[bookmark: _GoBack]3GPP TSG-RAN WG1 Meeting #111	R1-2210898
Toulouse, France, November 14 – 18, 2022

Agenda Item:	9.12.2
Source:	Huawei, HiSilicon
Title:	Timing advance management to reduce latency
Document for:	Discussion and Decision

Introduction
In RAN1 #110bis-e, several agreements were achieved for timing advance acquisition for mobility: 
1. 
	Agreement 
Support TA acquisition of candidate cell(s) before cell switch command is received in L1/L2 based mobility.
· FFS: whether this can be applied to candidate cell when it is deactivated SCell (if defined in RAN2)
 Agreement
On mechanism to acquire TA of the candidate cells, the following solutions can be further studied:
•         RACH-based solutions
e.g., PDCCH ordered RACH, UE-triggered RACH, higher layer triggered RACH from NW other than L3 HO cmd
•         RACH-less solutions
e.g., SRS based TA acquisition, Rx timing difference based, RACH-less mechanism as in LTE, UE based TA measurement (including UE based TA measurement with one TAC from serving cell)


In this paper, we share our views on the timing advance (TA) management. The rest of this paper are structured as follows. Potential TA acquisition mechanisms before cell switch command are discussed in section 2. TA indication methods are discussed in section 3. Options of TA association are discussed in section 4. Finally, conclusions are made in section 5.
TA acquisition mechanisms
To acquire the TA of candidate cell before cell switch command is received, candidate solutions are categorized as: RACH-based solutions and RACH-less solutions. 
On RACH-based solution 
We support acquire TA based on the PRACH as its reliability and accuracy for timing advance acquisition can be guaranteed. With RACH-based solutions, serving cell needs to send RACH resource request to the candidate cell based on UE’s measurement results. The procedure is illustrated in the figure 1 below. 
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Figure 1: An example of PDCCH-ordered RACH based TA acquisition procedure 
Among the RACH-based solutions, we prefer network triggered solutions because it ensures UE to acquire latest TA with less PRACH overhead. There are two candidates for the network triggered RACH discussed in RAN1#110b-e, i.e. PDCCH-ordered RACH and high layer signalling triggered RACH. According to the CU-DU split architecture, the MAC and PHY layer is located at DU. Based on the L1 measurement results acquired, DU makes the decision of TA acquisition and sends the PDCCH order to trigger a RACH. However, with higher layer triggered RACH, the L1 measurement results should be further forwarded to CU. Based on the measurement result, the higher layer signalling to trigger a PRACH transmission is generated in CU and sent back to DU. It results significant change of higher layer architecture and signalling overhead. Therefore, PDCCH-ordered RACH for timing advance acquisition before handover should be supported in L1/L2 based mobility.
In current specification, PDCCH-ordered RACH can only trigger a PRACH within the serving cell. UE determines the RACH occasion in the serving cell based on the RACH-ConfigCommon, RACH-ConfigGeneric and optionally RACH-ConfigDedicated provided by serving cell configuration. To acquire the TA for the candidate cell, UE at first requires a set of RACH configurations associated with candidate cells. In addition, enhancement is required on the DCI format of PDCCH order for UE to differentiate the triggered RACH is on serving cell or candidate cell. 
Proposal 1: PDCCH-ordered RACH for timing advance acquisition before handover should be supported in L1/L2 based mobility.
Another alternative in RACH-based solutions is UE-triggered RACH. In Rel-16 conditional handover, UE may initial a RACH procedure upon the preconfigured conditions satisfied. After UE finish the RACH procedures, UE may successfully handover to target cell and the transmission/reception between serving cell will be terminated. However, for the TA acquisition in L1/L2 mobility, UE need to continue communicate with serving cell after TA acquired in LTM until UE receive cell switching command. So, the interruption due to UE transmitting PRACH to candidate cell should be known to serving cell. With UE triggered RACH solution, the serving cell DU is not able to know the exact time that UE may initial the RACH towards candidate cell. Hence, it has big impact to the scheduling under serving cell. Besides, there is no obvious additional benefit from UE triggered RACH solution compared with the Network triggered RACH.
Proposal 2: UE triggered RACH for TA acquisition before cell switch command is received should be deprioritized in Rel-18 LTM. 

