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1 Introduction
In the RAN1 110bis meeting, the following was agreed to support two TAs for mDCI uplink transmissions [1]: 
	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

Agreement
Multi-DCI multi-TRP operation with two TAs is supported for Rel-15/16/17 TCI frameworks and unified TCI framework extension discussed in 9.1.1.1 as well as UL beam indication via spatial relation.

Agreement
For inter-cell multi-DCI based multi-TRP operation with two TA enhancement, support one of the alternatives (down selection to be done in RAN1#111):
· Alt 1: PDCCH scheduling RAR will always be received from serving cell  there is no need for additional type 1 CSS configuration per additional PCI
· Alt 2: In addition to PDCCH scheduling RAR being received from serving cell, reception of PDCCH scheduling RAR from a TRP corresponding to an additional PCI for a RACH procedure associated to the additional PCI is supported  additional type 1 CSS configuration per additional PCI needs to be supported

Agreement
For multi-DCI based inter-cell Multi-TRP operation with two TA enhancement, support PRACH configuration associated with additional configured PCIs different from the PCI of the serving cell.
· FFS: details 

Agreement
For multi-DCI based inter-cell Multi-TRP operation with two TA enhancement, support a mechanism to determine which PRACH configuration (i.e., RACH configuration corresponding to serving cell PCI or an additional PCI) to be used in the RACH procedure triggered by PDCCH order
· FFS:  Explicit indication or implicit indication through PDCCH order 

Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, support one of the following alternatives in RAN1#111:
· Alt 1: PDCCH order sent by one TRP triggers RACH procedure towards the same TRP
· note: with Alt 1, PDCCH order sent by one TRP triggering RACH procedure towards another TRP is not allowed
· Alt 2: PDCCH order sent by one TRP triggers RACH procedure towards either the same TRP or a different TRP
· This does not preclude PDCCH order triggering two RACH procedures for two TRPs

Agreement
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, the four options agreed in RAN1#110bis-e are refined as below (down-selection of one or a combination of the options to be performed in RAN1#111):
· Option 1: Associate TAG to TCI-state/spatial relation
· Configure TAG ID as part of UL/joint TCI state or spatial relation
· for UL transmission, the TAG ID associated with the UL/joint TCI state or spatial relation is utilized
· Option 2: Associate TAG to CORESETPoolIndex
· for dynamically scheduled/activated PUSCH, TAG associated with the CORESET pool index of the CORESET carrying the scheduling/activating PDCCH is utilized for UL transmission
· for Type 1 CG, P/SP-SRS, and P/SP-PUCCH, coresetPoolIndex is RRC-configured.
· FFS:   Other signals/channels:  AP-SRS, and dynamic HARQ-ACK
 
· Option 3: Associate TAG to SSB group (if such an association is agreed in agenda 9.1.1.2). For a UL transmission, UE adopts the TAG associated with the SSB group such that
· if the PL RS is an SSB, then the UE adopts the TAG associated with the SSB group which the PL RS of the UL transmission belongs to
· if the PL RS is a CSI-RS, then the UE adopts the TAG associated with the SSB group which the QCL source SSB of the PL RS belongs to 
· Option 4:  TAG association performed as follows:
· for dynamically scheduled/activated channels/signals, TAG associated with the CORESET pool index of the CORESET carrying the scheduling PDCCH is utilized for UL transmission
· for P/SP UL channels / signals (not scheduled or activated by DCI), TAG ID is RRC-configured.
 
Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, support enhancements related to indicating TAG ID via absolute TA command:
· FFS: whether the indication is implicit or explicit
· Detailed indication schemes are FFS
· This does not preclude indication of two TAG IDs (if supported)
· Note: This applies at least to MSGB in case of C-RNTI
 
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
 
Agreement
For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, support at least one of the following alternatives (down selection to be done in RAN1#111):
· 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 4:  divide RACH resources into two groups, where for a RACH procedure, if the corresponding RACH resource belongs to the nth group (n=1,2), then the TA obtained via the RACH procedure corresponds to the nth TRP.
· Alt 5:  divide preambles into two groups, where for a RACH procedure, if the corresponding preamble belongs to the nth group (n=1,2), then the TA obtained via the RACH procedure corresponds to the nth TRP
· Alt 6:   TAG ID is associated with CORESETPoolIndex and TAG ID is determined based on the CORESETPoolIndex of PDCCH order
· Alt 7:  Each TCI state is associated with a TAG ID, and the TAG ID corresponding to RACH triggered by a PDCCH order is determined based on the TCI state used to receive the PDCCH order
Note: If Alt 1 or Alt 2 is downselected, then it does not preclude indication of two TAG IDs (if supported)



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. Discussions
For a mTPR deployment scenario, due to the differences in distance to different TRP and the corresponding differences in the propagation time (which may far exceed the length of the CP), different timing advance (TA) values towards different TRPs are essential such that the UL reception timing from different UEs are approximately aligned at each TRP to preserve the orthogonality between subcarriers. In Rel-17, a single TA value is maintained per CC and used for uplink transmissions (e.g., PUCCH/PUSCH/SRS) for different TRPs. It causes a certain restriction on mTRP operation to ensure the difference of UL TAs across multi-panels is smaller than CP length, which needs to be considered by the gNB scheduler. Supporting of two TAs in Rel-18 targets to remove this restriction to enable efficient simultaneous multi-panel UL transmission and allows a full flexibility for deploying mTRP operation. 
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Figure 1: Procedure for UL Timing Advance Acquisition and Maintenance 

As in LTE, two procedures were involved for timing advance setting and update as depicted in FIG.1 above:  
· Initial Timing Advance Value acquisition procedure. 
· The initial TA value is set by means of the Random Access procedure. The gNB sets the initial TA value using RAR message based on estimating PRACH transmitted by UE.    
· Maintenance of Uplink Time Alignment procedure. 
· After the initial TA value is set for UE, a Timing Advance Command MAC CE is used to update the TA values on a per TAG basis based on the uplink measurement of gNB to account for the UL arrival time changes e.g., caused by UE mobility etc. 
· Up to 4 TAGs are supported per UE and the addressed TAG is identified by 2-bits TAG ID in TAC MAC CE.  
In our view, the existing timing advance relevant procedures should be reused for Rel-18 mDCI mTRP scenario to enable a separate TA for different TRP. 

2.1 Initial Timing Advance Acquisition
In RAN1 110bis meeting, the following was agreed for initial TA acquisition toward the 2nd TRP: 
	Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, support one of the following alternatives in RAN1#111:
· Alt 1: PDCCH order sent by one TRP triggers RACH procedure towards the same TRP
· note: with Alt 1, PDCCH order sent by one TRP triggering RACH procedure towards another TRP is not allowed
· Alt 2: PDCCH order sent by one TRP triggers RACH procedure towards either the same TRP or a different TRP
· This does not preclude PDCCH order triggering two RACH procedures for two TRPs
Agreement
For multi-DCI based inter-cell Multi-TRP operation with two TA enhancement, support PRACH configuration associated with additional configured PCIs different from the PCI of the serving cell.
· FFS: details 

Agreement
For inter-cell multi-DCI based Multi-TRP operation with two TA enhancement, support one of the alternatives (down selection to be done in RAN1#111):
· Alt 1: PDCCH scheduling RAR will always be received from serving cell  there is no need for additional type 1 CSS configuration per additional PCI
· Alt 2: In addition to PDCCH scheduling RAR being received from serving cell, reception of PDCCH scheduling RAR from a TRP corresponding to an additional PCI for a RACH procedure associated to the additional PCI is supported  additional type 1 CSS configuration per additional PCI needs to be supported
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Figure 2: CFRA procedure for initial TA acquisition towards non-serving cell TRP

