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1. Introduction
[bookmark: OLE_LINK1]3GPP TSG RAN Meeting #94e has approved a new work item aimed at “Further NR Mobility Enhancements”. Detailed work item description (WID) can be found in [1]. The objectives of L1/L2 based inter-cell mobility are shown 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


According to the scope of WID, L1/L2 based inter-cell mobility focuses on both intra-DU case and intra-CU inter-DU case. Given that different requirements and enhancements may be needed for these two cases, we discussed different candidate cell modelings and triggering solutions for intra-DU mobility and intra-CU inter-DU mobility, respectively. Besides, other aspects related to L1/L2 mobility procedure are discussed in this contribution as well.
2. Discussion
2.1 RRC modeling for candidate cell(s) configuration
2.1.1 Intra-DU mobility
For intra-DU mobility, since the candidate cell(s) belongs to one DU, it can be assumed no DRB level reconfiguration and security key refresh is required. And the configuration for candidate cell(s) are expected to be similar with each other, e.g. no RLC and MAC reconfiguration is expected. So per-cell level configuration for each candidate cell is preferred, to support the light reconfiguration. 
Observation 1: The configuration for candidate cell(s) within one DU are expected to be similar with each other. DRB level reconfiguration and security key refresh can be avoided, and RLC/MAC reconfiguration is unexpected.
Besides, in case of SpCell change with SCell change, multiple cell groups/combinations between SpCell and SCell(s) should be considered. It may be too heavy to pre-configure potential cell groups/combinations via cell group level RRC signalling (i.e. via CellGroupConfig). It can be up to the NW dynamically indicates the activated SpCell and combined SCell(s) in the triggering command. So no need to support cell group level reconfiguraion for the candidate cell(s) within one DU.
Observation 2: For intra-DU mobility, it can be up to the NW to dynamically switch the SpCell with SCell(s). Cell group level configuration for candidate SpCell and SCells combination may lead to heavy signaling and lack of flexibility.
Thus, it is preferred to have per-Cell level configuration for candidate cells within one DU, e.g. reuse CA modeling. The candidate cell can be configured via candidate cell AddMod/Release list within CellGroupConfig, i.e. like SCell addition/change. And each candidate cell configuration can be identified via cell configuration index.
Proposal 1: For intra-DU mobility, the candidate cell(s) within one DU is configured with per-Cell level configuration, e.g. reuse CA modeling. Multiple candidate cells are configured via candidate cell AddMod/Release list within CellGroupConfig. And each candidate cell configuration can be identified via cell configuration index.
Furthermore, the configured candidate cells is expected to be activated as either SpCell or SCell, as discussed in our accompanied contribution [2]. In order to provide much more flexibility and reduce the total number of the candidate cell, a common structure/list for candidate cells can be considered. Each entry can be configured as a candidate cell for both SpCell and SCell, e.g. SpCell specific configuration can be provided, but will only be used in case the cell is activated as SpCell. It can be up to NW to determine how to use the candidate cell, e.g. activate the candidate cell as either SpCell or SCell.
Proposal 2: A common structure/list for candidate cells is supported, each entry can be configured as a candidate cell for both SpCell and SCell. It can be up to NW to determine how to use the candidate cell, e.g. activate the candidate cell as either SpCell or SCell.
2.1.2 Intra-CU inter-DU mobility
Different from intra-DU case, multiple candidate DUs should be prepared in inter-DU cases. During candidate cell(s) configuration preparation phase, each DU will generate cell group level configuration (i.e. CellGroupConfig) for candidate cell(s) resided in the same DU. And the cell group level configuration shall be encapsulated as a container and sent to the CU. So CU will receive multiple CellGroupConfig containers from multiple DUs. And the CU is not required to decode the content of CellGroupConfig from DU. Thus it is impossible to generate per-cell level configuration for candidate cells from different DUs into one CellGroupConfig.
Observation 3: For inter-DU case, multiple CellGroupConfigs are generated by different DUs, and each one is encapsulated as a container to be sent to the CU. The CU is not required to decode the CellGroupConfigs from the DUs. So it is impossible to include per-cell level configuration for candidate cells from different DUs into one CellGroupConfig. 
Thus, the per-CellGroup level configuration can be considered for candidate cells across multiple DUs, e.g. reuse DC modeling. Multiple candidate cell groups can be pre-configured into RRCReconfiguration message, e.g. a CandidateCellGoup AddMod/Release list. And each candidate cell group configuration can be identified via cell group configuration index.
Proposal 3: For intra-CU inter-DU mobility, the candidate cells across multiple DUs are configured with per-CellGroup level configuration, e.g. reuse DC modeling. Multiple candidate cell groups are configured via CandidateCellGroup AddMod/Release list within RRCReconfiguration message. And each candidate cell group configuration can be identified via cell group configuration index.
