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1 Introduction
In the RAN1 109 meeting, the following was agreed to support two TAs for mDCI uplink transmissions [1]: 
	Agreement
Enhancement on two TAs for UL multi-DCI for multi-TRP operation is supported in Rel-18.
Note 1: whether (1) the network signals two TACs or (2) the network signals one TAC and the UE deriving the second TA can be further studied.
Note 2: evaluations can be considered on as-needed basis.

Agreement
For multi-DCI based multi-TRP operation, down-select one of the two alternatives:
· Alt 1: configure two TAGs within a serving cell
· Alt 2: consider two TAs within one TAG within a serving cell

Agreement
Support two TA enhancement for both intra-cell and inter-cell multi-DCI multi-TRP scenarios in Rel-18.

Agreement
Enhancements on two TAs for UL multi-DCI for multi-TRP operation are applicable to both FR1 and FR2.

Agreement
For multi-DCI multi-TRP operation with two TAs, study the following alternatives:
· Alt 1:  two reference timings are considered
· Alt 2:  one reference timing is considered
Note: reference timing above is the timing of the DL reception 

Agreement
For multi-DCI multi-TRP operation with two TAs, study the following alternatives further in Rel-18:
· Alt 1:  one n-TimingAdvanceOffset value per serving cell
· Alt 2:  two n-TimingAdvanceOffset value per serving cell

Conclusion
For multi-DCI multi-TRP operation with two TAs, the decision on the maximum uplink timing difference is left up to RAN4.
· Send an LS to RAN4 asking them the maximum uplink timing difference RAN1 can assume between the two TAs for multi-DCI multi-TRP operation. The LS is endorsed in R1-2205593.

Agreement
Two TA enhancement for uplink multi-DCI based multi-TRP operation are applicable to at least:
· TDM based multi-DCI uplink transmission
· simultaneous multi-DCI uplink transmission (if simultaneous uplink multi-DCI uplink transmission is supported in Agenda 9.1.4.1)
· Note: Whether two TA enhancement is applicable to other schemes is a separate discussion, which is not in the scope of AI 9.1.1.2.




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 Rel-15, after Xn based handover procedure is triggered, the source gNB extracts the RRCReconfiguration message from the target gNB and forwards it to UE, which includes one or more dedicated PRACH preambles and Contention Free RACH procedure can be used by UE to obtain an initial UL timing advance value. For Rel-18 multi-TA in multi-TRP operation, we can make use of the current CFRA-based initial TA acquisition of Xn-based handover procedure, by simply providing the CFRA configuration of the non-serving cell TRP without triggering handover to the neighbouring cell. 
For both multi-TRP and handover use cases, the relevant configurations e.g., SSB for DL or PRACH for UL are provided by serving cell TRP based on the measurement report of neighbouring cell from UE, as depicted in FIG.2 below. It should be noted that the measurement reports are transmitted to the serving cell only due to security consideration. Consequently, the CFRA procedure should be initiated by the serving cell as in legacy to obtain the initial TA for non-serving cell TRP. However, the initial timing advance value in RAR should be provided by non-serving cell TRP considering the non-idea backhaul latency between two TRPs in multi-DCI scenario to minimize the latency. Therefore, the Type-1 CSS configuration needs to be provided together with CFRA configuration for the corresponding non-serving cell TRP. This is same as in handover procedure.  
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Figure 2: CFRA procedure for initial TA acquisition towards non-serving cell TRP

To provide a reference signal in a non-serving cell to a UE, the physical cell identity (PCI) should be included in the RRC configuration of the non-serving cell CFRA configuration, at least for SSBs associated with TCI states of the non-serving cell. 
[bookmark: _Ref110961306]Proposal  1
· Support to provide the following non-serving cell CFRA configurations to support two TAs in MTRP operation: 
· CFRA configuration 
· Type-1 CSS configuration. 
· The associated PCI
[bookmark: _Ref110961392]Proposal  2
· In a CFRA procedure, a UE determines the coresetPoolIndex of Type 1 CSS based on the PCI associated with the transmitted PRACH resource.   

