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In RAN #97 e-meeting, a revised WID on further NR mobility enhancements was agreed [1]. In the WID, timing advance management was included in order to reduce handover interruption time. In RAN1 #112bis e-meeting, the following agreements on timing advance management were achieved [2] .
	Agreement
For PDCCH ordered-RACH, if reception of RAR is not configured, UE autonomous re-transmission of PRACH is not allowed, regardless of the configuration of PreambleTransMax.
Agreement
When reception of RAR is configured, support RAR is received from serving cell at least in intra-DU case. 
Agreement
When reception of RAR is configured, support RAR is received from serving cell in inter-DU case.
· FFS: RA response window related issues
Agreement 
For PDCCH ordered RACH mechanism in R18 LTM, when reception of RAR is configured, 
· the UE stores(remembers/maintains/handles) a TA for at least one candidate cell
· storing(remembering/maintaining/handling) corresponding TAs for more than one candidate cell is up to UE capability
· detailed number of candidate cell is up to UE capability 
Agreement
For PDCCH-order based PRACH for candidate cell study the following issues:
· whether/how prioritizations for transmission power reduction for a PRACH transmission to a LTM candidate cell is performed
· whether/how prioritizations for prioritization of a PARCH transmission to a LTM candidate cell compared to an overlapped (in time and frequency) serving cell UL transmission
Agreement
For PDCCH ordered-RACH, if reception of RAR is not configured
· Whether power ramping is performed or not is determined from PDCCH order
· If power ramping is performed, 
· whether PRACH is an initial transmission or retransmission is explicitly indicated in PDCCH order (FFS exact indication mechanism)
· power ramping-up value is configured 
· else, the power should be determined by open-loop power control
Agreement
Send LS to RAN4 with the following info 
· RAN1 discussed the time gap between a PDCCH order and the corresponding PRACH transmission for LTM. 
· RAN1 believes that this will require that the time gap is increased at least for the following scenario
· For PDCCH-order based PRACH on a candidate cell that is not a current serving cell with PUCCH/PUSCH or inter-frequency with the current serving cell
· RAN1 relies on RAN4 to verify the need for the above additional latency and, if so, the corresponding value is needed
· RAN1 relies on RAN4 to investigate any impact/interruption on UL Tx of serving cell due to the PRACH Tx on a candidate cell that is not a current serving cell with PUCCH/PUSCH
· RAN1 relies on RAN4 to verify the need for any update is required to ΔBWPSwitching, ΔDelay if so, the corresponding values and whether UE capability is needed
· Potential RAN1 spec update will be based on RAN4’s feedback.



In this contribution, timing advance managements are discussed with the following outline:  RACH-based solution for TA acquisition is discussed in section 2. In section 3, RACH-less solution for TA acquisition is discussed. A brief conclusion is given in Section 4.
RACH-based solution 
In RAN1 #112bis e-meeting, it has been agreed that when reception of RAR is configured, support RAR is received from serving cell in both intra- and inter-DU cases. One further issue to be discussed is the RA response window determination.  
An illustration of the inter-DU multi-TRP operation is shown in Fig.1. A PDCCH order is sent by TRP1(at serving cell), triggering a PARCH transmission toward TRP2(at candidate cell), TA is estimated at the candidate cell and will be  transferred to the serving cell by TRP2->DU2->CU->DU1->TRP1. The backhaul latency between DU2 and DU1 makes it challenging for serving cell to transmit RAR with existing RAR window, which can start as one symbol after the last symbol of the PRACH occasion and last as long as 10ms in licensed spectrum. 
[image: ]
Considering this, following schemes can be considered:
· Alt1: Postpone the starting point of the ra_responseWindow
· Alt2: Extend the length of the ra_responseWindow
Both Alt1 and Alt2 can work, for Alt1, it is defined in the current spec [3] that the starting point of the ra_responseWindow being at least one symbol after the last symbol of the PRACH occasion corresponding to the PRACH transmission. If the starting point needs to be postponed, this part of the spec needs to be modified with the new value, which is up to the backhaul latency between DU1->CU->DU2 decided by RAN3.
For Alt2, currently ra_responseWindow is provided by RRC configuration and according to [4], the value is configured to be lower than or equal to 10ms when RAR is transmitted in licensed spectrum. If the length of the window needs to be extended, it’s up to RAN2 to define the extension value. Based on the analysis above, we have the following proposal: 

