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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 #110bis-e meeting, regarding mechanism to acquire TA, RAN1 agreed to further study the solutions under two categories, “RACH-based solutions” and “RACH-less solutions” [1]:
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 RAN1 #112 meeting, regarding RACH-less solutions RAN1 accepted supporting the UE based RACH-less TA acquisition as a working assumption; regarding RACH-based solution, RAN1 agreed if without RAR is configured, TA value of candidate cell is indicated in cell switch command from the serving cell[2]: 
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
Agreement
For PDCCH ordered-RACH for candidate cell(s), RAR reception can be configured/indicated
· If reception of RAR is not configured/indicated (without RAR)
· TA value of candidate cell is indicated in cell switch command
In RAN1 #112bis-e meeting, regarding RACH-based solution, RAN1 agreed if with-RAR is configured, RAR is sent to the UE from the serving cell [3].
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
In this contribution, we discuss the limitations of PDCCH ordered early RACH and the need of UE-based RACH-less target TA acquisition to fulfill the low latency cell switch requirement in Rel-18. We also provide more details on UE based RACH-less to answer some of the questions raised in previous meetings. 


Discussion 
Necessity of RACH-less in LTM
In RAN1 #110bis-e meeting, it has been agreed to further study the TA acquisition solutions under two categories, “RACH-based solutions” and “RACH-less solutions” [1]:
	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)


It is known from the beginning of this feMoB work, RACH-based solutions and RACH-less solutions will be used in different mobility scenarios. In fast cell switch (leaving current serving and connecting to new serving cell) scenarios, low latency RACH-less solution is desirable. With the major RAN1 decisions and progresses were made on PDCCH ordered RACH in last meeting, we would re-focus on the RAN1 working assumption of UE-based RACH-less solution.
In previous contribution [4], we discussed in details on limitations of PDCCH ordered early RACH. It largely depends on that the connection with the source serving cell is maintained in good condition for long enough time, i.e., the source serving Pcell to target Pcell switch does not happen soon. For example, in the DC scenarios, the UE maintains the connection with the serving PCell when performing RACH on candidate PSCell(s) for PSCell addition, change or activation. While in common mobility scenarios cell switches do occur, and there is a time window for the UE to move across the source and target cell coverage overlapped area. Not like the RRC pre-configuration, a RACH cannot be performed too early before the UE enters the coverage window and synchronizes with the target cell. If the UE already moves out of the coverage window before the target TA is received, more service interruption or even a handover failure (HOF) could occur.
Based on RAN1 agreements [2][3], PDCCH ordered RACH requires the TA to be delivered to the UE from the serving cell by cell switch command or RAR. The latency of PDCCH ordered RACH in inter-DU LTM, i.e., the time from the RACH is triggered to the UE receives target cell TA, is increased on top of existing RACH delay by additional backhaul delay for delivering TA from target DU to CU then from CU to source DU. With PDCCH ordered RACH, if the UE moved out the coverage window into the target cell before the UE receives TA from the source cell, due to dropped link with the source cell, the UE would miss chance to receive the TA and cell switch command. In this case, HOF will occur. Therefore, PDCCH ordered early RACH could not be used in the fast mobility scenarios where source/target coverage overlapped time window is short. 
Here we reiterate the main points from [4] that PDCCH ordered RACH alone cannot fulfill the LTM low latency requirement of R18 feMoB WID:
1. RACH cannot be performed too early. Otherwise, RACH access will likely fail. 
2. Requiring the cell switch command to be issued after the source serving cell receives the target AT will increase the chance of HOF.
3. The PDCCH ordered early RACH actually increases the latency of UL synchronization. It does not help to avoid service interruption but increases the chance of HOF when it is used in fast cell switch scenarios. 
In general, PDCCH ordered RACH is only suitable in low frequency, slow UE and DC scenarios where large cell coverage overlap exists at the border area of the source and target cells, and the UE stay there for long time. The PDCCH ordered early RACH is not enough to serve the purpose of supporting the fast cell switches in LTM as required by this WID. A RACH-less solution is required.
Observation 1: PDCCH ordered RACH requires TA being delivered via network backhaul and incurs increased latency for the UE to obtain the target TA.
Observation 2: In fast cell switch scenarios, PDCCH ordered early RACH can increase the handover failure rate.
Observation 3: PDCCH ordered RACH relies on the UE stable connection with the source cell for long enough time to overcome its increased TA acquisition latency, therefore it cannot be used to fulfill the fast cell switch task required by feMoB WID.
Observation 4: Given the limitations of PDCCH ordered early RACH, RACH-less solution is required for Rel-18 feMoB.
RAN1#112 meeting agreed UE based RACH-less TA determination as a RAN1 working assumption. Based on above analysis, it is desirable for RAN1 to move forward working on this selected RACH-less scheme in R18. We propose:
Proposal 1: Confirm to support UE based RACH-less target TA determination in R18 and start to work on the details.

UE based RACH-less LTM

 Target TA determination by UE
Figure 1 illustrates that under the inter-DU inter-cell scenario, the timing relation of the reference signals at the source and target cells/TRPs and received at the UE. 



