3GPP TSG RAN WG2 Meeting #123bis


R2-2309786
Xiamen, China, October 9th – October 13th, 2023
Source: 
Futurewei
Title: 
Support UE based TA determination and RACH-less LTM
Agenda Item:
7.4.1
Document for:
Discussion and decision
1 Introduction
In RAN2# 122 meeting, RAN2 reached some of the agreements for supporting the initial UE UL transmission for RACH-less access to the target cell in LTM [1]:

	· 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 the initial transmission at RACH-less LTM, RAN2 further agreed in last #123 meeting [2]:
	· 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 RAN1 #113 meeting, RAN1 confirmed the working assumption of supporting the UE based RACH-less TA acquisition [3]: 
	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 request, RAN4 provides their feedback on the feasibility of UE based TA determination [4]:

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 this Tdoc, following the RAN1 agreement of supporting UE based RACH-less TA determination and the RAN4 feedback LS [4], we point out in most common mobility scenarios where source and target cells are not collocated, as long as source/target cell time alignment error (TAE) can be compensated, UE based TA measurement is feasible. Therefore, RAN2 should move forward to support UE based TA determination and RACH-less for LTM, and start to discuss the detailed solutions to support the UE based TA determination from upper layer perspective, especially in inter-DU scenarios. 
2 Discussion
2.1 Support UE based RACH-less inter-DU mobility
From Rel-18 mobility enhancement WID, one can see that the scope of this WID including the intra-CU/inter-DU and the source and target cell are non-synchronized scenarios.:
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

In common mobility scenarios, for a cell switch there is a time window for the UE to move across the source and target cell coverage overlapped border area. Not like the RRC pre-configuration, the RACH cannot be performed too early before the UE enters the border area and synchronizes with the target cell. If the UE moves out of the coverage overlapping area and loses connection with the source cell before the target TA of early RACH is received, more service interruption or even a handover failure (HOF) could occur [5]. Therefore, the UE based TA measurement and RACH-less approach is the only solution which can fulfil the low latency requirement for fast cell switch mobility scenarios. 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 [3]. To further fulfil the above scope of the WID, UE based TA determination should support mobility across DUs which are generally not precisely synchronized. 
Observation 1: RACH-less LTM with UE based TA determination is the only solution meeting the low latency requirement of Rel-18 mobility WID for fast cell switch scenarios.
In last RAN2 #123 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 time difference (RSTD) 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. 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 [6]. 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 cells 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 network synchronization. 
Observation 2: To fulfil Rel-18 mobility WID, UE based TA determination should support most common mobility scenarios where source and target cells are non-collocated and generally not precisely synchronized.
Observation 3: UE based TA measurement is feasible and accurate as long as the asynchronous timing difference (i.e., TAE) between the source and target DUs/cells can be removed from UE RSTD measurement for TA determination.
The timing offset between the source and target cells is semi-static and it can be easily determined by the network at the mobility preparation and pre-configuration phase (see next session for more details). Then the adjustment for compensation of imprecise synchronization can be configured to the UE by RRC pre-configuration. When the UE determines the target TA by measuring the source/target reference signal time difference (RSTD), the network configured DL TX timing difference, which reflects TAE due to non-ideal synchronization, should be removed from the UE measured RSTD. The TAE removed RSTD is used by the UE to derive the target cell TA. Network assistance for TAE compensation is essential to allow UE based TA measurement to be used in much wider range of common mobility scenarios with non-collocated source and target cells.
Observation 4: The TAE of imprecise synchronization on the UE RSTD measurement can be indicated by the network to the UE and eliminated when the UE derives TA. It is essential for UE based TA determination.
Proposal 1: Support UE based TA measurement in imprecisely synchronized inter-cell mobility scenarios with network TAE compensation.
· The source and target cell DL TX timing difference is RRC pre-configured to the UE for TAE compensation. 
2.2 Network assistance for TAE compensation and RACH-less LTM
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Figure 1: Network assistance for UE-based RACH-less LTM in preparation phase and RRC configuration
As shown in Figure 1, the network assistance for compensation on imprecise synchronization among DUs can be performed among the CU and DUs during LTM preparation and RRC configuration. In the example illustrated in Figure 1, the function is mainly conducted in the follow steps:

In LTM preparation phase, 

2. After deciding to configure a LTM, the CU sends LTM preparation requests via F1 to the candidate DUs including timing offset check element with CU time stamp. A F1 message carrying the timing offset check with CU time stamp is also sent to the source DU.

2.1 Upon receiving the LTM preparation request, the candidate DU sends acknowledgement back to the CU with its timing offset relative to the CU, configured grant (CG) for the first data transmission at the target cell, SRSs and CG occasions associated with candidate beams. 
2.2 The source DU also responds with its timing offset relative to CU.

3. The CU provide all the candidate DUs’ configurations including TA network compensations of the candidate DUs/Cells to the source DU.

4. The source DU performs RRC pre-configuration to the UE with the UE-based RACH-less configuration parameters including candidate cells/beams and associated SRSs and CG occasions, TA compensation factors per candidate cell/TAG, per candidate cell configured grants (CG)s for first UL transmission.
6. Upon receiving the target cell access command, the UE transmits the target beam associated SRS and initial message on the target beam associated CG occasion, based on the pre-configured grant following the target cell refence timing and TA.