2.1.3 Optimization on signalling overhead reduction
For L1/L2 mobility, multiple candidate cell/cell group configurations will lead to considerable signalling overhead. And for the candidate cells within one DU, the configurations are expected to be similar with each other. 
Observation 4: Multiple candidate cell/cell group configurations will lead to considerable signalling overhead. 
Thus, optimization for signaling reduction need to be considered to reduce the signaling overhead for the configuration of candidate cells/cell groups, e.g. to support delta configuration or reference configuration. The following two options can be considered:
· Alt. 1: Define one or several common template(s), and configure candidate cells or cell groups based on the template configuration(s), i.e. delta configuration based on the template(s)
· Alt. 2: Identify one or several cell(s)/cell group(s) as the reference cell(s)/cell group(s), and configure candidate cells or cell groups based on the reference cell/cell group configuration(s), i.e. delta configuration based on the reference cell/cell group configuration(s)
In Alt.1, RAN2 need to further consider how to define the template configuration, e.g. define several sets/groups of  common parameters, like LTE euCA. In Alt.2, both the serving cell and the candidate cell can be taken as a reference cell. The candidate cell configuration can include a reference cell ID and possible delta configuration based on the configuration of the reference cell. If the serving cell is also taken as a candidate cell, the entry in the candidate cell list can simply indicate a reference cell ID for the serving cell.
Proposal 4: Optimization on signaling reduction should be considered to reduce the signaling overhead for the configuration of candidate cells/cell groups:
· Alt. 1: Define one or several common template(s), and configure candidate cells or cell groups based on the template configuration(s), i.e. delta configuration based on the template(s);
· Alt. 2: Identify one or several cell(s)/cell group(s) as the reference cell(s)/cell group(s), and configure candidate cells or cell groups based on the reference cell/cell group configuration(s), i.e. delta configuration based on the reference cell/cell group configuration(s).
2.2 UE capability consumption and coordination
According to current specs, an serving cell can be either activated or deactivated. However, no matter the serving cell is activated or deactivated, the UE capability will be consumed by the configured serving cell.
Observation 5: According to the current spec, an serving cell can be either activated or deactivated. Both the activated cell and the deactivated cell will consume the UE capability.
For the L1/L2 mobility, since the UE only needs to store the RRC level configuration for candidate cells or cell groups in case the candidate cells/cell groups has not been mounted as serving cells, L1/L2 UE capability shall not be consumed by the candidate cell configured but not mounted. Since we already have a clear definition of SCell activation/deactivtion, there will be some ambiguity if we use active/deactive for the handling of candidate cell. To avoid the ambiguity, maybe a new term can be used instead (e.g. mounted or other team). Thus we give the following proposal to define the cell/cell group status for L1/L2 mobility:
Proposal 5: For each configured candidate cell/cell group, there can be three status:
· Not mounted: The candidate cell/cell group is configured but has not been mounted as a serving cell/cell group.
· Mounted but deactivated: The candidate cell/cell group is mounted as a serving cell/cell group, but the serving cell/cell group is deactivated.
· Mounted and activated: The candidate cell/cell group is mounted as a serving cell/cell group, and the serving cell/cell group is activated.
In order to avoid some ambiguity on UE capability handing, we think the main principle for L1/L2 mobility should align with the current UE capability principle for the activation/deactivation cell. Namely, only if the candidate cell is mounted as a serving cell (no matter the serving cell is activated or not), the corresponding UE capability related to the serving cell will be consumed. Otherwise (if the candidate cell is not mounted), the candidate cell configured will not consume any UE capability except the one about the maximum number of candidate cell, e.g. like the handling for CHO candidate cell. The same principle is applicable to the candidate cell group as well.
Proposal 6: If the candidate cell is mounted as a serving cell (no matter the serving cell is activated or not), the corresponding UE capability related to the serving cell will be consumed. Otherwise (if the candidate cell is not mounted), the candidate cell configured will not consume any UE capability except the one about the maximum number of candidate cell. The same principle is applicable to the candidate cell group as well.
Since the L1/L2 mobility for serving cell change within one CG is applicable to NR-DC case, the following scenarios should be considered for intra-DU L1/L2 mobility:
· L1/L2 mobility is configured in MN only.
· L1/L2 mobility is configured in SN only.
· L1/L2 mobility is configured independent in both MN and SN.
Observation 6: For intra-DU L1/L2 mobility in NR-DC case, the following scenarios can be considered: (1) L1/L2 mobility is configured in MN only; (2) L1/L2 mobility is configured in SN only; (3) L1/L2 mobility is configured independent in both MN and SN.
In NR-DC case, some inter-node capability coordination is required during the L1/L2 mobility preparation phase, to ensure that the UE capability for mounted MCG serving cells and mounted SCG serving cells shall not exceed the maximum UE capability. For example, the MN and the SN needs to coordinate some lower layer parameters, e.g. allowed BC list, power coordination, serving cell index range, etc., when preparing the candidate cell configuration within each node. With such pre-coordination between the MN and the SN, no inter-node coordination is required upon triggering of L1/L2 mobility, which enables the fast cell switch.