How to obtain the 2nd TA toward 2nd TRP for a UE is being discussed under both the MIMO enhancement WI and L1/L2-trigger Mobility (LTM) WI. The difference is whether cell switching occurs after the 2nd TA acquisition. In legacy, a PDCCH order triggers CFRA procedure, where the CFRA configuration is provided as part of serving cell configuration. In general, different CFRA configurations maybe used for difference cells or inter-cell TRPs. Consequently, reusing the existing PDCCH order to trigger CFRA towards other cell/TRP is not possible. 
To minimize the UL TA acquisition latency, the CFRA configurations of the 2nd TRP (e.g., the measured SSB and corresponding CFRA resource) should be pre-configured by RRC. It should be noted that the L1 measurement reports are transmitted to the serving cell only in NR design due to security consideration. Based on the reported L1 measurement, the serving cell TRP#1 can trigger PDCCH-order CFRA procedure by explicitly indicating the PCI of the target TRP#2 and the candidate SSB in the PDCCH order DCI. Note that, for mobility case, it was agreed that Rel-17 ICBM is not prerequisite for Rel-18 LTM procedure. Hence, it is not feasible that target TRP triggers PDCCH order for itself due to lack of DL sync when UL sync is triggered. 
[bookmark: _Ref110961392]Proposal  1
· Support PDCCH order sent by one TRP triggers RACH procedure towards either the same TRP or a different TRP
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Figure 3: RAR Transmissions for CFRA procedure
How to transmit the RAR was also discussed in the RAN1 110bis meeting but no conclusion was made. Two alternatives were brough up as depicted in FIG.3, where Alt.1 is to transmit RAR from serving cell TRP and Alt.2 is to transmit from the target cell TRP. In our opinion, the associated RAR should be transmitted by non-serving cell TRP (i.e., Alt.2), which is mainly motivated to mitigate the excessive delay caused by the non-idea backhaul between two TRPs in multi-DCI scenario. As depicted in Figure.3, with Alt.1, the RAR is generated at the target TRP and then forwarded to the serving cell TRP over Xn link, which creates additional latency in range of tens or hundreds million seconds. On the contrary, Alt.2 directly transmits RAR over the air to UE and can achieve the reduced latency target and meet the requirement of LTM. Note that, transmitting RAR from target cell is used in current L3-based handover procedure due to the same latency consideration. 
In addition, it is nature to provide the Type-1 CSS configuration of the 2nd together with CFRA configuration such that the PBCH and SIB1 acquisition of the 2nd TRP can be mitigated to further reduce the TA acquisition latency. 
[bookmark: _Ref110961306]Proposal  2
· For CFRA, support to provide the following CFRA configurations for the additional configured PCIs that are different from the PCI of the serving cell: 
· The associated PCI
· CFRA configuration 
· Type-1 CSS configuration. 
Proposal  3
· In addition to PDCCH scheduling RAR being received from serving cell, reception of PDCCH scheduling RAR from a TRP corresponding to an additional PCI for a RACH procedure associated to the additional PCI is supported. 


One more FFS aspect is whether any enhancement is needed to introduce explicit or implicit information about which RACH configuration (i.e., RACH configuration corresponding to serving cell PCI or an additional PCI) to use in the PDCCH order in case of inter-cell MTRP scenario. Two options exist, either using explicit field in PDCCH order to indicate the additional configured PCI to derive the associated PCI or implicit indication by linking to the CORESETPoolIndex of the PDCCH order. The latter option mandates network to transmit PDCCH order DCI from the target PCI, which is not feasible since the L1 measurement reports are transmitted and available at the serving cell. Forwarding the reports to target TRP causes significant latency in case of non-ideal backhaul. In addition, it cannot be used for LTM procedure and increases standardization/implementation/test efforts. We therefore prefer the first option i.e., indicating the additional PCI index in the PDCCH order to determine the corresponding PRACH configuration to be used in the triggered CFRA. In Rel-17 ICBM framework, up to seven non-serving cells can be configured for L1 measurement and 3-bit is therefore required to indicate the additional PCI index. There are approximately ten reserve bits in the current PDCCH order DCI format 1_0. Repurposing three bits is therefore feasible to achieve the design goal. 
Proposal 4: 
· Support to explicit indicate the additional PCI index in PDCCH order payload to determine the associated CFRA RACH configuration. 

