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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 #113 meeting, RAN1 confirmed the working assumption of supporting the UE based RACH-less TA acquisition [1]: 
Agreement
Confirm the following Working Assumption, and sent LS to RAN4 to clarify the feasibility of supporting this mechanism
Working Assumption
From RAN 1 perspective, 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
In response to RAN1 LS to RAN4 on UE TA measurement, RAN4 sends back an LS explaining the different cases and factors affecting the accuracy of UE TA measurement [2]:
Existing time alignment error (TAE) (from TS 38.104) is provided below. 
	For MIMO transmission, at each carrier frequency, TAE shall not exceed 65 ns.
For intra-band contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 260ns.
For intra-band non-contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 3µs.
For inter-band carrier aggregation, with or without MIMO, TAE shall not exceed 3µs.


Due to TAE, DL timing estimation error (of both serving and target cell), serving cell TA resolution error and TA adjustment error, though UE may be able to derive the TA, the actual UL Rx timing error at the target gNB may be larger than CP and may cause performance degradation at the gNB. 
However, in some specific scenarios, for example, in FR1, where the TAE between serving cell and candidate cell is within 260ns, UE may be able to derive the TA based on UE based TA measurement and may meet the UL transmit timing requirements under good SNR condition and may not cause any performance degradation at the gNB.  
Note: TAE of 260ns corresponds to Intra-band contiguous carrier aggregation, where the CC are collocated.
In RAN2 #122 meeting, RAN2 reached the following agreement for RACH-less initial transmission to the target cell [3]:
· Configured grant can be used for RACH-less LTM, for the first UL data transmission to the target cell, the UE selects the configured grant occasion, which is associated with the beam indicated in the LTM MAC CE (as set by source cell). FFS further optimization 
Regarding configured grant (CG), in RAN2 #123 meeting, RAN2 further agreed [4]: 
· Define the association between CG occasion and beam in RRC and specify that the UE uses a CG occasion associated with the indicated beam in MAC
In this contribution, we pointed out that supporting low latency fast cell switch is required in Rel-18 feMob WID, and RACH-less LTM with UE TA measurement is the only solution which could fulfil this requirement. As indicated in RAN4 LS, the source and target DUs/cells are generally not precisely synchronized even in a synchronized network. It is essential for UE TA measurement that the time alignment error (TAE) between the source and target cells is provided to the UE by the network which is critical part of the solution for the UE to remove TAE when performing TA measurement.

Discussion 
 Target TA determination by UE for inter-DU LTM
In Rel-18 mobility enhancement WID, one can see the requirement of this WID is to support low latency fast cell switch for both intra-DU and intra-CU/inter-DU, and the source and target cell may be synchronized or non-synchronized:
1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
…
· Timing Advance management [RAN1, RAN2]
…