Proposal 7: In NR-DC case, the inter-node UE capability coordination should be performed during the L1/L2 mobility preparation phase (i.e. configuration procedure of candidate cells). No inter-node coordination is required in the L1/L2 mobility execution phase (i.e. triggering of L1/L2 mobility).
2.3 Dynamic switch mechanism
2.3.1 Triggering of L1/L2 mobility
For triggering of L1/L2 mobility, two mechanisms can be considered: 
· Solution 1: NW based triggering mechanism; 
· Solution 2: UE based triggering mechanism. 
The NW based triggering mechanism is similar to the legacy L3 HO procedure. Namely, the NW sends a triggering command via L1/L2 signalling (e.g. DCI, MAC CE) to trigger the UE switches from a source cell to a candidate cell. The overall procedure is similar with the legacy L3 HO procedure, and the procedure is simpler, so we propose to consider NW based triggering mechanism as the first priority. 
Proposal 8: NW based triggering mechanism (i.e. triggering cell switch via L1/L2 signalling) is considered as the first priority. 
For UE based triggering mechanism, the NW may provide pre-configured execution conditions with candidate cell configurations to the UE. The UE executes L1/L2 mobility when the execution condition(s) is met, i.e. like CHO. The execution conditions can be configured based on L1 measurements or L3 measurements for candidate cells. Besides, UE based triggering mobility can be taken as a fast recovery solution for failure handling. For example, the UE can autonomously trigger L1/L2 mobility to one of candidate cells when detecting RLF, BFR or NW based triggering mobility failure. So the UE based triggering mechanism can be considered as a complementary solution for NW based triggering mechanism, e.g. when NW triggering mobility fails.
Proposal 9: UE based triggering mechanism is supported as the second priority. The UE based triggering mechanism can be taken as a complementary solution for NW based triggering mechanism, e.g. when NW triggering mobility fails.
The L3 HO is usually triggered by the NW according to L3 measurement report from the UE. However, the triggering of L3 measurement report needs to experience a longer waiting time for meeting the L3 measurement events, e.g. Hysteresis, TimeToTrigger, L3 filtering. The source cell quality may suffer quick deterioration before receiving the HO command, which may finally cause HO failure. L1/L2 mobility aims to achieve fast cell switch, so the triggering decision based on L1 measurements is to be considered. However, the L1 measurement usually fluctuates greatly, so the ping-pong HO issue should be considered. And it may have different impact for intra-DU and inter-DU cases.
· Intra-DU case
In intra-DU mobility, the date interruption can be reduced as much as possible via skipping RACH procedure to access the target cell. And the protocol stack handling is also simpler, i.e. no RLC/PDCP re-establishment is required and MAC reset can also be avoid via RACH-less HO. So we think the ping-pong HO for cell switch within one DU is not a serious problem. 
Observation 7: For intra-DU mobility, considering that the data interruption can be reduced as much as possible via skipping RACH procedure to access the target cell within one DU and the protocol stack handling is simpler (e.g. no RLC/PDCP re-establishment, and may also no MAC reset), the ping-pong HO is not a serious problem. 
So it can be up to DU to decide which candidate cell(s) to be activated/switch according to L1 measurement reports from the UE. And the DU sends the switching command to the UE. The L1/L2 switching command can indicate the activated/switched candidate cell(s) ID (e.g. candidate cell index), and may also include other assistant information for accessing the activated candidate cell(s), e.g. C-RNTI, activated UL/DL BWP ID, initial TCI state, RACH indication. 
Proposal 10: For intra-DU case, the triggering of L1/L2 mobility is based on L1 measurements. 
Proposal 11: The DU decides which candidate cell(s) to be activated/switched based on L1 measurements for candidate cells, and sends switching command to the UE to indicate the activated cell ID(s).
· Intra-CU inter-DU case
Different from the intra-DU mobility, the cell switch across different DUs requires F1-UP path switching and PDCP  recovery to re-transmit the unsuccessfully transmitted downlink date packet in the old DU to the new DU. Frequent ping-pong switch may cause frequent F1-UP path switch and large date re-transmission, which may also require larger data buffer. So ping-pong issue has to be taken into account in the inter-DU mobility.   
Observation 8: Different from the intra-DU case, given that the F1-UP path switching and PDCP recovery is required for the retransmission of the unsuccessfully transmitted data packet in the inter-DU mobility, the ping-pong issue has to be taken into account.
In order to avoid frequent ping-pong HO, more robust triggering criteria should be considered. The following two alternatives can be considered:
· Alt.1: Triggering based on L3 measurement/report;
· Alt. 2: Triggering based on L1 measurement/report with L3-similar enhancements, e.g. L1 events with Hysteresis, TimeToTrigger, etc. 