Figure 1: Inter-DU mobility source and target cells/TRPs reference timing relationship
[bookmark: _Hlk131369093]It is known If CU, DU1 and DU2 are precisely synchronized and no other factor affect their timing, the final TA of the target cell/TRP can be determined (or measured) at the UE by:
Target_TA = Source_TA + 2*RSTD
On the other hand, as we know that UE-measured TA scheme was extensively discussed under MIMO agenda and was not agreed at that time due to uncertainty on the cause of DL reception timing differences of two TRPs, i.e., the UE measured DL reference timing offset is due to not only propagation delay difference but also at least the synchronization error between two DUs. We fully agree on that the uncertainty should be resolved by taking all the factors into consideration to ensure that the UE based solution is reliable and accurate. 
[bookmark: _Hlk131370455]Normally, source DU1 and target DU2 are not precisely synchronized. There is timing offset between the (sub-frame boundaries of) source DU1 and target DU2, and the timing offset can change over the time. In addition, the fronthaul between the DU and the TRP as well as the air interface may also introduce asymmetric DL and UL propagation delay. Fortunately, the major factors among these are static or semi-static and they can be determined by the network at initial calibration and at the mobility preparation and pre-configuration phase. Then the combined factors can be configured to the UE by mobility RRC pre-configuration. In normal mobility scenario with asynchronous source and target nodes, the final TA of the target cell/TRP can be determined at the UE by:
Target_TA = Source_TA + 2*RSTD + TA_NT_Adj_Factor,
Where TA_NT_Adj_Factor is the network TA adjustment factor determined by the network which compensates the network impact factors such as timing offset between DUs and total DL/UL propagation asymmetry associated with TRPs of the source and target DUs. 
The merit of the network assisted UE Target_TA determination is that it is based on the real time measured TA currently in use for the source cell/TRP (Source_TA), and the real time measured RSTD. The Target_TA can be obtained fast and accurately.
Observation 5: For inter-DU intercell/TRP switching, the TA of the target cell/TRP can be determined by UE adjusting current Source_TA with RSTD and a network TA adjustment factor.
Based on above discussion, we propose:
Proposal 2: Adopt the UE-based target_TA determination by adjusting the current Source_TA with RSTD and the network timing adjustment.
In previous email discussion on the TA network adjustment factor, there was a question on whether the adjustment factor is still valid at the time of cell switch triggered if it is obtained at the earlier mobility preparation phase. The adjustment factor does include the source and target nodes’ timing offset. We consider it semi-static. The timing offset between the nodes (e.g., DUs) is mainly due to their local clock drifting. Clock drifting is normally a much slower process than mobility activities. For accurate clocks, it will take hours for drifting 1us. With low-cost clock it can still take tens of minutes to drift 1us. Before the clock drifting can cause intolerable timing offset, pre-configured cell switch has been completed. The subsequent delta configurations for sequential LTM can update the nodes timing offset in time. Therefore, the network nodes timing offset determined at the LTM preparation phase should be valid at the UE execution of the cell change. In fact, the source/target nodes timing offset determined by the CU is per node pair and can be used for many UEs which perform LTM within the same short period. 
Observation 6: Normally, the source node and candidate node timing offset change due to clock drifting is much slower than mobility activities. Therefore, the TA_NT_Adj_Factor determined and RRC configured to the UE at LTM preparation phase is valid at cell switching.
Based on above discussion and observations, if companies still think the network compensation at pre-configuration is not enough, we can use cell switch command to address the issue. Since in cell switch command MAC CE there will be a TA field specified for the target TA (for PDCCH-ordered RACH), when UE based RACH-less is enabled, this field can be used to carry the dynamic adjustment plus the delta source TA.
Proposal 3: If necessary, consider using the cell switch command to carry dynamic delta timing offset between source and target nodes, together with the latest delta source TA.  
In previous meetings, some companies are in favor of adopting LTE RACH-less HO. There are two scenarios in which LTE RACH-less HO is allowed: 1) The source cell and target cell are collocated, source_TA = Target_TA; 2) The target cell is very small, target_TA = 0. In fact, the LTE allowed RACH-less HO scenarios can be also included and supported in UE based RACH-less cell switch scheme as two specific cases. The LTE scenario 1) is the case RSTD = 0 and TA_NT_adj_Factor = 0 in the UE based scheme. LTE scenario 2) is the case 2*RSTD = - Source_TA - TA_NT_adj_Factor in the UE based scheme. The RACH-less mechanism of LTE (such as pre-configured UL grant) may be reused in this scheme. 
Observation 7: LTE RACH-less HO can only be used in two mobility corner cases. The two cases can be covered by UE based RACH-less scheme.
In response to the request from some companies for details of the proposed UE based target TA acquisition, here is the suggested procedure of the UE based TA solution:
1. [bookmark: _Hlk126750072]At preparation phase, a TA network adjustment factor is configured to the UE via RRC pre-configuration message for compensation in source/target asynchronous scenarios. The factor is set to 0 for synchronous case. 
