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  Introduction
[bookmark: _Hlk492027000]Rel-18 MIMO scope was finalized in RAN#94 where the corresponding objectives are captured in RP-213598. One of these objectives is to study and, if justified, specify the use of two TAs (timing advance) considering UL multi-DCI for multi-TRP operation. This objective is copied below:
	7.  Study, and if justified, specify the following 
0. Two TAs for UL multi-DCI for multi-TRP operation 
0. Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.



RAN1#109-e was the first meeting where the above Rel-18 objective was discussed. During this meeting, the general support of the feature of two TAs for UL multi-DCI multi-TRP was agreed considering both intra-cell and inter-cell multi-TRP scenarios, as can be seen in the agreements copied below:

	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
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.




In this contribution, we continue the discussion on two TAs for UL multi-DCI for multi-TRP operation considering the agreements reached so far.

  Discussion
Considerations on DL reference timing(s)

[bookmark: _Hlk110507721]One or two reference timings 
In RAN1#109-e, whether to adopt one or two (DL) reference timings was discussed, where the following agreement was made:

	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 




For the support of two TAs for multi-DCI multi-TRP, Alt.1 seems a more natural extension compared to Alt.2. Specifically, with Alt.1 each TA is determined/applied relative to the DL Rx timing of the corresponding TRP, as illustrated in Figure 1. And this Alternative would not be prone to the synchronization error or the propagation delay difference between the TRPs. In addition, it’s to be noted that the UE is also expected to perform autonomous uplink timing adjustment [3GPP TS 38.133, section 7.1.2]. So, UE’s autonomous uplink timing adjustment would require UE to track reference timing RS from both TRPs in the case of UL transmissions to different TRPs. It’s worth noting that Alt.1 would require some specs effort, for instance, to define the association between TA loop or TAG (if two TAGs within a serving cell is agreed) and DL RSs (such as TRSs), nevertheless we don’t think this would be a showstopper. Also, note that at least two TRSs, each from a TRP, would be needed for channel estimation, so there is no additional TRS(s) required with Alt.1. 
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Figure 1: Example illustrating applying two TAs considering two respective reference timings (i.e., Alt.1). 

On the other side, performance degradation is expected with Alt.2 and would depend on TRPs synchronization error and the propagation delay difference between the TRPs. The impact of these factors, and more generally a comparison between Alt.2 and Alt.1, was analysed in R1-2203062 where it’s concluded that the use of two reference timings is better than a single reference timing. Specifically, it was observed that with two TA offsets and two reference timings, the UL receive timing error is within a tolerable range, thus resulting in no performance degradation. In addition, with Alt.2, it should be discussed and defined which reference timing to consider, i.e., the reference timing corresponding to which TRP, given that there are two TRPs. And how to update/apply TA for the loop for which the (single) reference timing is considered/maintained.    

Furthermore, Alt.1 may be easier to implement considering that there is no need to exchange information between the TRPs with this alternative. Whereas with Alt.2 the second TA may be a function of the first TA (for which the (single) reference timing is considered/maintained), so some level of coordination may be needed between the TRPs. 

Based on the above observations and discussions, in our view Alt.1 should be supported. 

Proposal 1: For multi-DCI multi-TRP operation with two TAs, two reference timings are considered.

Enabling reference timing per TRP
[bookmark: _Hlk110508253]If Alt.1 is adopted, i.e., two reference timings are considered, in order to enable/define a reference timing per TRP, an association of at least one DL RS, such as TRS, to a respective CORESETPoolIndex and thus TA loop (or TAG, if the support of two TAGs within a serving cell is agreed) would be needed. Then, for a given TA loop / TAG, the TA would be adjusted with respect to the corresponding DL reference timing.

Proposal 2: Discuss the association of DL RSs to TRPs if Alt.1 adopted, i.e., if two reference timings are considered.

On the n-TimingAdvanceOffset
Whether to define two n-TimingAdvanceOffset values per serving cell or to keep a single value has been discussed in RAN1#109-e but without reaching a consensus, as can be seen in the following related agreement where the two alternatives are still on the table: 

	Agreement
For multi-DCI multi-TRP operation with two TAs, study the following alternatives further in Rel-18:
· [bookmark: _Hlk106356942]Alt 1:  one n-TimingAdvanceOffset value per serving cell
· Alt 2:  two n-TimingAdvanceOffset value per serving cell




First, we recall that n-TimingAdvanceOffset is the  in , which is a (fixed) offset used to calculate/adjust the timing advance. This offset is expected as the maximum duration potentially necessary for the gNB to switch from receive to transmit. Based on the existing specifications, a UE can be provided a value of the timing advance offset for a serving cell by n-TimingAdvanceOffset, to be applied for UL transmissions on this serving cell. If the UE is not provided n-TimingAdvanceOffset for a serving cell, the UE determines a default value  of the timing advance offset for the serving cell (as described in TS 38.133). As can be seen from the RAN4 TS 38.133, Table 7.1.2-2, this offset essentially depends on two factors, namely duplex mode and frequency range. 