Another issue to be discussed is how to trigger the CFRA procedure for the non-serving cell TRP after the CFRA resources are provided by serving cell. Several options can be considered as follows:   
· Opt.1: A CFRA procedure is triggered upon receiving a PDCCH order or a TCI state activation MAC-CE that activates at least one TCI state for PDSCH of a non-serving cell. 
· Opt.2: UE-autonomous CFRA triggering
· With this option, a threshold is configured as a metric to trigger CFRA. The UE monitors the SSB/CSI-RS associated with the activated TCI states of non-serving cell. CFRA procedure is triggered once the measured RSRP above the RRC-configured threshold.     
Opt.1 is the simplest solution and allows network to fully control the CFRA time instance, which potentially benefits in terms of CFRA preamble utilization and CFRA preamble overhead. For instance, a CFRA preamble can be reserved for a serving cell and shared for all UEs. The collision avoidance is achieved by network with triggering CFRA in a TDM manner for different UEs. On the other hand, Opt.2 decouples the uplink CFRA and DL TCI state activation procedure and therefore provides a full flexibility for gNB in operating DL mTRP operation and UL mTRP operation. 
Proposal 3: 
· Study the CFRA triggering mechanism to obtain the initial TA value for non-serving cell after dedicated RACH resources are provided by serving cell.   


2.2 Maintenance of Uplink Timing Advance Values
Another FFS aspect identified in the RAN1 109 meeting is how to assign TAG for the TA associated with two TRPs. Two alternatives were identified as follows: 
	Agreement
For multi-DCI based multi-TRP operation, down-select one of the two alternatives:
· Alt 1: configure two TAGs within a serving cell
· Alt 2: consider two TAs within one TAG within a serving cell



The Timing Advance Group (TAG) concept was first introduced in LTE Rel-11 CA to support a non-collocated cell deployments and was further extended to NR since Rel-15. In current MAC specification, a single TA value is maintained for a TAG using a Timing Advance MAC CE, which is not hold for Alt.2 anymore where two TAs are included in a TAG. Alt.1 is therefore a nature choice to enable two TAs for two panels towards two TRPs such that the standard efforts is minimized.   
Proposal 4: 
· Support configuring two TAGs within a serving cell for maintenance of two TAs for two TRPs.
· Each TA of each TAG is associated with one of the CORESETPoolIndex values.    

In Rel-17, NR supports up to four TAGs. If an increased flexibility is desired for two TA use case, we can consider increasing the maximum number of TAG for Alt.1 e.g., from 4 to 8. 
Proposal 5: 
· Further consider if the maximum number of TAGs needs to be increased for two TAs.     


One more FFS aspect is how to derive the uplink transmission timing based on the respective TA for a TAG. In Rel-17, the UE would apply the TA for all the UL transmissions of a TAG relative to the DL reception timing. Two possible schemes were discussed without concensus: 
	Agreement
For multi-DCI multi-TRP operation with two TAs, study the following alternatives:
· 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 



Main motivation of Alt.2 is to signal a single TA value for one of two panels. Assuming a symmetric delay on DL and UL direction, the UL transmission timing for other panel is further derived based on the difference of two DL reception timings and the indicated UL TA value. As depicted in FIG.3, it should be noted that the DL reception timing difference of two TRPs can be caused at least by two factors: 
· Factor #1: Imperfect timing synchronization between TRPs  
· Factor #2: Propagation delays of two TRPs for a given UE.
The corresponding UL transmission timing determination is sort of opposite for the two cases. Assuming the DL timing difference is positive (i.e., reception timing of TRP2 is later than that of TRP1) and a consequence of factor #1, a UE should defer the UL transmission of other panel ‘’ to TRP#2 relative to the indicated UL timing towards TRP#1. However, if the timing difference is caused by the factor #2, a larger TA value should be used by adding ‘’ on top of indicated TA value. In other words, UE supposed to use different UL transmission timings depending on the factor of DL reception timing difference of two TRPs. As the factor that causes the DL reception timing differences of two TRPs is unknown to the UE, the feasibility of solution based on Alt.2 is questionable in our view. We therefore propose the following:  
Proposal 6: 
· Support two DL reference timings for two TAs in mDCI-based mTRP operation.  
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Figure 3: UL transmission determination based on a single TA value and a single DL reference timing