Note 3: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:
· Standalone, CA and NR-DC case with serving cell change within one CG
· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)
· Both intra-frequency and inter-frequency
· Both FR1 and FR2
· Source and target cells may be synchronized or non-synchronized
As discussed in previous meetings, there are fast mobility scenarios where no enough time lasts for a UE to perform RACH before or at the cell switch without causing service interruption [5]. In order to achieve the objective of minimizing latency and supporting the fast cell switches in LTM as required by this WID, RAN1 agreed to support UE based TA measurement without the need of RACH prior or during a cell switch [1]. To fulfil the WID with above scope, UE based TA measurement should support mobility not only intra-DU but also mobility across inter-DUs which are generally not precisely synchronized.
[bookmark: _Hlk146205101]In last RAN1 #114 meeting, discussion on UE based TA measurement was pending for RAN4 feasibility study and feedback. Now the RAN4 feedback LS is received which indicates that even for NR synchronized network under current minimum synchronization requirement, the time alignment error (TAE) between the source and target carriers is up to 3us. The UE measured DL reference-signal timing difference includes not only propagation paths’ delay difference but also the TAE between the source and target cells. The TAE due to imprecise synchronization is a major cause of the inaccuracy of UE TA measurement. On the other hand, the RAN4 LS also indicates that in source and target component carrier (CC) collocated scenario, TAE is less than 260 ns and is small enough for performing UE based TA measurement. It clearly suggests that UE TA measurement is feasible if impact of TAE can be removed or largely mitigated. This can be achieved by network assistance, i.e., the network measures the TAE and provides it to the UE, then the UE removes it during TA measurement/determination. After the TAE impact is removed the residue inaccuracy can be much less than 260ns. Taking 3GPP TAE test requirement as a reference, the TAE measurement accuracy at the network can achieve less than 25ns [6]. IEEE1588 like time stamp method can be used for the measurement of source/target timing difference which reflects TAE. The overall synchronization accuracy achieved by IEEE1588 is less than 100ns. The time stamp-based timing difference measurement itself can achieve much higher accuracy. The number of bits used for the measured time difference is determined by the fraction part of time stamp in the network which can be 32 bits with a granularity of 1 /2**32 second [7]. Quantization error is not a concern in this case. 
As discussed at the beginning of this contribution, UE based TA measurement has to be performed in most common mobility scenarios where source and target CCs are not collocated. In those scenarios, the TAE of the source and target CCs can be large and shall be removed during the TA measurement/derivation to meet the accuracy requirement. It is an essential part of the complete UE TA determination solution that the network provides the UE DL TX timing difference between the source and target cells for the UE to compensate the TAE of imprecise synchronization. 
[bookmark: _Hlk131370455]Fortunately, the DL timing difference between the source and target DUs/cells (reflecting TAE) is semi-static and can be easily determined by the network at the mobility preparation and pre-configuration phase. Then the source and target cell DL timing difference (DLTD) can be configured to the UE by RRC pre-configuration. In normal mobility scenario with imprecisely synchronized source and target cells, the final TA of the target cell can be determined at the UE by:
Target_TA = Source_TA + 2*(RSTD – DLTD),
where: 
RSTD is the UE received/measured reference signal shortest time difference of (the time of the subframe boundary of the reference signal from the target cell - the time of the DL subframe boundary of the reference signal from the source cell). It is a real value with sign.
DLTD is DL transmission timing difference between the source and target cells which reflects TAE, and is defined as the shortest time difference of (the time of the DL subframe boundary at the target cell - the time of the DL subframe boundary at the source cell). It is a real value with sign.
Observation 1: In order to fulfil low latency requirement of R18 feMob WID, the UE based TA measurement should be employed in most common mobility scenarios where source and target CCs are non-collocated, and DUs/cells are generally not precisely synchronized.
Observation 2: UE based TA measurement is feasible and accurate target cell TA can be obtained as long as the asynchronous timing difference (i.e., TAE) between the source and target DUs/cells can be removed from UE measured RSTD.
Observation 3: Network providing UE the DL TX timing difference of the source and target cells is essential to allow UE based TA measurement to remove the inaccuracy impact of TAE.
In previous discussions on the TA network compensation, there was a question on whether the RRC pre-configured source/target DL timing difference is still valid at the time of cell switch if it is obtained at the earlier mobility preparation phase. We consider it semi-static. The timing difference between the source and target DUs/cells 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’ new 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 difference determined by the CU is per node-pair and can be used for many UEs which perform LTM within the same short period. 
Observation 4: Normally, the source node and candidate node timing offset change due to clock drifting is much slower than mobility activities. Therefore, the DL timing difference determined and configured to the UE at LTM preparation is valid at cell switching.
Based on above discussion, we propose:
Proposal 1: Support network assisted compensation for UE based TA measurement in imprecisely synchronized inter-cell mobility scenarios.
· The source and target cell DL transmission timing difference is configured to the UE by network.
We understand that network compensation for UE TA determination has impact to RAN2 and RAN3. RAN1 should send RAN2 and RAN3 an LS to inform them the RAN1 requirement of network providing the source/target cell DL timing difference as a TAE compensation parameter for UE based TA determination scheme to achieve the desirable TA accuracy.
Proposal 2: RAN1 sends RAN2 and RAN3 an LS to inform them the RAN1 requirement of network providing the source/target cell timing difference as a TAE compensation parameter for UE based TA determination method.
[bookmark: _Hlk142425019]The source serving cell TA for derivation of target cell TA
As indicated in previous section, in UE based TA measurement scheme, the target cell TA is derived from the source cell TA and the UE measured RSTD. Since the UE continues moving in the serving cell, the source serving cell TA initially determined at UE initial location, and currently maintained at the UE may become imperfect/inaccurate over the time after the UE moves to different locations. The UE based TA measurement is rely on the accuracy of the source TA to obtain the target cell TA. In addition, in a mTRP two-TA source cell, which source cell TA is used as the source_TA for deriving target_TA should be clearly indicated to the UE with TAG ID. After the initial absolute TA is determined by RACH, the UE UL transmission is compensated by the TA. The subsequent TA measurement based on the UL signal at the serving cell can only obtain the dynamic change of the initial absolute TA. In order to ensure the accuracy of the target TA derived by the UE with the right source TA, it is desirable to update any dynamic change of the source TA at the time of issuing cell switch command.  In cell switch command MAC CE, there is a previously agreed TA field specified for the target cell TA (for PDCCH-ordered RACH). When UE based RACH-less TA measurement is enabled, this field can be indicated to carry the delta change of the source TA in the similar format as the existing Timing Advance Command MAC CE including associated TAG ID.
Proposal 3: The cell switch command indicates whether the UE based TA measurement is enabled, if yes: 
· The TA field of the cell switch command contains the delta change of the source cell TA and the associated TAG ID.

