3GPP TSG-RAN WG2 Meeting #119 electronic          
          R2-2208455
Online, August 17 – 29, 2022
Agenda item:
8.4.2.1
Source:
CMCC
Title:
Initial considerations on L1L2 mobility
Document for:
Discussion, Decision
1 Introduction
According to the WID [1], L1/L2 mobility is identified as the objectives for Rel-18 NR mobility enhancement firstly as follows.
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 signalling [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
As indicated in the agenda and working plan provided by the Rapporteur, we need to establish a latency model and determine which parts of latency / step are expected to be enhanced and further study the applicability for the scenarios list above.
Thus, in this paper, we discuss the potential parts or performance to be enhanced based on the traditional procedures. Furthermore, we discuss the applicability and priority of the scenarios.
2 Discussion
2.1 Performance analysis and potential issue
For mobility management, several performance metrics are important for the design of the serving cell switch mechanism. Take PCell Mobility in RRC_CONNECTED (i.e., handover) as an example. To avoid the radio link failure resulted from mobility, HOF (Handover Failure), HOPP (Handover Ping-pong), HOP (Handover Probability) are all important for the robustness and reliability of the handover (HO). With the trending of cloud game, XR (eXtended Reality), the service continuities for both control plane and user plane are more critical than ever before. In another word, the HOL (Handover Latency) and HOIT (Handover Interruption time) are the key objectives for the R18 mobility enhancement.
Currently, serving cell switch is mainly based on L3 RRC procedure, especially for the SpCell switch. As shown in the figure, the procedure of HO consists of three phases: handover preparation, handover execution and handover completion. 
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Figure 1 Intra-AMF/UPF Handover
Similarly, we would like to identify the part or step to enhance for L1/L2 mobility management in three phases: Measurement and Configuration, Cell switch execution, Completion. Besides, failure handling is also considered in this contribution. In addition to latency, we also consider other performance metrics related to mobility management, e.g., robustness. The general procedure is shown in Figure 2 and the analysis for each phase is following.
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Figure 2 General procedure for L1/L2 mobililty
Measurement and Configuration
As can be seen from the figure, the configuration preparation is comprised of coordination between source node and target node which results in some latency. And the preparation (e.g., Step3~5) is triggered always when the serving cell is found in bad condition. It is more efficient to execute the switch as soon as the serving link is not good enough. Thus, the switch decision and preparation should be performed ahead of time. RAN plenary has come to the initial agreement that the pre-configuration for multiple candidate cells should be introduced. 
Observation 1: Multiple candidate cells are pre-configured to reduce the latency resulted from inter-node preparation between the source node and potential target nodes.
For the traditional HO, the L3 measurement report triggers handover initialization with both configuration preparation and handover command. For the switch with pre-configured cell, the measurement includes two parts: first stage measurement for the pre-configuration and second stage measurement to trigger the switch command. That is, based on the first stage measurement report, NW estimates the cell switch for the UE and select the potential target nodes. Based on the second stage measurement, NW chooses the target cell and UE applies the stored configuration of the selected cell.
Observation 2: L1/L2 mobility includes two-stage measurements: first stage measurement for the pre-configuration and second stage measurement to trigger the switch command.
L3 measurement and the corresponding report are important to the radio link management since it is a result based on measurements in a period of time and the L3 filter. The possibility of ping-pong between serving cells could be reduced based on the handling like L3 filtering and event-based reporting. Compared with L3 measurement, L1 measurement is useful for the procedure which requires actions with minimum delay. Although latency is the key performance for this WID, the robustness is also important for mobility management. Thus, for L1/L2 mobility, the measurement in different stages can be considered separately based on the characteristic of L1 measurement and L3 measurement mentioned above. To avoid ping-pong switch between serving cell and candidate cells, RAN2 should balance the latency and robustness, especially for the pre-configuration phase. L3 measurement is more suitable for the pre-configuration phase to improve the robustness.
Observation 3: Robustness for L1/L2 mobility should also be considered, especially for the pre-configuration phase.