Based on the above observations, and since for a serving cell a same duplex mode and frequency range are expected (for the TRPs), we think that a single n-TimingAdvanceOffset would be sufficient per serving cell. 

Proposal 3: For multi-DCI multi-TRP operation with two TAs, adopt Alt 1, i.e., one n-TimingAdvanceOffset value per serving cell.


On whether to configure two TAGs within a serving cell
In RAN1#109-e, whether to configure one or two TAGs within a serving cell was discussed but without reaching a consensus, as can be seen from the agreement copied below:

	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




For the support of two TAs for UL multi-DCI multi-TRP, configuring two TAGs within a serving cell (i.e., Alt.1) received the support of a majority of companies in the related RAN1#109-e discussions. As noted by the proponents of Alt.1, Alt. 2 seems to at least require more RAN2 spec impact, and it deviates from legacy wherein a TA is maintained per TAG.

However, given that the discussion on Alt.1 vs. Alt.2 would be essentially impacting RAN2 specs, we believe that RAN1 should either defer the decision to RAN2 or at least send an LS to RAN2 asking their views on the matter.

Proposal 4: Defer the decision on whether to adopt two TAGs or one TAG within a serving cell to RAN2.  

Enhancements on random-access procedures
In RAN1#109-e, there had been some discussions on whether enhancements are needed for the contention-free random access (CFRA) and the contention-based random access (CBRA) procedures, but without reaching any consensus. In the following, we discuss these aspects from the perspective of the PDCCH order and time alignment timer, as these could be triggers for random-access procedures needed to acquire TA by the network.

First, recall that based on legacy operation, when the gNB detects a problem in the UL synchronization of a UE, the gNB can indicate the UE to initiate a random-access procedure through a PDCCH order. The PDCCH order is triggered by DCI format 1_0 (with CRC scrambled by C-RNTI). This PDCCH can trigger either CFRA procedure or CBRA procedure. Further, in legacy, RRC configures the UE with a timer (timeAlignmentTimer) per TAG. The UE restarts the timer when it receives a new TA value. If the timer expires, the UE will need to perform a random-access procedure before it’s possible for the UE to perform UL transmissions in the cells, where at least CBRA could be used. 

Next, we discuss what potential enhancements related to the above random-access procedures would be needed, considering the multi-TRP scenarios and under the assumption that PRACH towards each TRP would be needed in order for each TRP to determine its corresponding TA (based on the triggers discussed above). In our view, the following aspects should be discussed:
· for CFRA, (i) if PDCCH order operation should be enhanced so that a PDCCH order from a first TRP can trigger PRACHs towards the two TRPs at a time, or (ii) if the PDCCH order operation should be made TRP specific, i.e., each TRP can send a PDCCH order triggering PRACH towards that TRP. The enhancement (i) would decrease the DL overhead in some cases but may require some coordination between the TRPs, whereas the enhancement (ii) increases the DL overhead but doesn’t require coordination between the TRPs.
· for CBRA, if the PDCCH order operation and the time-alignment timer expiry related operation, which both can trigger a CBRA, should be enhanced in order to enable PRACH transmissions per TRP, where the contention-based aspect is kept but per TRP.

Proposal 5: To enable the determination of two TAs for multi-TRP scenarios, for CFRA procedures RAN1 should discuss:
· if the PDCCH order operation should be enhanced so that a PDCCH order from a first TRP can trigger PRACHs towards the two TRPs at a time, and/or 
· if the PDCCH order operation should be made TRP specific, i.e., each TRP can send a corresponding PDCCH order triggering PRACH transmission towards that TRP.

Proposal 6: To enable the determination of two TAs for multi-TRP scenarios, for CBRA procedures RAN1 should discuss: 
· if the PDCCH order operation and the time-alignment timer expiry related operation, which both can trigger a CBRA, should be enhanced in order to enable PRACH transmissions per TRP.

