3GPP TSG-RAN WG2 Meeting #122
R2-2304881
Incheon, Korea, May 22- 26, 2023
Source: 
Futurewei
Title: 
On unified sequential LTM with flexible cell switch triggering and RACH-less
Agenda Item:
7.4.2.1
Document for:
Discussion and decision
1 Introduction
In RAN2# 119bis-e meeting, multiple candidate cells’ configurations and subsequent cell switches are supported. Here are some of the related agreements achieved in the meeting [1]:
· Use the term “Subsequent” LTM for the case when cell switch between L1/L2 mobility candidates is done without RRC reconfiguration in between.

· RAN2 assumes that sequential L1L2 cell change between Candidates without RRC reconfiguration can be supported. 
· RAN2 assumes that candidate cell configuration can only be modified / released by Network (FFS later whether some optimization should be applied e.g. for release). 

· For L1L2 mobility will support that candidate configurations are delta configurations on top of a reference configuration. FFS if the reference configuration is a separate reference configuration or e.g. the current configuration. 
· For L1L2 mobility, Target Pcell/SCell can be current SCell/PCell, i.e., current SCell/PCell can be configured as candidates.
In RAN2# 119bis-e meeting for CPAC, supporting selective activation of cell groups (i.e., supporting subsequent CPAC) was agreed. Here are some of the related agreements achieved in the meeting which is very similar to above sequential LTM [1]:

· Baseline procedure to support subsequent secondary cell group change (FFS if UE keeps all configurations or if those are indicated by the network, FFS support of nested configs):

· a.
Step 1: when the execution condition of a CPC candidate PScell is met, a UE performs the execution of CPC towards this candidate PScell. 

· b.
Step 2: After finishing the PSCell addition or change, the UE doesn’t release conditional configuration of other candidate PSCells for subsequent CPC, the UE continues evaluating the execution conditions of other candidate PScells. 

· c.
Step 3: When the execution condition of a candidate PScell is met, the UE performs the execution of CPC towards this candidate PSCell.

· Confirm that “CPA” selective activation of cell groups will be supported for this WI objective

· Confirm that we aim to support delta configuration, i.e. that there need to be a known reference.  

· RAN2 aim to support selective activation of cell groups without RRC reconfiguration with respect to security (FFS, need to consult with SA3 at some point in time).

In RAN2 #121bis-e meeting, some progress was made on RACH-less LTM[2]:

	· With the assumption that the UE will skip RACH in the target cell if a TA value is given in the cell switch command: It is FFS if the following TA values can be given to the UE: 

- Value 0, 

- Value indicating that the UE shall apply the TA of one source cell. 


· In RACH-based LTM, the target cell is aware of the UE’s arrival based on the reception of preamble in CFRA and on the reception of Msg3/MsgA in CBRA, like the legacy HO. 
· In RACH-less LTM, the target cell is aware of the UE’s arrival based on reception of the first UL transmission from this UE

· In RACH-less LTM, RRCReconfigurationComplete can be the content of the first UL MAC PDU/transmission to indicate UE arrival, i.e. no need to introduce any new signaling to indicate UE arrival (for the MCG-switch case)

· For RACH-based LTM, the UE considers that LTM execution procedure is successfully completed when the RACH is successfully completed.

· For RACH-less LTM, the UE considers that LTM execution procedure is successfully complete when the UE determines the NW has successfully received its first UL data.

In RAN1 #112 meeting, companies accepted and endorsed supporting UE based RACH-less TA determination as a working assumption [3]:
	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


In this Tdoc, we discuss the commonality of sequential cell switch of LTM and sequential conditional PSCell addition and change (CPAC). Due to the commonality, the sequential LTM and sequential CPAC can be discussed together. Combined/flexible source cell ordered and conditional triggered cell switch, cell addition and cell change in sequential LTM are discussed in this contribution. Following the RAN1 working assumption of supporting UE based RACH-less TA determination, we also propose to support UE based RACH-less for LTM in RAN2. 
2 Discussion
2.1 L1/L2 mobility types and commonality
In Rel-17, L3 configured and triggered handover (HO) is supported, and L3 configured and UE based on condition triggered conditional handover (CHO) is also supported. When DC is enabled, L3 configured and triggered PSCell addition and change are supported, and L3 configured and UE conditionally triggered CPAC is also supported. They can be considered as mobility under DC.
In Rel-18 feMoB discussion, we separately discuss the LTM and CPAC enhancement. It can be observed that the L3 configuration for LTM is like CHO that multiple candidates can be pre-configured. The difference is cell switch of LTM is triggered by the low layer command from the source cell, while cell switch of CHO is triggered conditionally by the UE. In terms of fast cell switch triggering, CHO is comparable to LTM. Similarly, under DC enabled scenario, CPAC is comparable to L1/L2 source cell triggered PSCell addition and change (PAC).
From the agreements achieved in RAN2#119bis and RAN2#120 meetings, we can see there are a lot of commonalities between the sequential (or “subsequent”) LTM and “selective activation of cell groups”:
1) Multiple candidates are pre-configured.
2) Upon a cell switch or cell addition/change triggered, only the new serving cell configuration is applied. 
3) After entered in the new serving cell, previous configurations for other candidates are maintained until new delta configuration or full configuration is received.

