the MAC specification. Our preference is to follow this basic rule of task split and it is left up to RAN2 to define the corresponding behavior if they want to support CBRA to enable 2 TAs for mDCI mTRP. 

Proposal 9:
· It is up to RAN2 regarding the UE behavior when the time-alignment timer associated with one of the TRPs of a serving cell expires. 

Based on the discussions above, we provide our views in [8] to reply RAN2. 
8. Conclusion 
In this contribution, we have presented our views on two TAs for mDCI-based mTRP. Based on the discussions in the previous sections, we observe and propose the following: 

Proposal 1: For Rel-15/16 spatial relation framework, associate TAG to CORESETPoolIndex value. 
· For dynamically scheduled/activated PUSCH and PUCCH carrying HARQ-ACK, TAG associated with the CORESET pool index of the CORESET carrying the scheduling/activating PDCCH is utilized for UL transmission. 
· For Type 1 CG, SRS and PUCCH without HARQ-ACK, a coresetPoolIndex is RRC-configured for each UL resource.
Proposal 2: For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, the baseline feature is revised as follows:
· UE expects that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESET Pool Index correspond to one TAG 
· Association of TAG ID with UL/joint TCI state is via RRC configuration.
· A UE expects the first indicated TCI state that is associated with coresetPoolIndex value 0 (as defined in 9.1.1.1) to be configured with the first TAG. Similarly, UE expects the second indicated TCI state that is associated with coresetPoolIndex value 1 (as defined in 9.1.1.1) to be configured with the second TAG. 
Observation 1: 
· For UE support RTD> CP, the maximum MTTD is 34.6 us for FR1 and 8.5us for FR2 respectively. 
Proposal 3: 
· Prefer to define scheduling restriction in overlapping part (Alt.3). 
· Consider introducing UE-assist information to report the timing difference between two TAGs for overlapping part determination. 
Proposal 4: 
· Support to included TAG ID as part of TA command in RAR to enable two TAs in intra-cell mTRP use case.
Proposal 5:
· Support to explicitly indicate the ‘additional PCI index’ in the PDCCH order to identify the target cell. 
Proposal 6:
· For a CFRA procedure in both intra-cell and inter-cell mTRP use case, the SSB indicated in a PDCCH order is used as pathloss RS to determine the transmission power of CFRA preamble. 

Proposal 7:
· When cross-TRP CFRA preamble is triggered by a PDCCH order from a non-serving cell with an additional PCI, the RAR PDCCH has a same QCL property as the SSB indicated in PDCCH order. 
· When cross-TRP CFRA preamble is triggered by a PDCCH order from serving cell, the RAR PDSCH has a same QCL property as the PDCCH order. 
· For other cases, the legacy QCL rule is reused. 

Proposal 8:
· For 2 TAs in mDCI mTRP, a UE capability can be introduced to indicate the supported TAGs with candidate values of {2,4,6,8} 

Proposal 9:
· It is up to RAN2 regarding the UE behavior when the time-alignment timer associated with one of the TRPs of a serving cell expires. 
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