Proposal 1: L3 measurement is reused for the pre-configuration phase to improve the robustness. 
During the traditional serving cell switch, UE reported measurements including beam-related information is transmitted to the target only if available. However, for L1/L2 mobility management, we assume the switch is triggered by a beam-level indication. Thus, the Handover Request message should include UE reported measurement information with beam-related information since the target needs the beam measurement results to prepare the L1/L2 mobility. 

Observation 4: UE reported measurement information including beam-related information is necessary for the target to prepare the L1/L2 mobility.
Cell switch execution 

As discussed above, the periodical L3 measurement report leads to longer latency. During the execution phase, it is important to trigger the switch as soon as the beam-level measurement meets the condition. L1 measurement should be employed to reduce the latency and interruption time. Unlike the R17 ICBM, L1/L2 mobility aims to cell swich. But, L1 measurement may generate the ping-pong problem due to its unstableness. Thus, L1 measurement and reporting should be enhanced to meet other performance metrics, such as HOPP.
Proposal 2: L1 measurement is employed for triggering the cell switch to reduce the latency. Enhancement is needed to improve the robustness.
Based on the L1 measurement, the cell switch execution could be triggered by the NW-controlled command (i.e., L1/L2 signalling) or UE-based evaluation. Explicit NW-controlled command enables fast switch trigger via DCI or MAC CE and could achieve a certain level of reliability. The design of the command could reuse R17 ICBM as the baseline. That is, the content of the indication may include the following information (explicitly or implicitly): the select beam, cell switch indication, TCI state. The design of the indication could be further discussed based on the results of the basic questions. UE-based evaluation may further reduce the trigger latency since UE executes the switch as soon as the measurement meets the pre-configured condition. However, unlike the CHO with L3 measurement, L1/L2 mobility mechanism may utilize L1 measurement to evaluate the switch condition. UE may suffer from more switch ping pong via UE-based evaluation for the short-term variation of L1 measurement. However, UE-based evaluation could be employed under some circumstances like execution failure and failed command reception.
Proposal 3: The execution based on the L1 measurement could be triggered by the NW-controlled command (as baseline) or UE-based evaluation (as complement).
Proposal 4: The source gNB triggers the serving cell switch via L1/L2 signalling. The potential contents in the command are FFS. 

Random access with UL synchronization to the target cell may also result in some delays after receiving the switch command. To avoid the delay resulted from the RACH, RACH-less cell switch is worth to considered for L1/L2 mobility management. During the legacy RACH-less procedure, valid TA is obtained or maintained for UL synchronization before the NW access indication.  Which means, after receiving the NW switch command, UE is able to access the target cell without the latency brought by RACH. TA maintenance or retrieve of the target cell is important to enable RACH-less L1/L2 mobility, especially for the non-synchronized scenario. Currently, PDCCH order is used when UL non-synchronization happens in the serving cell. NW utilizes the special DCI format to indicate the UE to tigger the RACH procedure and other related information for TA retrieve. For the target cell (non-serving cell) for L1/L2 mobility, similar mechanism could be introduced to ensure the valid TA upon cell switch execution.
Proposal 5: RAN2 is kindly asked to support RACH-less cell switch for L1/L2 mobility management. 
Proposal 6: Valid TA of the target cell should also be obtained before the cell switch execution. Details are upto RAN1.
Completion
For the legacy procedure, the UE completes the by sending RRCReconfigurationComplete message to target gNB. If NW sends L1/L2 signalling to triggered the cell switch execution, it still needs further discussion about the completion indication from UE. Similarly, L1/L2 signalling also could be reused for the switch completion to reduce the latency.
Proposal 7: RAN2 is kindly asked to consider if a new type of completion indication e.g., L1/L2 signalling, is employed for the L1/L2 mobility.
Failure handling
As we discussed above, NW-controlled command and UE-based evaluation have their own advantages and disadvantages. In some cases, UE is hard to successfully receive the NW command. UE-based evaluation procedure, as a complement, is more suitable for these cases. Similar to CHO-based recovery, it is more efficient to reuse pre-configured candidates for the recovery from HO failure, RLF or CHO failure. Pre-configured candidate of L1/L2 mobility could also be used to the failure handling. 
Proposal 8: UE-based evaluation L1/L2 mobility could be reused for the failure handling.
2.2 Scenario analysis