In RAN1 110bis meeting, how to identify the TA/TAG for intra-cell multi-DCI case was discussed and a couple of alternatives were listed in the summary [3] for further study as follows: 
	Alt 1:  include 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 4:  divide RACH resources into two groups, where for a RACH procedure, if the corresponding RACH resource belongs to the nth group (n=1,2), then the TA obtained via the RACH procedure corresponds to the nth TRP.
Alt 5:  divide preambles into two groups, where for a RACH procedure, if the corresponding preamble belongs to the nth group (n=1,2), then the TA obtained via the RACH procedure corresponds to the nth TRP
Alt 6:   TAG ID is associated with CORESETPoolIndex and TAG ID is determined based on the CORESETPoolIndex of PDCCH order 
Alt 7:  Each TCI state is associated with a TAG ID, and the TAG ID corresponding to RACH triggered by a PDCCH order is determined based on the TCI state used to receive the PDCCH order


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 5: 
· Support to included TAG ID as part of TA command in RAR to enable two TAs in intra-cell mTRP use case. 
 
2.2 Maintenance of Uplink Timing Advance Values
Another FFS aspect identified in the RAN1 110 meeting is how to associate a TAG to an individual UL transmission towards one of two TRPs. Two alternatives were identified as follows: 
	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 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. As the TAG is operated on a per serving cell/per UL panel basis, instead of per beam level, it is straightforward to go with Opt.2 i.e., associating each TAG to a particular TRP by levering the value of ‘CORESETPoolIndex’ in Rel-16. Note that, it is allowed that multiple UL TCI-states associated with a non-serving cell are activated. Consequently, Opt.1 may require UE to maintain more than one TAGs for a non-serving cell. 
Proposal 6: 
· Adopt Opt.2 for TAG association with uplink transmissions, i.e., each TAG is associated with one of the CORESETPoolIndex values.    



2.3 Others 
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 [1]: 
	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



Although introducing a dropping rule is a candidate solution, it requires huge standard efforts to discuss the timeline for dropping deprioritized channels (e.g., UCI multiplexing). We therefore prefer to leave for gNB implementation to avoid the overlapping. 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 7: 
· Prefer to define scheduling restriction in overlapping part. 
· Consider introducing UE-assist information to report the timing difference between two TAGs for overlapping part determination. 

3. Conclusion 
In this contribution, we have presented our views on the support of two TA values for multi-DCI mTRP operation. Based on the discussions, the following was proposed: 
Proposal 1
· Support PDCCH order sent by one TRP triggers RACH procedure towards either the same TRP or a different TRP
Proposal 2
· For CFRA, support to provide the following CFRA configurations for the additional configured PCIs that are different from the PCI of the serving cell: 
· The associated PCI
· CFRA configuration 
· Type-1 CSS configuration. 
Proposal 3
· In addition to PDCCH scheduling RAR being received from serving cell, reception of PDCCH scheduling RAR from a TRP corresponding to an additional PCI for a RACH procedure associated to the additional PCI is supported. 
Proposal 4: 
· Support to explicit indicate the additional PCI index in PDCCH order payload to determine the associated CFRA RACH configuration. 
Proposal 5: 
· Support to included TAG ID as part of TA command in RAR to enable two TAs in intra-cell mTRP use case. 
Proposal 6: 
· Adopt Opt.2 for TAG association with uplink transmissions, i.e., each TAG is associated with one of the CORESETPoolIndex values.    

Proposal 7: 
· Prefer to define scheduling restriction in overlapping part. 
· Consider introducing UE-assist information to report the timing difference between two TAGs for overlapping part determination. 
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