Observation 9: More robust triggering criteria should be considered for the triggering of inter-DU mobility, e.g. L3 measurement/report, or L1 measurement/report with L3-similar enhancements (e.g. L1 events with Hysteresis, TimeToTrigger, etc). 
For Alt.2, the enhanced handling for L1 measurement/report makes it much similar as L3 measurement. And it shall require more work on L1 inter-cell measurement, e.g. RAN1/RAN2 need to define the L1 events with L3-similar measurement parameters, RAN2/RAN3 need to research how to configure L1 measurements for candidate cells across DUs. So we slightly prefer the Alt.1, i.e. reuse L3 measurement/report for intra-CU inter-DU mobility. Accordingly, the switch of cell group is triggered the CU. The CU sends the switching command to the UE, indicating the activated/switched candidate cell group ID. It is FFS whether the switching command is sent via RRC signaling or L1/L2 signaling.
Proposal 12: For intra-CU inter-DU mobility, the existing L3 measurement/report is reused for triggering the mobility.
Proposal 13: The CU decides which candidate cell group to be activated/switched based on L3 measurements, and sends switching command to the UE to indicate the activated cell group ID.
2.3.2 RACH-less HO
As analyzed in our accompanied contribution [2], RACH is a major part to cause latency during the mobility procedure. To support RACH-less HO is a main point to reduce interruption time during L1/L2 mobility. 
Observation 10: To support RACH-less HO is a main point to reduce interruption time during L1/L2 mobility.
The Rel-14 RACH-less HO mechanism can be considered as a start point. However, the applicable scenarios for Rel-14 RACH-less HO are limited, i.e. TA is 0 for small cell, or the candidate cell belong to the same TAG of current serving cell. So it is considered to expand the applicable scenarios to the case where TA of candidate cell is known by NW side. The NW can acquire and maintain the TA for candidate cells before sending the switching command to the UE. For example, the candidate cell can measure the UL reference signalling (e.g. SRS) sending by the UE (for the current serving cell) to acquire the valid TA. 
Observation 11: The NW can acquire and maintain the TA for candidate cells before sending the switching command to the UE, e.g. to measure the UL reference signalling sending by the UE to acquire the valid TA for candidate cell(s).
Besides, in case that the candidate cell has been used as a serving cell for the UE, the NW can maintain the TA for the last serving cell and consider the TA is still valid before TA timer expires. But the detailed TA acquisition and management is up to RAN1 discussion and decision.
Proposal 14: To support RACH-less HO for the case where TA of candidate cell is known by NW side (e.g. TA is 0 for small cell, the candidate cell belong to the same TAG of the current serving cell, or NW have valid TA of candidate cell before the switching is triggered). The detailed TA acquisition and management is up to RAN1 discussion and decision.
The NW can pre-configure and maintain multiple TAGs for candidate cells, and the candidate cell can be linked with a specific TAG. Currently, at most 4 TAGs can be supported. Considering that multiple candidate cells (e.g. at most 8, like CHO) can be configured, 4 TAGs may be not enough if different candidate cells belong to different TAG. So RAN2 may need to further consider whether need to extend the supported number of TAGs.
Proposal 15: Multiple TAGs can be configured and maintained for candidate cells. RAN2 consider whether to extend the supported number of TAGs.
The NW can know whether the candidate cell to be activated/switched has a valid TA. Upon triggering L1/L2 mobility, the NW can include RACH indication in the switching command, e.g. to indicate whether RACH-less HO is available, the TA value or TAG to be used by the candidate cell.
Proposal 16: The switching command can include RACH indication, e.g. to indicate whether RACH-less HO is available, the TA value or TAG to be used by the activated/target cell.
2.3.3 UP handling
For UP handling during L1/L2 mobility, the current protocol stack handling can be reused. For intra-DU mobility, no PDCP re-establishment and RLC re-establishment is required, and MAC reset can also be avoided in case that RACH-less HO is available. For inter-DU mobility, MAC reset, RLC re-establishment and PDCP recovery are required. 
Proposal 17: For intra-DU mobility, no PDCP re-establishment and RLC re-establishment is required, and MAC reset can be avoided in case that RACH-less HO is available.
Proposal 18: For inter-DU mobility, MAC reset, RLC re-establishment and PDCP recovery are required. 