Another pending issue is the number of  values to be supported for two TAs towards two TRPs. The following agreement was made in RAN1 109 meeting: 
	Agreement
For multi-DCI multi-TRP operation with two TAs, study the following alternatives further in Rel-18:
· Alt 1:  one n-TimingAdvanceOffset value per serving cell
· Alt 2:  two n-TimingAdvanceOffset value per serving cell


In NR, the  was introduced in Rel-15 to ensure the UL radio frame finishes before the start of subsequent DL radio frame. For TDD system on both FR1 and FR2, this value creates a gap for switching between reception and transmission at gNB side. For FDD system, it is also supported mainly for FDD/TDD CA case to ensure the uplink reception timing is aligned at gNB. The values of  are summarized in Table 7.1.2-2 of TS 38.133 [2], which is broadcasted by SIB or dedicated RRC signaling from network for FR1. It is unnecessary to signal a value for FR2 as a single  value is supported. Support of two  values for two TRPs provides flexibility for FR1 e.g., TRP#1 is operated with TDD/FDD CA while TRP#2 is FDD serving cell only. In this deployment scenario,   maybe configured to be ‘39936’ for TRP#1 while  for TRP#2.  
Proposal 7: 
· Support two n-TimingAdvanceOffset values per serving cell and each for a TRP
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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 to provide the following non-serving cell CFRA configurations to support two TAs in MTRP operation: 
· CFRA configuration 
· Type-1 CSS configuration. 
· The associated PCI
Proposal  2
· In a CFRA procedure, a UE determines the coresetPoolIndex of Type 1 CSS based on the PCI associated with the transmitted PRACH resource.   
Proposal 3: 
· Study the CFRA triggering mechanism to obtain the initial TA value for non-serving cell after dedicated RACH resources are provided by serving cell.   

Proposal 4: 
· Support configuring two TAGs within a serving cell for maintenance of two TAs for two TRPs.
· Each TA of each TAG is associated with one of the CORESETPoolIndex values.    

Proposal 5: 
· Further consider if the maximum number of TAGs needs to be increased for two TAs.     

Proposal 6: 
· Support two DL reference timings for two TAs in mDCI-based mTRP operation.  
Proposal 7: 
· Support two n-TimingAdvanceOffset values per serving cell and each for a TRP
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Table 7.1.2-2: The Value of Ny, .

Frequency range and band of cell used for uplink
transmission

Np ofiser (Unit: Tc)

FR1 FDD or TDD band with neither E-UTRA-NR nor
NB-loT-NR coexistence case

25600 (Note 1)

FR1 FDD band with E-UTRA-NR and/or NB-loT-NR
coexistence case

0 (Note 1)

FR1 TDD band with E-UTRA-NR and/or NB-loT-NR
coexistence case

39936 (Note 1)

FR2

13792

Note 1:  The UE identifies Ny, o, based on the information n-
TimingAdvanceOffset as specified in TS 38.331 [2]. If UE is not provided
with the information n-TimingAdvanceOffset, the default value of N et
is set as 25600 for FR1 band. In case of multiple UL carriers in the same
TAG, UE expects that the same value of n-TimingAdvanceOffset is
provided for all the UL carriers according to clause 4.2 in TS 38.213 [3] and
the value 39936 of N, . Can also be provided for a FDD serving cell.

Note 2:  Void
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