TA loop activation, assistance information, and indication of one or two TA commands
TA loop activation/deactivation and assistance information 
First, it should be noted that for multi-TRP scenarios, our assumption is that it would be up to the network to determine whether, in addition to a first TA loop, a second TA loop needs to be activated. This may, for instance, depend on the UE location with respect to the two TRPs, i.e., whether the propagation delay difference (corresponding to the links between the UE and TRPs) is big or not. However, the network may not be aware of how big the propagation delay difference is at a given time, whereas the UE can be aware of such a difference based on DL RS (such as TRSs) measurements. Thus, it should be discussed whether some (simple) assistance information from the UE would be beneficial so that the network is made aware of whether the propagation delay difference is sufficiently big/small or not. The network could then use such information in order to decide whether to activate/deactivate a TA loop of the two TA loops.  

Observation 1: Assistance information from the UE on whether the propagation delay difference between DL RSs from the two TRPs is sufficiently big/small could help the network in deciding whether one or two TA loops should be activated for the UE. 

Proposal 7: RAN1 to discuss the importance of assistance information, provided by the UE, to assist the network in the decision of activating/deactivating a second TA loop, if such TA loop adaption is adopted. 

Regardless of whether the assistance information (discussed above) is adopted or not, the activation by the network of a second TA loop, in addition to a first active TA loop, should be discussed. Specifically, it should be discussed how the UE is activated with a second TA loop, or whether both TA loops would be active from the beginning, e.g., after RRC (re)configuration indicating two (activated) TA loops, and stay active until some RRC reconfiguration, e.g., indicating a single (activated) TA loop. 

Proposal 8: RAN1 to discuss the need and enablers for indicating the activation/deactivation of a second TA loop, when a first TA loop is active. 

Indication of one or two TA commands
Considering the Rel-18 support of two TAs for multi-TRP, the network may not necessarily always indicate the UE with two TACs (timing advance commands). In legacy, the UE receives the initial (absolute) timing advance value in a RAR (random access response) message. Timing advance value can then be updated with a MAC CE giving a TAC with a relative TA value. 

When the network decides to indicate two TACs for the UE, similar ways of carrying one TAC in legacy can be essentially used, i.e., through RAR and MAC CE. For MAC-CE updates of the relative TA, the legacy MAC-CE could be for instance associated with CORESETPoolIndex0 and a new MAC-CE, following a similar design as the legacy, could be introduced and be associated with CORESETpoolIndex1. Another approach would be to provide one or two TACs using the same MAC CE, where an indication could be used to inform the UE whether the MAC CE contains one or two TACs. 

[bookmark: _Hlk528168953][bookmark: _Hlk86659734]Proposal 9: Discuss ways for indicating one or two TA commands (at a time) for multi-TRP scenarios.
  Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we discuss the use of two TAs considering UL multi-DCI for multi-TRP operation. The following observations and proposals are made: 

Proposal 1: For multi-DCI multi-TRP operation with two TAs, two reference timings are considered.

Proposal 2: Discuss the association of DL RSs to TRPs if Alt.1 adopted, i.e., if two reference timings are considered.

Proposal 3: For multi-DCI multi-TRP operation with two TAs, adopt Alt 1, i.e., one n-TimingAdvanceOffset value per serving cell.

Proposal 4: Defer the decision on whether to adopt two TAGs or one TAG within a serving cell to RAN2.  

Proposal 5: To enable the determination of two TAs for multi-TRP scenarios, for CFRA procedures RAN1 should discuss:
· if the PDCCH order operation should be enhanced so that a PDCCH order from a first TRP can trigger PRACHs towards the two TRPs at a time, and/or 
· if the PDCCH order operation should be made TRP specific, i.e., each TRP can send a corresponding PDCCH order triggering PRACH transmission towards that TRP.

Proposal 6: To enable the determination of two TAs for multi-TRP scenarios, for CBRA procedures RAN1 should discuss: 
· if the PDCCH order operation and the time-alignment timer expiry related operation, which both can trigger a CBRA, should be enhanced in order to enable PRACH transmissions per TRP.

Observation 1: Assistance information from the UE on whether the propagation delay difference between DL RSs from the two TRPs is sufficiently big/small could help the network in deciding whether one or two TA loops should be activated for the UE. 

Proposal 7: RAN1 to discuss the importance of assistance information, provided by the UE, to assist the network in the decision of activating/deactivating a second TA loop, if such TA loop adaption is adopted. 

Proposal 8: RAN1 to discuss the need and enablers for indicating the activation/deactivation of a second TA loop, when a first TA loop is active. 

Proposal 9: Discuss ways for indicating one or two TA commands (at a time) for multi-TRP scenarios.
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