2.3.4 Failure detection and handling
Currently, the failure detection of L3 HO is based on T304 timer. For L1/L2 mobility, we may need to further consider how to determine the mobility failure. There are two options to be considered:
· Alt.1: NW based solution, i.e. up to NW implementation, according to the response (e.g. ACK/NACK, MAC CE) from the UE to the target cell 
· Alt.2: Timer based solution, e.g. define t304-like timer
The Alt. 1 is similar to the existing beam switch handling. The NW sends the switching command to the UE and waits for the response (e.g. ACK/NACK, MAC CE) from the UE. If the NACK is received or no response is received in a certain time, the NW will re-transmit the switching command to the UE until the retransmissions reach the maximum number. From the UE perspective, if the UE can not receive the multiple retransmissions of switching command or can not successfully transmit the UL response to the NW, it’s very possible that the UE shall declare RLF, e.g. due to T310 expiry or indication from RLC that the maximum number of retransmissions has been reached. And then the RRC re-establishment shall be triggered for radio link recovery. In Alt. 2, the t304-like timer can be defined, similar to L3 HO. The UE shall start the timer upon receiving the switching command, and stop the timer upon successful completion of random access on the target cell if RACH is needed, or successful transmission of the L1/L2 indication (e.g. ACK, MAC CE) to the target cell. Upon the timer expiry, the UE declare the L1/L2 mobility failure. Either RRC timer or MAC timer can be considered. The timer based solution may help to detect the L1/L2 mobility faster. So it’s proposed to consider timer based solution.
Proposal 19: Timer based solution (e.g. define t304-like timer) can be considered for the L1/L2 mobility failure detection. FFS: whether to define the timer in MAC layer or RRC layer.
RRC re-establishment triggered by the mobility failure will cause the longer data interruption, it should be avoid as much as possible, considering that L1/L2 mobility may happen frequently (especially for intra-DU case). 
Observation 12: Considering that L1/L2 mobility may happen frequently (especially for intra-DU case), RRC re-establishment triggered by the mobility failure should be avoid as much as possible.
Since multiple candidate cells have been configured for the UE, it’s preferred to use the candidate cell for failure recovery. For example, the UE can autonomously trigger the L1/L2 mobility to access another candidate cell if the condition/threshold for that candidate cell is met.
Proposal 20: UE based recovery solution needs to be considered for the handling of L1/L2 mobility failure, e.g. the UE autonomously triggers a second L1/L2 mobility to access another candidate cell if the condition/threshold for that candidate cell is met.
2.4 L1 enhancements for inter-cell beam management
2.4.1 Inter-cell L1 measurement mechanism
Rel-17 inter-cell beam management (ICBM) has supported to perform SSB based L1 measurement on non-serving cell beam in intra-DU intra-freq case.
Observation 13: The current L1 measurement mechanism is based on SSB measurement, and only applicable to intra-DU intra-freq measurement case.
However, the current inter-cell L1 measurement is based on SSB reference signalling, which only provides coarse-grained beam management. A finer beam (i.e. CSI-RS) measurement and management is expected to be supported for L1/L2 mobility to help the UE keep good throughput after cell switch. 
Proposal 21: To support both SSB and CSI-RS based inter-cell L1 beam measurement and management.
The current inter-cell L1 measurement is based on TCI-state framework. The additional PCI information and SSB configuration for the non-serving cell (i.e. additional PCI) is configured in ServingCellConfig (i.e. per-serving cell level). And the TCI-state is linked with a specific PCI which is configured in the additional PCI list (i.e. additionalPCI-ToAddModList) in ServingCellConfig. When multiple candidate cells are configured, each candidate cell (including activated serving cell) needs to be configured with multiple additionalPCIs, and TCI-states should be associated with those PCIs, then many configurations are duplicated, which increases the signalling overhead. 
Observation 14: If the current TCI-state framework is reused for inter-cell L1 measurement for L1/L2 mobility, many duplicated configurations are required to configure candidate cells with multiple additionalPCIs, which will lead to the heavy signalling structure. 
Besides, the current inter-cell L1 measurement is only applicable to intra-DU intra-freq measurement. If we want to support inter-freq L1 measurement, some enhancements is required, e.g. to configure the frequency, smtc or measurement gap configuration with the additionalPCI in ServingCellConfig. In addition, the CSI-RS resource set configuration need to be introduced under the current TCI-state framework if CSI-RS based inter-cell measurement is to be supported. Such enhancement shall cause the current signaling structure to become more complicated and cumbersome. 
Observation 15: In order to support inter-freq L1 measurement and CSI-RS based L1 measurement, the current framework shall become more complicated and cumbersome.
Thus, for L1/L2 mobility, RAN2 need to further consider whether to reuse the current TCI-state framework for inter-cell L1 measurement, or define a new framework to make the signaling structure light and flexible. For example, the L1 measurement resource set configuration (e.g. SSB, CSI-RS configuration) can be decoupled with the serving cell configuration, i.e. to define a set of L1 measurement resource configuration parallel from the ServingCellConfig.
Proposal 22: For L1/L2 mobility, RAN2 discuss whether to reuse the current TCI-state framework for inter-cell L1 measurement, or to define a new framework, e.g. decouple the L1 measurement resource set configuration with the ServingCellConfig. 