On RACH-less solutions
· Rx timing difference based
When UE performing the L1 measurement, the arriving timing difference may also be derived by the UE based on the SSBs from both serving cell and neighbour cell. With Rx timing difference solution, UE may directly derive the TA based on DL measurement and apply to the UL transmission after cell switch. There are three sources contributing to TA estimation error for the candidate cell. Firstly, the UE may have a DL timing measurement errors for both serving cell and candidate cells. Secondly, the DL Tx timing between serving cell and candidate cells may be different. It can be as long as 3 us according to RAN4 spec even for synchronous deployment. Thirdly, the TA for the candidate cell is derived from the serving cell TA, which has estimation error itself. Thus, further evaluation is required to see whether the accuracy of TA estimation from RSTD can meet the RAN4 requirement on UL synchronization. 
· SRS based TA acquisition 
UE transmits an SRS towards candidate cell, and TA value could be derived by the gNB. SRS based measurement by gNB was discussed in positioning, and there are two possible ways to determine the transmission timing of SRS. Since UE is synchronized with serving cell, one possible solution is that UE transmits the SRS using the serving cell TA. Due to the difference of propagation delay, interference may be introduced by SRS at candidate cell’s receiver. Hence the UE based TA measurement with serving cell TA in not preferable due to UL interference. To address this issue, another possible solution is that UE performs the TA compensation for SRS transmission towards candidate cell. The TA compensation could be derived based on the DL-TDOA (timing difference of arriving) between SSBs from serving cell and candidate cell. Upon received the SRS transmitted by UE, candidate cell could send to TA offset value to serving cell by high layer signalling. And UE can derive the actual TA for candidate cell based on serving cell TA, estimated DL-TDOA between serving cell and candidate cell, and the received TA offset value. The TA offset value from candidate cell help to mitigate accumulated TA estimation errors in the Rx timing difference based solution discussed above. Figure 2 shows an example of such procedure.
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Figure 2: An example for SRS based TA acquisition
Proposal 3: SRS-based TA acquisition solution could be considered for Rel-18 LTM. 
· RACH-less mechanism as in LTE
In LTE, RACH-less handover was specified. UE applies either same TA value as in the source cell or zero TA value in the target cell after handover. This assumption makes RACH-less handover have limited application scenarios, the same drawback applies to L1/L2 based mobility if RACH-less solution reused. 
Observation 1: LTE RACH-less like TA acquisition mechanism could be discussed for LTM but only for limited application scenarios.

TA indication
In regular RACH process, no matter 2-step RACH, 4-step RACH, CBRA or CFRA, gNB indicates TA to UE in RAR or Msg B after PRACH is received from UE. Although the gNB may be able to calculate TA upon the reception of preamble without sending the response, UE is not aware of whether  PRACH is received by candidate cell. Furthermore, the RACH without RAR message cannot be used for ICBM/m-TRP scenarios as UE cannot have a TA value for data transmission towards to neighbour cell. However, RAN2 has agreed the ICBM is one scenario considered for L1L2 mobility. So for the L1/L2 triggered mobility, if RACH based solution is adopted for TA acquisition before cell switch, a TA value could be indicated to UE by RAR message from candidate cell as existing RACH procedure.
Proposal 4: TA value could be indicated to UE by RAR message from candidate cell as existing RACH procedure.
For the case if non-RACH based solution is supported, since there is no RAR message, the TA value needs to be indicated to UE. As the TA value for target cell will not be used for UL transmission before cell switch, it is not necessary to indicate the TA before cell switch, which may require UE to store/maintain the value and introduce extra complexity. Therefore, the most straightforward solution is to indicate the TA by cell switch command.
Proposal 5: TA value could be conveyed by the cell switch command if TA acquisition solution other than RACH (e.g. SRS based solution) is supported.

TA association
Regarding the TA association, there were two candidate solutions listed for further study. 
	Agreement
For TA acquisition of a candidate cell before cell switch command is received, study at least the following alternatives of associating TA/TAG to candidate cell:
· Alt1: Associate TA/TAG and candidate cell implicitly, e.g.,
· the association between TA/TAG and TCI states can be configured
· Alt2: Associate TA/TAG and candidate cell explicitly, e.g.,
· the association is provided as a part of candidate cell(s) configuration
· the association between TA/TAG and SSB(s)/TRS(s) is provided as a part of candidate cell(s) configuration