4) Delta configuration(s) is supported and is handled in the same way at the CU, source DU and candidate DU.
In fact, the AI “selective activation of cell groups” currently under discussion is to support sequential CPAC. We have the following observation: 
Observation 1: Sequential LTM and selective activation of cell groups have a lot of commonalities. 
So far, the discussion on LTM and sequential LTM is more focused on the case that DC is not enabled. When DC is enabled, it is beneficial to allow more than one SCG to be pre-configured in RRC connected but deactivated and only one SCG is allowed in activated state at one time. That is more than one SCG can be configured but deactivated and under RRC connected mode. This will facilitate a fast SCG activation to support high throughput and low interruption mobility. That only one activated SCG is allowed at one time avoids high multi-connectivity requirement on the UE capability, and only DC capability is required. 
Proposal 1: When DCCA is enabled, support sequential PSCell/SCell Addition and Change.

Proposal 2: When DC is enabled, LTM supports that the UE is configured and maintains more than one deactivated SCG but only one SCG is allowed in activated mode at one time. 
Proposal 3: When DC is enabled, sequential LTM supports PSCell addition and subsequent PSCell change. The principle that only one SCG can be activated at one time is also followed.
Proposal 4: MAC CE is used as the source cell command for deactivating previous SCG and activating new SCG.
Regarding sequential CPAC (selective activation of cell groups), the same principle should also be followed. For sequential CPC, the UE must release the previous SCG first then connect to the new SCG.
Proposal 5: When a subsequent CPC is performed, the UE performs a hard switch, i.e., releases the previous SCG then connect to the new SCG.

As discussed at the beginning of this Tdoc, the difference between LTM and CHO is source cell ordered cell switch versus the UE conditionally triggered cell switch. S-LTM supports the source cell L1/L2 ordered sequential operations including HO, and S-PAC. For DC enabled case, the sequential conditional operation of S-CPAC has been discussed and agreed in this AI 8.4.3. We assume when DC is not enabled, sequential CHO should also be supported.
Proposal 6: RAN2 confirms that sequential CHO is supported.
2.2 Unified NW ordered or conditional triggered sequential mobility
In high frequency, fast mobility and irregular cell coverage scenarios with various UE trajectory situations, a UE could switch from one cell to another cell very quickly. In pre-configured sequential mobility, on the trajectory of the UE there could be certain cell(s) whose time of stay (ToS) is too short to wait for L1 report then the source cell makes the cell switch decision. In those scenarios, it seems the conditional cell switch (i.e., CHO) is better. Therefore, it is beneficial to allow configuring the combined source cell ordered LTM and CHO at selected candidate cells for sequential cell switches in LTM. 

In DC not enabled case, we suggest:
Proposal 7: Considers to support the combined source cell ordered LTM and conditional cell switch(es) at selected candidate cells for sequential cell switches. Source cell triggered or conditional triggered cell switches can be configured for different candidate cells at pre-configuration.
In DC enabled case, we have:
Proposal 8: Considers to support the combined source cell ordered PAC and conditional CPAC at selected candidate cells for sequential PSCell addition and changes. Source cell triggered or conditional triggered sequential PSCell addition and changes can be configured for different candidate cells at pre-configuration.

Proposal 9: RAN2 considers to consolidate the discussion on sequential L1/L2 mobility.
2.3 Support RACH-less access in sequential mobility
In our RAN1 contribution [4], we discussed in details on limitations of PDCCH ordered early RACH scheme. It largely depends on that the connection with the source cell is maintained in good condition for long enough time. 
In common mobility scenarios there are cell switches. For a cell switch 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, the RACH cannot be performed too early before the UE enters the 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 in #112bis-e meeting, 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 moves out the coverage window into the target cell before the UE receives TA from the source cell, due to it already out of the coverage of the source cell, the UE missed chance to receive the TA and cell switch command. In this case, HOF will occur. Therefore, PDCCH ordered early RACH cannot be used in the fast mobility scenarios where source/target coverage overlapped time window is short. 

Here we want to point out that PDCCH ordered RACH alone cannot fulfil the 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 issued after the source serving cell obtains the target AT can increase the chance that serving link failure before the command can be issued, therefore increase the chance of a HO failure.

3. The PDCCH ordered early RACH does not eliminate the RACH latency itself, and does not really reduce the cell switch latency. 

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. 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 2: PDCCH ordered RACH increases the latency for the UE to obtain the target TA.

Observation 3: PDCCH ordered RACH requires TA being delivered via network backhaul and incurs increased latency for the UE to obtain the target TA.