Additionally, the inter-cell L1 measurements are configured for multiple candidate cells, and each candidate cell are associated with multiple beams to be measured. It may consume the large UE power to keep measuring all configured L1 measurements all time. With the UE’s movement, the UE may be required to only measure a few adjacent cells/beams in the switch direction. In order to save the UE power and enable flexible measurement update, the NW can dynamically active/switch the desired candidate cells/beams to be measured by the UE via L1/L2 signaling (e.g. MAC CE or DCI). For example, the NW can indicate a subset of cells/beams to be measured and reported, and then the UE is only required to measure this set of cells/beams for L1/L2 mobility.
Proposal 23: To support the dynamic activation/switch of candidate cells or beams to be measured and reported via L1/L2 signalling.
2.4.2 Beam indication
Rel-17 ICBM has supported beam change from serving cell to non-serving cell but without serving cell change. Rel-18 L1/L2 mobility aims to further support inter-cell beam change with serving cell change. Since the NW can decide which beam/TCI-state to be used by the target cell according to L1 measurements report, the NW can also include the beam indication into the switching command to trigger cell change and beam change simultaneously. Based on the proposal above, the Rel-17 unified TCI framework ( i.e. joint TCI and separate DL/UL TCI) or new TCI framework can be used to indicate the beam for the activated target cell (e.g. via TCI-state). 
Proposal 24: The switching command can also include beam indication to be used by the activated/target cell, to trigger inter-cell beam change and serving cell switch simultaneously.

2.5 Overall procedure
In this section, we provide flow charts for intra-DU mobility and intra-CU inter-DU mobility, based on analysis above. For intra-CU inter-DU mobility, we also drafted the flow chart for DU based triggering solution (i.e. triggering based on L1 measurement/report), to show the procedure and complexity for each solution better.
2.5.1 Intra-DU mobility
A overall procedure for intra-DU L1/L2 mobility is shown as the following flow chart:


Fig. 1 Intra-DU L1/L2 mobility
Step 1/2. The gNB-CU and the gNB-DU coordinate to prepare the candidate cell(s) configuration and the L1 measurement configuration via UE context modification procedure.
Step 3/4. The gNB-CU sends the RRCReconfiguration message including multiple candidate cell configurations and L1 measurement configuration on candidate cells to the UE. And the UE responses the RRCReconfigurationComplete message.
Step 5. The UE performs L1 measurement on candidate cell(s) and sends L1 measurement report to the gNB-DU.
Step 6. The gNB-DU determines the candidate cell(s) to be activated according to the L1 measurement. And the gNB-DU sends L1/L2 switching command to the UE to trigger L1/L2 mobility for accessing the activated cell(s).
Step 7/8. The UE applies the activated cell(s) configuration. If needed, the UE performs RA procedure to synchronize to the activated cell(s). The UE accesses to the activated cell(s) and completes the L1/L2 mobility procedure by sending L1/L2 UL indication (e.g. ACK) to the activated cell(s).
Step 9. The gNB-DU informs the activated cell ID(s) to the gNB-CU.
2.5.2 Intra-CU Inter-DU mobility
According to the triggering criteria (i.e. based on L1 measurement or L3 measurement), two procedures for intra-CU inter-DU mobility can be considered: (1) CU based triggering and (2) DU based triggering.
· CU based triggering procedure
A overall procedure is shown as the following flow chart:


Fig. 2 Intra-CU inter-DU L1/L2 mobility -- CU based triggering
Step 1/2. The gNB-CU and candidate gNB-DU(s) coordinate to prepare the candidate cell group(s) configuration via UE context setup procedure.
Step 3/4. The gNB-CU sends the RRCReconfiguration message including multiple candidate cell group configurations to the UE. And the UE responses the RRCReconfigurationComplete message.
Step 5. The UE performs L3 measurement and sends L3 measurement report to the gNB-CU.
Step 6. The gNB-CU determines the candidate cell group to be activated according to the L3 measurement. And the gNB-CU sends switching command to the UE to trigger L1/L2 mobility for accessing the activated cell group. FFS: the switching command is sent via L1/L2 signalling or RRC message.
Step 7/8. The UE applies the activated cell group configuration. If needed, the UE performs RA procedure to synchronize to the target gNB-DU. The UE accesses to the target gNB-DU and and completes the L1/L2 mobility procedure by sending UL indication to the target gNB-DU and the CU. FFS: the UL indication is sent via L1/L2 signalling or RRC message.
· DU based triggering procedure
A overall procedure is shown as the following flow chart:


Fig. 3 Intra-CU inter-DU L1/L2 mobility -- DU based triggering
Step 1/2. The gNB-CU and candidate gNB-DU(s) coordinate to prepare the candidate cell group(s) configuration via UE context setup procedure.
Step 2a/2b. The gNB-CU informs the configured candidate cell/CG(s) information to the source gNB-DU via UE context modification procedure. 
Note: FFS how to configure the L1 measurement for the configured candidate cell/CG(s) across DUs.