In Alt 1, TA/TAG is associated with candidate cell implicitly. In the sub-bullet, one example is given that TA/TAG may associate to TCI states. In current release, TCI state is configured per CC/BWP. As the TA acquired for a candidate cell may be an inter-frequency cell, so the solution does not work. 
In Alt 2, the association between TA/TAG and candidate cell is explicitly via SSB(s)/TRS(s), which can support the inter-frequency cases. Furthermore, the TA acquired before the cell switch command is used by UE for UL transmission timing after cell switch. The source reference signal for UL TCI state and even Pathloss RS used in UL transmission are usually bonded with SSB(s)/TRS(s). Such design is straightforward and can be applied for both FR1 and FR2. Hence, we propose to support Alt 2 in agreements in RAN1#110b-e, i.e. associate TA/TAG and candidate cell explicitly for TA association in Rel-18 LTM.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Proposal 6: Support associating TA/TAG with at least SSB(s) of the candidate cell(s) explicitly (Alt 2).
In the mobility scenarios, it is possible that UE may have multiple candidate cells. To reduce the latency for UL synchronization, at least one TA associated with one of the candidate cells should be acquired. The gNB can make the decision on which one of the candidate cells UE should acquire the TA. Regarding the maximum number of TAs a UE can acquire for candidate cells before cell switch command, it could be based on UE capability. If the UE support mTA mTRP, then the UE may configure with two TAGs within the serving cell. For the case that UE operates with mTA mTRP and performs L1/2 mobility, it is reasonable to support UE acquires two TAs for the two TRPs in a candidate cell.  
Proposal 7: Support at least one of candidate cells can be associated with 1 acquired TA other than the TA used for the serving cell. And support two acquired TAs associated with two TRPs of one candidate cell when UE is configured with mTA mTRP.
Timing advance application 
If NW configured UE to operate with inter-cell multi-TRP, UE may apply the TA of candidate cell for UL data transmission to candidate cell even before cell switch command is received. The candidate cell plays as a TRP under serving cell in such case. Then, L1/L2 cell switch command somehow triggers a “role change” between serving cell TRP and target cell TRP to finish the handover. TA value applied for TRP associated with candidate cell PCI before handover will become the serving cell TA after handover.
Proposal 8: For a UE support Rel-18 inter-cell mTRP, support UE to apply candidate cell’s timing advance before the UE receives cell switch command, if the candidate cell is configured as a TRP for UE. 
If inter-cell mTRP operation is not supported by NW or UE, then the TA acquired before handover will never been used for UL data transmission until the cell switch command is received. For the RACH based TA acquisition solutions, after UE transmits the PRACH preamble towards the candidate cell, an RAR message sent by the candidate cell is received, in which UE obtains the initial TA value for this candidate cell. Different from legacy TA update mechanism, UE shall not replace its current TA value in the serving cell with the value included in RAR from candidate cell. 
Proposal 9: For a UE does not support Rel-18 inter-cell mTRP, the candidate cell’s TA is valid TA only after cell switch command is received and applied. 
Summary and conclusion
In this contribution, we observe and propose the following:
Observation 1: LTE RACH-less like TA acquisition mechanism could be discussed for LTM but only for limited application scenarios.
Proposal 1: PDCCH-ordered RACH for timing advance acquisition before handover should be supported in L1/L2 based mobility.
Proposal 2: UE triggered RACH for TA acquisition before cell switch command is received should be deprioritized in Rel-18 LTM. 
Proposal 3: SRS-based TA acquisition solution could be considered for Rel-18 LTM. 
Proposal 4: TA value could be indicated to UE by RAR message from candidate cell as existing RACH procedure.
Proposal 5: TA value could be conveyed by the cell switch command if TA acquisition solution other than RACH (e.g. SRS based solution) is supported.
Proposal 6: Support associating TA/TAG with at least SSB(s) of the candidate cell(s) explicitly (Alt 2).
Proposal 7: Support at least one of candidate cells can be associated with 1 acquired TA other than the TA used for the serving cell. And support two acquired TAs associated with two TRPs of one candidate cell when UE is configured with mTA mTRP.
Proposal 8: For a UE support Rel-18 inter-cell mTRP, support UE to apply candidate cell’s timing advance before the UE receives cell switch command, if the candidate cell is configured as a TRP for UE. 
Proposal 9: For a UE does not support Rel-18 inter-cell mTRP, the candidate cell’s TA is valid TA only after cell switch command is received and applied. 
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