Observation 4: In fast cell switch scenarios, PDCCH ordered early RACH can increase the handover failure rate.
Observation 5: 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 fulfil the fast cell switch task required by feMoB WID.

Observation 6: 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. The basic principle of UE-based TA determination is [5]:
· If the source and target nodes (i.e., DUs) are ideally synchronized and no other factors affect the timing, the TA of the target cell can be obtained at the UE by adjusting the current source TA with the UE received source and target reference signal timing difference (RSTD).
· However, normally source and target nodes are not precisely synchronized. There is timing offset between the source and target nodes, and the timing offset can change over the time. In addition, the fronthaul and air interface may have asymmetry of DL and UL propagation delay. These factors also impact the UE based TA calculation in addition to the propagation delay. Fortunately, they are static or semi-static and can be determined by the network at initial calibration and at the mobility preparation phase, then configured to the UE. 
· In normal mobility scenario with asynchronous source and target DUs, the final TA of the target cell can be determined at the UE by the source TA, RSTD and the network adjustment factor for compensating the network synchronization error and DL/UL asymmetry impact on RSTD.
· The UE is pre-configured for mobility including the network adjustment information for TA determination at the UE. 

· Based on pre-configuration, the UE performs L1 measurement on candidate cell/beams, performs DL synchronization by tracking candidate cells’ reference signals’ timing with their RSTD updated and stored.

· Upon a cell switch/target access is triggered, the UE calculates target TA and applies it to perform the initial UL transmission.
The UE-based RACH-less solution eliminates the latency caused by RACH during mobility. It is reliable and relatively simple. The LTE supported RACH-less scenarios are also covered by the UE-based solution. The LTE preconfigured UL grant mechanism for RACH-less initial transmission to the target cell can be reused.
Proposal 10: Support network assisted UE-based RACH-less with target TA determined from current source TA, RSTD and network adjustment.
A function with legacy random access is to indicate the best DL beam as the target beam selected by the UE. Dedicated preambles corresponding to candidate SSB/CSI-RSs are configured to the UE by RRC mobility configuration for CFRA. When performing random access, the UE transmits the preamble corresponding to the selected target SSB or CSI-RS to indicate the selected target beam to the target cell. 

For RACH-less access to the target, there is no dedicated preamble to help the purpose of indicating the UE selected final target beam to the target cell. New mechanism should be developed for the UE to have the same function. There are several proposed solutions on the table. In [6], Dedicated SRSs corresponding to the candidate beams is used to indicate the target beam to the target cell. In [7], CG occasions associated with the candidate beams is proposed to indicate the target beam. In [8], combinations of CG occasions and SRSs are proposed to be used to indicate the target beam. RAN2 should discuss the alternative solutions for indicating the target beam to the target cell. 
Proposal 11: RAN2 discusses the alternatives and determine a solution for target beam indication to the target cell.

3 Conclusions
Based on the above discussion, we have the following observations and proposals:
Observation 1: Sequential LTM and selective activation of cell groups have a lot of commonalities.

Observation 2: PDCCH ordered RACH increases the latency for the UE to obtain the target TA.

Observation 3: PDCCH ordered RACH requires TA being delivered via network backhaul and incurs increased latency for the UE to obtain the target TA.

Observation 4: In fast cell switch scenarios, PDCCH ordered early RACH can increase the handover failure rate.
Observation 5: 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 fulfil the fast cell switch task required by feMoB WID.

Observation 6: Given the limitations of PDCCH ordered early RACH, RACH-less solution is required for Rel-18 feMoB.
Proposal 1: When DCCA is enabled, support sequential PSCell/SCell Addition and Change.

Proposal 2: When DC is enabled, LTM supports that the UE is configured and maintains more than one deactivated SCG but only one SCG is allowed in activated mode at one time. 

Proposal 3: When DC is enabled, sequential LTM supports PSCell addition and subsequent PSCell change. The principle that only one SCG can be activated at one time is also followed.

Proposal 4: MAC CE is used as the source cell command for deactivating previous SCG and activating new SCG.
Proposal 5: When a subsequent CPC is performed, the UE performs a hard switch, i.e., releases the previous SCG then connect to the new SCG.

Proposal 6: RAN2 confirms that sequential CHO is supported.

Proposal 7: Considers to support the combined source cell ordered LTM and conditional cell switch(es) at selected candidate cells for sequential cell switches. Source cell triggered or conditional triggered cell switches can be configured for different candidate cells at pre-configuration.
Proposal 8: Considers to support the combined source cell ordered PAC and conditional CPAC at selected candidate cells for sequential PSCell addition and changes. Source cell triggered or conditional triggered sequential PSCell addition and changes can be configured for different candidate cells at pre-configuration.

Proposal 9: RAN2 considers to consolidate the discussion on sequential L1/L2 mobility.
Proposal 10: Support network assisted UE-based RACH-less with target TA determined from current source TA, RSTD and network adjustment.
Proposal 11: RAN2 discusses the alternatives and determine a solution for target beam indication to the target cell.
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