Step 3/4. The gNB-CU sends the RRCReconfiguration message including multiple candidate cell group configurations to the UE. And the UE responses the RRCReconfigurationComplete message.
Step 5. The UE performs L1 measurement and sends L1 measurement report to the source gNB-DU.
Step 6. The source gNB-DU determines the candidate cell group to be activated according to the L1 measurement. And the gNB-DU sends L1/L2 switching command to the UE to trigger L1/L2 mobility for accessing the activated cell group. The source gNB-DU also sends a Downlink Data Delivery Status frame to inform the gNB-CU about the unsuccessfully transmitted downlink data to the UE. 
Step 7/8. The UE applies the activated cell group configuration. If needed, the UE performs RA procedure to synchronize to the target gNB-DU. The target gNB-DU sends a Downlink Data Delivery Status frame to inform the gNB-CU. The UE accesses to the target gNB-DU and completes the L1/L2 mobility procedure by sending L1/L2 UL indication to the target gNB-DU. The target gNB-DU also sends an ACCESS SUCCESS message to inform the gNB-CU of which cell group the UE has successfully accessed.
Proposal 25: RAN2 take the above flow charts for intra-DU mobility and intra-CU inter-DU mobility into consideration.
3. Conclusion and proposals
In this contribution, we discussed L1/L2 inter-cell mobility with the following observations and proposals:
RRC modeling for candidate cell(s) configuration
Observation 1: The configuration for candidate cell(s) within one DU are expected to be similar with each other. DRB level reconfiguration and security key refresh can be avoided, and RLC/MAC reconfiguration is unexpected.
Observation 2: For intra-DU mobility, it can be up to the NW to dynamically switch the SpCell with SCell(s). Cell group level configuration for candidate SpCell and SCells combination may lead to heavy signaling and lack of flexibility.
Proposal 1: For intra-DU mobility, the candidate cell(s) within one DU is configured with per-Cell level configuration, e.g. reuse CA modeling. Multiple candidate cells are configured via candidate cell AddMod/Release list within CellGroupConfig. And each candidate cell configuration can be identified via cell configuration index.
Proposal 2: A common structure/list for candidate cells is supported, each entry can be configured as a candidate cell for both SpCell and SCell. It can be up to NW to determine how to use the candidate cell, e.g. activate the candidate cell as either SpCell or SCell.
Observation 3: For inter-DU case, multiple CellGroupConfigs are generated by different DUs, and each one is encapsulated as a container to be sent to the CU. The CU is not required to decode the CellGroupConfigs from the DUs. So it is impossible to include per-cell level configuration for candidate cells from different DUs into one CellGroupConfig. 
Proposal 3: For intra-CU inter-DU mobility, the candidate cells across multiple DUs are configured with per-CellGroup level configuration, e.g. reuse DC modeling. Multiple candidate cell groups are configured via CandidateCellGroup AddMod/Release list within RRCReconfiguration message. And each candidate cell group configuration can be identified via cell group configuration index.
Observation 4: Multiple candidate cell/cell group configurations will lead to considerable signalling overhead. 
Proposal 4: Optimization on signaling reduction should be considered to reduce the signaling overhead for the configuration of candidate cells/cell groups:
· Alt. 1: Define one or several common template(s), and configure candidate cells or cell groups based on the template configuration(s), i.e. delta configuration based on the template(s);
· Alt. 2: Identify one or several cell(s)/cell group(s) as the reference cell(s)/cell group(s), and configure candidate cells or cell groups based on the reference cell/cell group configuration(s), i.e. delta configuration based on the reference cell/cell group configuration(s).

UE capability consumption and coordination
Observation 5: According to the current spec, an serving cell can be either activated or deactivated. Both the activated cell and the deactivated cell will consume the UE capability.
Proposal 5: For each configured candidate cell/cell group, there can be three status:
· Not mounted: The candidate cell/cell group is configured but has not been mounted as a serving cell/cell group.
· Mounted but deactivated: The candidate cell/cell group is mounted as a serving cell/cell group, but the serving cell/cell group is deactivated.
· Mounted and activated: The candidate cell/cell group is mounted as a serving cell/cell group, and the serving cell/cell group is activated.
Proposal 6: If the candidate cell is mounted as a serving cell (no matter the serving cell is activated or not), the corresponding UE capability related to the serving cell will be consumed. Otherwise (if the candidate cell is not mounted), the candidate cell configured will not consume any UE capability except the one about the maximum number of candidate cell. The same principle is applicable to the candidate cell group as well.
Observation 6: For intra-DU L1/L2 mobility in NR-DC case, the following scenarios can be considered: (1) L1/L2 mobility is configured in MN only; (2) L1/L2 mobility is configured in SN only; (3) L1/L2 mobility is configured independent in both MN and SN.