Proposal 1: Regarding the determination of the RAR response window when reception of RAR is configured, following schemes can be considered: 
· Alt1: Postpone the starting point of the ra_responseWindow
· Alt2: Extend the length of the ra_responseWindow
Detailed designs are up to RAN2/RAN3. 
For PDCCH-order based PRACH for candidate cell, another issue proposed to be discussed in RAN1 #112bis e-meeting is: 
· whether/how prioritizations for transmission power reduction for a PRACH transmission to a LTM candidate cell is performed
· whether/how prioritizations for prioritization of a PARCH transmission to a LTM candidate cell compared to an overlapped (in time and frequency) serving cell UL transmission
In our opinion, the overlapping of a PRACH transmission to LTM candidate cell and serving cell UL transmission can be avoided by NW implementation. And if so, the prioritization for transmission power reduction for a PRACH transmission to a LTM candidate cell is not needed. 
Proposal 2： Prioritization of a PRACH transmission to a LTM candidate cell compared to an overlapped (in time and frequency) serving cell UL transmission is not needed. The overlapping can be avoided by NW implementation. 
In RAN1 #112bis e-meeting, an issue to be discussed when reception of RAR is configured in Rel-18 LTM is the container of RAR. Regarding to this issue there were the following alternatives: 
· Alt1: MAC PDU(like RAR MAC PDU in 4 step RACH)
· Alt2: MAC CE(like absolute TAC in MsgB in 2step RACH)
· Alt3: MAC CE(like regular TAC)
In the legacy mechanism, RAR is included in RAR MAC PDU, if UE receives a RAR with a RAPID that matches the transmitted preamble during ra_responseWindow, UE will consider that NW has successfully decoded the preamble and estimated the TA. Similar mechanism can be applied to the LTM scenario, the only difference is that UE need to know which candidate cell does the RAR come from and the RAR is for UE itself considering that multiple UEs in the source cell may use the same RAPID and RA-RNTI to trigger a PRACH towards different cells and waiting for a RAR during the same time window. To achieve this, the legacy way of RAR reception, via monitoring type-1 CSS over the source cell, with DCI scrambled with RA-RNTI and candidate cell ID in the MAC payload can be applied. 
Alt2 and Alt3 broken the current RAR design framework, some additional bits are needs to indicate that it is transmitted in response to a PRACH transmitted to a candidate cell. Considering the non-negligible change to the current spec and the limited time left, Alt2 and Alt3 are not recommended. 
Proposal 3: Regarding the container of the RAR, RAR MAC PDU in 4-step RACH. i.e. Alt1 is applied. Candidate cell index/indicator can be included in the RAR to explicitly indicate UE which candidate cells the TA will be applied. 
In RAN1 #112bis e-meeting, it has been agreed that when reception of RAR is configured, support RAR is received from serving cell in intra-DU and inter-DU case. An issue to be considered is the QCL assumption for PDCCH scheduling RAR PDSCH and RAR PDSCH. 
An illustration of the RAR received from serving cell is shown in Fig.2. A PDCCH order is triggered by serving cell to indicate UE a PRACH towards candidate cell. After candidate cell receives the preambles sent by UE, TA will be estimated and included in the RAR, the RAR is transferred from candidate cell to serving cell. UE will receive RAR from serving cell, using the DL Rx beam of receiving PDCCH order as those in legacy. 


	Fig.2. Illustration of the PDCCH-ordered RACH, RAR is received from serving cell 

Proposal 4: The QCL assumption of and a RAR PDSCH follows the QCL assumption of the PDCCH scheduling it.
RACH-less solution
TA of the candidate cell can be also obtained by RACH-less solution. In RAN1 #111 meeting, there were the following alternatives:
· Alt1: SRS based TA acquisition 
· Alt2: RACH-less mechanism as in LTE
· Alt3: UE based TA measurement(including UE based TA measurement with one TAC from serving cell
For Alt2, RACH-less mechanism as in LTE, i.e. using TA=0 or the latest TA value of the source cell for the candidate cell was proposed to make a conclusion in RAN1 #112 meeting. In our opinion, this mechanism can be achieved by implementation and has no additional impact on the current spec. Considering this, it can be naturally extended to LTM. 
Proposal 5: RACH-less mechanism as in LTE can be supported by indicating TA=0 or the latest TA value of the source cell.
For Alt3, following assumption was made in RAN1#112 meeting:
Working Assumption
UE-based TA measurement (UE derives TA based on Rx timing difference between current serving cell and candidate cell as well as TA value for the current serving cell) is supported. 
· Corresponding UE capability is to be introduced to support UE-based TA measurement
· For a UE reports support of this capability, configuration of UE-based TA measurement is supported
FFS: other impacts on RAN1 spec
Introducing UE-based TA measurement has a minor impact on spec except a new UE capability introduction and NW configure the TA measurement mode as UE-based TA measurement upon the UE capability reporting. As mentioned by other companies, the merit of Alt3 is reducing overhead and implementation issue due to PRACH on candidate cell. 
Proposal 6:  The following working assumption is confirmed
	Working Assumption
UE-based TA measurement (UE derives TA based on Rx timing difference between current serving cell and candidate cell as well as TA value for the current serving cell) is supported. 
· Corresponding UE capability is to be introduced to support UE-based TA measurement
· For a UE reports support of this capability, configuration of UE-based TA measurement is supported
FFS: other impacts on RAN1 spec


Conclusions
In this contribution, we focus on the TA management in L1/L2 based inter-cell mobility, TA acquisition and indication for RACH-based solution as well as RACH-less solution are mainly discussed. We have the following proposals: 
Proposal 1: Regarding the determination of the RAR response window when reception of RAR is configured, following schemes can be considered: 
· Alt1: Postpone the starting point of the ra_responseWindow
· Alt2: Extend the length of the ra_responseWindow
Detailed designs are up to RAN2/RAN3. 
Proposal 2： Prioritization of a PRACH transmission to a LTM candidate cell compared to an overlapped (in time and frequency) serving cell UL transmission is not needed. The overlapping can be avoided by NW implementation. 
Proposal 3: Regarding the container of the RAR, RAR MAC PDU in 4-step RACH. i.e. Alt1 is applied. Candidate cell index/indicator can be included in the RAR to explicitly indicate UE which candidate cells the TA will be applied. 
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