As discussed in previous section, the source DU and target DU are normally not precisely synchronized. There is timing offset between the source DU and target DU. 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. Therefore, the source/target cell timing difference is semi-static and it can be determined by the network at the mobility preparation phase. IEEE 1588 like time stamp method can be used for the network CU to determine the timing difference between the source and target DUs. Time stamp has been specified for positioning in RAN3 Xn specification [6] and similar one can be specified for source and target cell DL TX timing difference measurement. As illustrated in Figure 1, at the LTM preparation phase, the CU can determine the timing offset between the source and candidate DUs by sending them timing offset checks with time stamp via F1 LTM preparation messages. Upon receiving the LTM request with time stamp from the CU, the source and candidate DUs can determine their timing offsets relative to the CU given the DU/CU mid-haul delay is static and known to the DUs. Based on the source and candidate DUs reported timing offsets relative to the CU, the CU determines the timing offset between the source and target DUs. The source/target DUs’ timing difference is sent to the source DU by the CU and configured to the UE by LTM RRC pre-configuration.  

Proposal 2: RAN2 assumes the DL timing difference between the asynchronous DUs can be obtained by the CU with time stamp approach. 
Proposal 3: RAN2 assumes at the LTM preparation phase the CU determines the source/target DU DL timing difference which can be used by UE to compensate the asynchronous source and target DUs’ TAE.
Proposal 4: RAN2 assumes the CU sends all the TAE compensation factors of all the candidate DUs to the source DU/cell, and the source DU/cell configures the compensation factors to the UE through RRC LTM pre-configuration. 

Proposal 5: RAN2 sends LS to RAN3 to inform them RAN2 agreements and assumptions on network assistance for compensating the TAE caused by non-precise synchronization among DUs.
2.3 Support UE based TA determination and RACH-less at lower layer
As indicated in RAN1 agreement, 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 previously determined and maintained at the UE may become imperfect/inaccurate over the time. 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. The UE based TA measurement rely on the accuracy of the source cell TA. In order to ensure the accuracy of the target TA derived by the UE with the source TA, it is desirable to update the dynamic change of the source TA at the time of issuing cell switch command. 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.  In cell switch command MAC CE, there is an agreed TA field 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 dynamic change of the source TA.

Proposal 6: The cell switch command includes a bit field to indicate whether the UE TA measurement is enabled and the TA field contains the dynamic change of the source TA, if yes: 
· The delta change of the source TA with the associated TAG ID is included in cell switch command MAC CE.
· The UE uses the delta source TA to update the absolute source TA, and uses the updated source TA to conduct the UE based target TA determination. 
In RAN2 #122 and #123 meetings, 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
For RACH-less access to the target, there is no dedicated preamble to serve the purpose of target beam indication. As indicated in above RAN2 agreement from RAN2#122 meeting, the grant occasion is associated with the selected target beam which serves the function 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 for 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 the dedicated SRSs associated with candidate beams of the candidate cells can be preconfigured to the UE to serve the purpose target beam indication. 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 at the target cell. However, the dedicated SRS resources are also limited.

Considering the number of the candidate beams in a candidate cell and more than one UE may need to perform LTM at the same time, more resources are needed 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 7: 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.
3 Conclusions
Based on the above discussion, we have the following observations and proposals:
Observation 1: RACH-less LTM with UE based TA determination is the only solution meeting the low latency requirement of Rel-18 mobility WID for fast cell switch scenarios.
Observation 2: To fulfil Rel-18 mobility WID, UE based TA determination should support most common mobility scenarios where source and target cells are non-collocated and generally not precisely synchronized.
Observation 3: UE based TA measurement is feasible and accurate as long as the asynchronous timing difference (i.e., TAE) between the source and target DUs/cells can be removed from UE RSTD measurement for TA determination.
Observation 4: The TAE of imprecise synchronization on the UE RSTD measurement can be indicated by the network to the UE and eliminated when the UE derives TA. It is essential for UE based TA determination.
Proposal 1: Support UE based TA measurement in imprecisely synchronized inter-cell mobility scenarios with network TAE compensation.
· The source and target cell DL TX timing difference is RRC pre-configured to the UE for TAE compensation.
Proposal 2: RAN2 assumes the DL timing difference between the asynchronous DUs can be obtained by the CU with time stamp approach. 

Proposal 3: RAN2 assumes at the LTM preparation phase the CU determines the source/target DU DL timing difference which can be used by UE to compensate the asynchronous source and target DUs’ TAE.

Proposal 4: RAN2 assumes the CU sends all the TAE compensation factors of all the candidate DUs to the source DU/cell, and the source DU/cell configures the compensation factors to the UE through RRC LTM pre-configuration. 

Proposal 5: RAN2 sends LS to RAN3 to inform them RAN2 agreements and assumptions on network assistance for compensating the TAE caused by non-precise synchronization among DUs.

Proposal 6: The cell switch command includes a bit field to indicate whether the UE TA measurement is enabled and the TA field contains the dynamic change of the source TA, if yes: 

· The delta change of the source TA with the associated TAG ID is included in cell switch command MAC CE.

· The UE uses the delta source TA to update the absolute source TA, and uses the updated source TA to conduct the UE based target TA determination. 

Proposal 7: 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.
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