Proposal 7: In NR-DC case, the inter-node UE capability coordination should be performed during the L1/L2 mobility preparation phase (i.e. configuration procedure of candidate cells). No inter-node coordination is required in the L1/L2 mobility execution phase (i.e. triggering of L1/L2 mobility).

Dynamic switch mechanism
Proposal 8: NW based triggering mechanism (i.e. triggering cell switch via L1/L2 signalling) is considered as the first priority. 
Proposal 9: UE based triggering mechanism is supported as the second priority. The UE based triggering mechanism can be taken as a complementary solution for NW based triggering mechanism, e.g. when NW triggering mobility fails.
Observation 7: For intra-DU mobility, considering that the data interruption can be reduced as much as possible via skipping RACH procedure to access the target cell within one DU and the protocol stack handling is simpler (e.g. no RLC/PDCP re-establishment, and may also no MAC reset), the ping-pong HO is not a serious problem. 
Proposal 10: For intra-DU case, the triggering of L1/L2 mobility is based on L1 measurements. 
Proposal 11: The DU decides which candidate cell(s) to be activated/switched based on L1 measurements for candidate cells, and sends switching command to the UE to indicate the activated cell ID(s).
Observation 8: Different from the intra-DU case, given that the F1-UP path switching and PDCP recovery is required for the retransmission of the unsuccessfully transmitted data packet in the inter-DU mobility, the ping-pong issue has to be taken into account.
Observation 9: More robust triggering criteria should be considered for the triggering of inter-DU mobility, e.g. L3 measurement/report, or L1 measurement/report with L3-similar enhancements (e.g. L1 events with Hysteresis, TimeToTrigger, etc). 
Proposal 12: For intra-CU inter-DU mobility, the existing L3 measurement/report is reused for triggering the mobility.
Proposal 13: The CU decides which candidate cell group to be activated/switched based on L3 measurements, and sends switching command to the UE to indicate the activated cell group ID.
Observation 10: To support RACH-less HO is a main point to reduce interruption time during L1/L2 mobility.
Observation 11: The NW can acquire and maintain the TA for candidate cells before sending the switching command to the UE, e.g. to measure the UL reference signalling sending by the UE to acquire the valid TA for candidate cell(s).
Proposal 14: To support RACH-less HO for the case where TA of candidate cell is known by NW side (e.g. TA is 0 for small cell, the candidate cell belong to the same TAG of the current serving cell, or NW have valid TA of candidate cell before the switching is triggered). The detailed TA acquisition and management is up to RAN1 discussion and decision.
Proposal 15: Multiple TAGs can be configured and maintained for candidate cells. RAN2 consider whether to extend the supported number of TAGs.
Proposal 16: The switching command can include RACH indication, e.g. to indicate whether RACH-less HO is available, the TA value or TAG to be used by the activated/target cell.
Proposal 17: For intra-DU mobility, no PDCP re-establishment and RLC re-establishment is required, and MAC reset can be avoided in case that RACH-less HO is available.
Proposal 18: For inter-DU mobility, MAC reset, RLC re-establishment and PDCP recovery are required. 
Proposal 19: Timer based solution (e.g. define t304-like timer) can be considered for the L1/L2 mobility failure detection. FFS: whether to define the timer in MAC layer or RRC layer.
Observation 12: Considering that L1/L2 mobility may happen frequently (especially for intra-DU case), RRC re-establishment triggered by the mobility failure should be avoid as much as possible.
Proposal 20: UE based recovery solution needs to be considered for the handling of L1/L2 mobility failure, e.g. the UE autonomously triggers a second L1/L2 mobility to access another candidate cell if the condition/threshold for that candidate cell is met.

L1 enhancements for inter-cell beam management
Observation 13: The current L1 measurement mechanism is based on SSB measurement, and only applicable to intra-DU intra-freq measurement case.
Proposal 21: To support both SSB and CSI-RS based inter-cell L1 beam measurement and management.
Observation 14: If the current TCI-state framework is reused for inter-cell L1 measurement for L1/L2 mobility, many duplicated configurations are required to configure candidate cells with multiple additionalPCIs, which will lead to the heavy signalling structure. 
Observation 15: In order to support inter-freq L1 measurement and CSI-RS based L1 measurement, the current framework shall become more complicated and cumbersome.
Proposal 22: For L1/L2 mobility, RAN2 discuss whether to reuse the current TCI-state framework for inter-cell L1 measurement, or to define a new framework, e.g. decouple the L1 measurement resource set configuration with the ServingCellConfig. 
Proposal 23: To support the dynamic activation/switch of candidate cells or beams to be measured and reported via L1/L2 signalling.
Proposal 24: The switching command can also include beam indication to be used by the activated/target cell, to trigger inter-cell beam change and serving cell switch simultaneously.

Overall procedure
Proposal 25: RAN2 take the above flow charts for intra-DU mobility and intra-CU inter-DU mobility into consideration.
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