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1 Introduction
Rel-18 mobility enhancement WID has been approved in RAN plenary [1]. The first objective is L1/L2 mobility. The following are the more detailed sub-objectives of L1/L2 mobility:
1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]

· Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signaling [RAN2, RAN1]

· L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]

· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet

· Timing Advance management [RAN1, RAN2]

· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]
Note 2: FR2 specific enhancements are not precluded, if any.

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 this contribution, based on the delay analysis on an intra-CU inter-DU handover in our companion contribution [2], high-level solutions or further work directions for Rel-18 mobility enhancement are suggested to resolve the delay issue with the major steps in the HO procedure [2]. 
2 Discussion
2.1 Current status and major issues with inter-cell mobility
For many wireless applications with high data rate and low latency requirements, inter-cell handover (HO) delay is still a major issue that causes service interruption and loss of throughput during mobility at the inter-cell coverage border areas6t. Especially, in FR2, fast moving UEs can experience significant data throughput drop and service interruption during frequent HOs.

In the mobility HO procedure, there are several steps on the time critical path of a HO that introduce large delays [2]. Using RRC message as a HO command is one of them. Up to Release 17, the mobility commands including various types of HO commands and DC PSCell addition or change requests are RRC reconfiguration messages.
The RRC reconfiguration messages introduce much more latency comparing to L2 MAC CE messages. For example, when it is used in PSCell addition, an RRC message takes 18~22ms while using MAC CE message only takes 6ms [3]. If L1 signalling, e.g. DCI is used, even less delay is expected. L1/L2 signalling has much less delay than RRC signalling. However, L1/L2 signalling message(s) cannot be large in size and can carry very limited configuration information. For mobility configuration, RRC message have to be used. The key is whether we can avoid to use the RRC message on the time critical path of a mobility procedure causing service interruption and HO performance degradation.
Random access (RA) is another step on the time critical path of the mobility procedures, including the procedures of HO, DC SCG addition/activation, CHO and CPAC, which contributes a notable portion to the total mobility delay. The delay caused by RA can vary in wide range, typical delay caused by RA to the target cell could be 11ms [2].

RACH-less access can avoid RA delay but so far it is only allowed for corner scenarios in the standards where Timing Advance (TA) of the target cell can be determined before a HO:

· In LTE, only when TA=0 (the target cell size is very small) or the TA from the source cell can be reused (source and target cells are co-located), RACH-less access is allowed

· In R17 fast SCG activation, RACH-less access to the activated PSCell is allowed only when Time Alignment Timer (TAT) is not expired and no SCG beam failure is detected

Normally, RA is required for initial UL timing alignment and initial UL TX power. So far, the UL timing alignment and TA determination are major reasons requiring UE to perform random access to the target cell during the HO. In most mobility scenarios, RACH-less HO is not allowed due to lack of accurate and reliable target TA estimation before HO.
In principle, the resolutions to address the RRC and RA delay issues are: 
· RRC message is only used for configuration but not for the triggering of the cell switch/target cell access procedure, and L1/L2 signalling can be used for triggering a mobility change procedure.
· Using RACH-less access can address the mobility delay introduced by RA

Observation 1: Currently, HO commands and DC PSCell addition or change requests are RRC reconfiguration messages which introduce notable mobility latency.
Observation 2: So far, RACH-less mobility access is only allowed in some corner scenarios.

2.2 Suggested solutions
In order to achieve the Rel-18 objective of configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells, a suggested solution is: 

· The network conducts a UE trajectory prediction based not only on the UE radio measurement report but also on other side-information. Then according to the UE trajectory prediction and UE measurement report, the network performs L3 mobility pre-configuration via RRC reconfiguration message without interruption to the L1/L2 operations during the cross-cell mobility.
· In intra-CU inter-DU scenario, one possible approach is to adopt DC like architecture as shown in Figure 1, before the measurement of the candidate cell is strong enough as in conventional HO, the network pre-configures candidate cells as if the network adds deactivated PSCells early, then conducts a seamless PSCell activation when it is triggered at a later time.
· Pre-configure and set up a split bearer with a protocol stack over the candidate cell group (similar to addition an SCG in DC. Here not necessary DC is supported).
· Pre-configure the UE early measurement/report including L1 and L3 measurements on the candidate cells/beams.
· Pre-configure the candidate target node(s) to start monitoring/detecting the UE’s UL signals/initial message. 

· Pre-reservation of the resource for access (RACH-less or RACH) to a candidate cell.
· Efficient HO pre-configuration depends on that the network correctly determines the candidate DU/Cells based on the time and trajectory prediction on the UE’s travelling.
· After the pre-configuration, based on L1 measurement report(s) from the UE, the source DU/cell sends L1/L2 signalling to the UE to activate the mobility access to the target DU/cell. The pre-configured parameters of the target cell are in effect at the moment of activation is triggered.
Figure 1 shows the architecture and protocol of the framework to realize the RRC pre-configuration and L1/L2 triggered mobility solution.
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Figure 1: Architecture and protocol of a seamless mobility scheme
Under the Rel-18 supported mobility scenario of intra-CU and inter-DU, DC based protocol structure should be adopted whenever possible. In this intra-CU inter-DU DC based architecture, PDCP is anchored at the CU, and RLC and MAC are configured at DU(s). The pre-configuration procedure involves signalling exchanges over the F1 interface and Uu air-interface as shown in Figure 1. At the fast activation step, signalling exchanges occurs at the Uu air-interface. With the frame work shown in Figure 1, the following can be achieved: 

· Allow DC based mobility;
· Achieve 0ms interruption for both DL and UL;
· Support the high throughput during the mobility.
As shown in Figure 1, RRC pre-configuration is used by the network to conduct deactivated DU/SCG early addition and fast activation when the triggering condition is met. There are three major steps in this seamless mobility frame work: 

1. One or more than one candidate DU/SCG can be pre-configured in deactivated state by a RRC message.
· With PDCP anchored at CU unchanged, the SN addition and changes including MN to SN and SN to MN role changes can be performed by RRC reconfiguration without resetting the RLC and MAC and data service interruption.