Initial UL transmission when RACH-less access target cell
[bookmark: _Hlk142429079]In RAN2 #122 and #123 meeting, RAN2 agreed to support (pre-)configured grant (CG) for RACH-less initial transmission to the target cell:

· Configured grant can be used for RACH-less LTM, for the first UL data transmission to the target cell, the UE selects the configured grant occasion, which is associated with the beam indicated in the LTM MAC CE (as set by source cell). FFS further optimization
· Define the association between CG occasion and beam in RRC and specify that the UE uses a CG occasion associated with the indicated beam in MAC 
[bookmark: _Hlk131411804]Another function of legacy random access is using dedicated preamble to indicate the best DL beam to be used by the UE to the target cell. 
For RACH-less access to the target, there is no dedicated preamble to serve the purpose. As indicated in above RAN2 agreements, the grant occasion is associated with the selected target beam which serves the purpose of indicating the selected target beam to the target cell. The limitation of this approach is that the CG occasion cycle has to be much shorter than the RACH cycle to ensure a much less latency with RACH-less LTM. As a result, the number of CG occasions will be very small which imposes a limitation on the number of candidate-beams to be pre-configured. 
An alternative solution is that dedicated SRS associated with candidate beams of the candidate cells can be preconfigured to the UE to serve the purpose. Upon a cell switch or target cell access is triggered, the UE performs the initial transmission to the target cell including to transmit SRS corresponding to the selected target beam. In addition, the dedicated SRS can be used for further target TA fine tuning. However, the dedicated SRS resources are also limited.
Considering the number of the candidate beams in a candidate cell and more than one UE maybe need to perform LTM at the same time, more resources are need for target beam indication to the target cell. Probably the better solution is to make use of both dedicated SRS and CG occasion resources to support candidate beam association for multiple UEs. For example, if 3 CG occasions and 4 dedicated SRSs are allowed, we have 12 combinations to be used for association with multiple candidate-beams for UEs in LTM. 


Proposal 4: The RACH-less initial transmission includes pre-configured SRS. 
· The SRS can be configured to be associated with candidate beams. 
· [bookmark: _Ref129681832]Upon receiving cell switch command, the UE uses specific CG occasion and transmits the SRS corresponding to the selected target beam.
When to perform UE RACH-less TA determination
In previous RAN1 meetings, several companies proposed to use low layer command to trigger the early RACH-less TA determination before a cell switch, then the UE stores the early measured TA similar to PDCCH ordered early RACH. Although it is doable if there is use case, for cell switch it is not needed to perform the target TA calculation before cell switch command is received. RAN1 already agreed to support early DL synchronization for LTM. Before cell switch, the early DL synchronization with the candidate cells/beams should be achieved first at the L1 measurement phase. The UE is already tracking the candidate reference signal(s)’ timing and storing the timing difference from its local reference timing (i.e., RSTD). When the cell switch command is received, the UE simply uses the most recently stored target reference signal timing difference and the command carried delta serving cell TA to derive the target cell TA. The target TA measured in this way is more accurate with less complexity comparing with network ordered early UE based TA measurement.
Proposal 5: UE based TA determination can be triggered by a cell switch command.
Conclusions
Based on above discussions, we have the following observations and proposals:
Observation 1: In order to fulfil low latency requirement of R18 feMob WID, the UE based TA measurement should be employed in most common mobility scenarios where source and target CCs are non-collocated, and DUs/cells are generally not precisely synchronized.
Observation 2: UE based TA measurement is feasible and accurate target cell TA can be obtained as long as the asynchronous timing difference (i.e., TAE) between the source and target DUs/cells can be removed from UE measured RSTD.
Observation 3: Network providing UE the DL TX timing difference of the source and target cells is essential to allow UE based TA measurement to remove the inaccuracy impact of TAE.
Observation 4: Normally, the source node and candidate node timing offset change due to clock drifting is much slower than mobility activities. Therefore, the DL timing difference determined and configured to the UE at LTM preparation is valid at cell switching.
Proposal 1: Support network assisted compensation for UE based TA measurement in imprecisely synchronized inter-cell mobility scenarios.
· The source and target cell DL transmission timing difference is configured to the UE by network.
Proposal 2: RAN1 sends RAN2 and RAN3 an LS to inform them the RAN1 requirement of network providing the source/target cell timing difference as a TAE compensation parameter for UE based TA determination method.
Proposal 3: The cell switch command indicates whether the UE based TA measurement is enabled, if yes: 
· The TA field of the cell switch command contains the delta change of the source cell TA and the associated TAG ID.
Proposal 4: The RACH-less initial transmission includes pre-configured SRS. 
· The SRS can be configured to be associated with candidate beams. 
· Upon receiving cell switch command, the UE uses specific CG occasion and transmits the SRS corresponding to the selected target beam.
Proposal 5: UE based TA determination can be triggered by a cell switch command.
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