Applicable scenarios for L1/L2 mobility are identified from different dimensions. The requirement and potential enhancement may be various for different scenarios. Considering the limited TU for this WI, we prefer to focus on some scenarios first and extend the baseline solution to others if time allows. From the perspective from standalone and DC/CA, on one hand, the HO and PSCell addition/change are more important; on the other hand, R17 TRS-based mechanism already reduce some latency for the SCell activation which could be further enhanced only if needed. From the perspective from CU-DU, intra-DU should be prioritized for simplicity.
Proposal 9: RAN2 is kindly asked to prioritize the work on the SpCell (e.g., HO and PSCell addition/change) and intra-DU.
3 Conclusions
In this contribution, we list the potential part or performance to enhance. Furthermore, we identify the applicability and priority of the scenarios listed in the WID. Following observations and proposals are made in this contribution:
Observation 1: Multiple candidate cells are pre-configured to reduce the latency resulted from inter-node preparation between the source node and potential target nodes.

Observation 2: L1/L2 mobility includes two-stage measurements: first stage measurement for the pre-configuration and second stage measurement to trigger the switch command.

Observation 3: Robustness for L1/L2 mobility should also be considered, especially for the pre-configuration phase.

Proposal 1: L3 measurement is reused for the pre-configuration phase to improve the robustness. 

Observation 4: UE reported measurement information including beam-related information is necessary for the target to prepare the L1/L2 mobility.
Proposal 2: L1 measurement is employed for triggering the cell switch to reduce the latency. Enhancement is needed to improve the robustness.
Proposal 3: The execution based on the L1 measurement could be triggered by the NW-controlled command (as baseline) or UE-based evaluation (as complement).
Proposal 4: The source gNB triggers the serving cell switch via L1/L2 signalling. The potential contents in the command are FFS. 

Proposal 5: RAN2 is kindly asked to support RACH-less cell switch for L1/L2 mobility management. 

Proposal 6: Valid TA of the target cell should also be obtained before the cell switch execution for RACH-less cell swich. Details are upto RAN1.

Proposal 7: RAN2 is kindly asked to consider if a new type of completion indication e.g., L1/L2 signalling, is employed for the L1/L2 mobility.

Proposal 8: UE-based evaluation L1/L2 mobility could be reused for the failure handling.
Proposal 9: RAN2 is kindly asked to prioritize the work on the SpCell (e.g., HO and PSCell addition/change) and intra-DU.
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m:UE;
s:Source gNB;
t:Target gNB;
a:AMF;
u:UPF(s);

|||;
mark HPstart;
m<=>s: User Data [au];
join s<=>u: User Data [au];
s--a:0.Mobility control information provided by AMF [br];
m--s:1.Measurement Control and Reports [br];
s--s:2. Handover Decision [bs];
s->t:3. HANDOVER REQUEST [ac];
t--t:4. Admission Control [bs];
t->s:5. HANDOVER REQUEST\nACKNOWLEDGE [ac];
mark HPend;
m--s:6. RAN Handover Initiation [br];
s--s:Deliver buffered data\nand new data from UPF(s) [bs];
parallel m--m:Detach from old cell\nSynchronise to new cell [bs];
s->t:7a. EARLY STATUS\nTRANSER[ac];
s->t:7. SN STATUS TRANSFER[ac];
u=>s:User Data [au];
join s=>t [au];
t--t:Buffer User Data\nfrom Source gNB [bs];
m--t:8. RAN Handover Completion [br];
mark HEend;
t->s:8a. HANDOVER SUCCESS [ac];
s->t:8b. SN STATUS TRANSFER [ac]; 
u=>s:User Data [au];
join s=>t [au];
m<=>t:User Data [au];
join t=>u:User Data [au];
t->a:9. PATH SWITCH REQUEST [ac];
a--u:10. Path Switch in UPF(s) [br];
u=>s:End Marker [au];
join s=>t [au];
t<=>u:User Data [au];
a->t:11. PATH SWITCH REQUEST\nACKNOWLEDGE [ac];
t->s:12. UE CONTEXT RELEASE [ac];
mark HCend;
|||;

vertical brace HPstart->HPend:Handover Preparation [n1];
vertical brace HPend->HEend:Handover Execution [n1];
vertical brace HEend->HCend:Handover Completion [n1];
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