2. [bookmark: _Hlk126751671]At DL synchronization phase, upon acquiring/synchronizing with a candidate reference signal (e.g. SSB), the UE measures the timing difference between its locally tracked source cell reference signal timing and the candidate reference signal timing, which is the source-candidate RSTD. Then the UE tracks the candidate reference signal by updating and storing the RSTD.
3. When cell-switch is triggered, the source cell sends the latest source cell delta TA and source/target cell delta timing offset with the cell switch command to the UE. The cell switch command also indicates the target beam(s). 
4. Upon the reception of the cell switch command, the UE derives update from current serving cell TA:
                 delta Target_TA = delta Source_TA + 2*RSTD + TA_NT_Adj_Factor
5. Then the UE adjusts its source timing advance with delta Target_TA and applies it on top of the timing of the UE locally tracked target reference signal for RACH-less UL data transmission to the target cell.
It should be pointed out: the step 2 in the UE based RACH-less procedure is anyway performed for early DL synchronization with a candidate cell.
Observation 8: From the details of UE based RACH-less scheme, its complexity and impact to standards is moderate.
Initial UL transmission when RACH-less access target cell
When RACH-less access to the target cell is enabled, upon received the cell switch command, the UE determines and applies the target TA and performs initial UL transmission to the target cell. In order to support RACH-less initial UL transmission to the target cell, the LTE pre-configured grant mechanism can be adopted.
Proposal 4: For RACH-less initial UL transmission to the target cell, the LTE pre-configured grant mechanism can be adopted. FFS the contents of initial UL transmission.
The transmission timing of the RACH-less initial UL transmission should follow the received target reference signal timing plus the UE determined target TA.
Observation 9: Upon received cell switch command, the UE performs the initial UL transmission to the target cell following the target cell reference timing and target TA.
[bookmark: _Hlk131411804]Another function with legacy random access is to indicate the best DL beam selected by the UE. Dedicated preambles corresponding to candidate SSB/CSI-RSs are configured to the UE by RRC mobility configuration. When performing random access, the UE transmits the preamble corresponding to the selected SSB or CSI-RS to indicate the selected target SSB or CSI-RS to the target cell. 
For RACH-less access to the target, there is no dedicated preamble to serve the purpose of indicating the UE selected final target SSB or CSI-RS to the target cell. New mechanism should be developed for the UE to perform the same function. One possible solution is to preconfigure the dedicated SRSs corresponding to the candidate beams. Upon receiving the cell switch command, the UE performs RACH-less access to the target node by directly transmitting the pre-granted first message to the target DU, and transmits the pre-configured SRS corresponding to the UE finally selected SSB or CSI-RS of the target beam. The SRS helps the target cell to determine the DL beam to be used for the UE and also helps the further target TA fine tuning.
Proposal 5: Dedicated SRSs corresponding to each candidate beams are preconfigured to the UE. Upon received cell switch command, the UE performs final target beam selection and transmits the SRS corresponding to the selected target beam following the target reference timing and the UE determined TA.
[bookmark: _Ref129681832]
Conclusions
Based on above discussions, we have the following observations and proposals:
Observation 1: PDCCH ordered RACH requires TA being delivered via network backhaul and incurs increased latency for the UE to obtain the target TA.
Observation 2: In fast cell switch scenarios, PDCCH ordered early RACH can increase the handover failure rate.
Observation 3: PDCCH ordered RACH relies on the UE stable connection with the source cell for long enough time to overcome its increased TA acquisition latency, therefore it cannot be used to fulfill the fast cell switch task required by feMoB WID.
Observation 4: Given the limitations of PDCCH ordered early RACH, RACH-less solution is required for Rel-18 feMoB.
Proposal 1: Confirm to support UE based RACH-less target TA determination in R18 and start to work on the details.
Observation 5: For inter-DU intercell/TRP switching, the TA of the target cell/TRP can be determined by UE adjusting current Source_TA with RSTD and a network TA adjustment factor.
Proposal 2: Adopt the UE-based target_TA determination by adjusting the current Source_TA with RSTD and the network timing adjustment.
Observation 6: Normally, the source node and candidate node timing offset change due to clock drifting is much slower than mobility activities. Therefore, the TA_NT_Adj_Factor determined and RRC configured to the UE at LTM preparation phase is valid at cell switching.
Proposal 3: If necessary, consider using the cell switch command to carry dynamic delta timing offset between source and target nodes, together with the latest delta source TA.
Observation 7: LTE RACH-less HO can only be used in two mobility corner cases. The two cases can be covered by UE based RACH-less scheme.
Observation 8: From the details of UE based RACH-less scheme, its complexity and impact to standards is moderate.
Proposal 4: For RACH-less initial UL transmission to the target cell, the LTE pre-configured grant mechanism can be adopted. FFS the contents of initial UL transmission.
Observation 9: Upon received cell switch command, the UE performs the initial UL transmission to the target cell following the target cell reference timing and target TA.
Proposal 5: Dedicated SRSs corresponding to each candidate beams are preconfigured to the UE. Upon received cell switch command, the UE performs final target beam selection and transmits the SRS corresponding to the selected target beam following the target reference timing and the UE determined TA.
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