· After the UE received the RRC pre-configuration message, it performs the L1 measurement and report for all the configured candidate cells.

2. The source DU triggers inter-DU/CG fast PSCell, Scell activation based on the L1 measurement report from the UE by sending the UE L1/L2 target cell access command.
· Upon received L1/L2 signalling for activation of the access to the target cell, the UE performs RACH-less access to the target cell.
3. CU determines when a DU as a SN is deactivated or released. The CU notifies the involved SN and the UE.

· When the link with an SN (DU) cannot be maintained, the SN can be released. 
· When the link with a SN/SCG is still good but no data need to transmits, the SN/SCG can be deactivated,
· The deactivated SN/SCG can be quickly reactivated again via L1/L2 signalling upon the new data arrival.
Observation 3: In intra-CU inter-DU scenario, DC like architecture can be naturally used to support mobility.  
Another objective under the mobility enhancement WID is Timing advance (TA) management. The TA management objective should include the initial TA determination and on-going connection TA maintenance/update. This will allow multiple TAs to support dual connectivity, and use right TA for initial UL transmission of RACH-less access.

It is well known that in most cases the major difficulty to bypass random access in HO is the unknown TA for UL transmissions to the target cell. In order to achieve RACH-less access to the target cell in common mobility scenarios, it is desirable to be able to determine the TA of the target cell before the direct access. 
Observation 4:  To allow RACH-less access in common mobility scenarios, target cell TA should be determined quickly and accurately before target cell access occurs.
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Figure 2: Major steps in an intra-CU inter-DU HO procedure
Figure 2 illustrates the signalling flow for the suggested frame work of the seamless mobility corresponding to the mobility architecture demonstrated in Figure 1. In this scheme, RRC mobility pre-configuration and RRC reconfiguration complete at steps 3 and 4 are performed early and pushed into mobility preparation phase. The delay caused by the RRC messages does not interrupt the data transmission over the UE/source node connection, and does not delay the triggering of UE cell switch. The target cell access activation is triggered by a MAC CE at step 5 with much less delay than a RRC message. RACH-less access is assumed here at step 6.
Observation 5: By performing RRC pre-configuration messages early, service interruption caused by RRC messages can be avoided and HO latency is reduced to improve HO performance. 
In high frequency scenarios, especially for FR2, each cell’s coverage area is small, a UE could switch from one cell to another very quickly. One RRC pre-configuration message configuring multiple candidates and allowing consecutive L1/L2 cell switches will be much more efficient. In addition, the delay due to RRC reconfiguration could cause the network not be able to response to fast mobility changes quickly. Therefore, it is beneficial to allow RRC mobility pre-configuration maintaining valid after a L1/L2 cell switch occurs. The UE continues to perform the L1/L2 mobility based on current configuration of the rest candidates until a new RRC configuration is received. Delta configurations should be allowed for the network to instruct UE to release the invalid configurations of previously configured candidates and add the new configurations of the new candidates. The delta mobility configuration is conducted in parallel to the L1/L2 cell switch execution activities. After the initial mobility pre-configuration is performed, delta conditional configuration(s) can be conducted at any time.
Observation 6: In high frequency scenarios, it is desirable to allow RRC initial pre-configuration and delta configurations performed in parallel with consecutive L1/L2 mobility executions. 
Based on the above analysis on proposed seamless mobility solutions, we have the following proposals:
Proposal 1: RAN2 considers to adopt the seamless mobility solution with RRC mobility pre-configuration and target cell access triggered by L1/L2 signalling.
Proposal 2: RAN2 considers to adopt DC like architecture and protocol for intra-CU and inter-DU mobility.
Proposal 3: RAN2 considers to support RACH-less mobility with TA being determined before target access occurs in common mobility scenarios. 
Proposal 4: RAN2 asks RAN1 for support on quick and accurate target cell TA determination before the target cell access is triggered.
Proposal 5: RAN2 considers to allow initial pre-configuration and delta-configuration(s) maintaining valid and performed in parallel with dynamic L1/L2 mobility executions.
3 Conclusions
Based on the above discussion, we have the following observations and proposals:
Observation 1: Currently, HO commands and DC PSCell addition or change requests are RRC reconfiguration messages which introduce notable mobility latency.

Observation 2: So far, RACH-less mobility access is only allowed in some corner scenarios.

Observation 3: In intra-CU inter-DU scenario, DC like architecture can be naturally used to support mobility.

Observation 4:  To allow RACH-less access in common mobility scenarios, target cell TA should be determined quickly and accurately before target cell access occurs.
Observation 5: By performing RRC pre-configuration messages early, service interruption caused by RRC messages can be avoided and HO latency is reduced to improve HO performance.
Proposal 1: RAN2 considers to adopt the seamless mobility solution with RRC mobility pre-configuration and target cell access triggered by L1/L2 signalling.

Proposal 2: RAN2 considers to adopt DC like architecture and protocol for intra-CU and inter-DU mobility.

Proposal 3: RAN2 considers to support RACH-less mobility with TA being determined before target access occurs in common mobility scenarios. 

Proposal 4: RAN2 asks RAN1 for support on quick and accurate target cell TA determination before the target cell access is triggered.

Proposal 5: RAN2 considers to allow initial pre-configuration and delta-configuration(s) maintaining valid and performed in parallel with dynamic L1/L2 mobility executions.
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