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1. Introduction
[bookmark: OLE_LINK1]At last meeting, RAN2 discussed L1/L2 mobility and made the following agreements [1]: 
	· Assumption: HO interruption time for L1/L2-based inter-cell mobility is the time from UE receives the cell switch command to UE performs the first DL/UL reception/transmission on the indicated beam of the target cell. FFS if TRS tracking after HO and CSI RS measurement should also be included, i.e. the time to use a high-performance beam (can be clarified further).
· Assumption: To reduce HO interruption time, investigate e.g. solutions to reduce the time for UE reconfiguration (already in the WID), downlink and uplink synchronization after handover decision (other parts of dynamic switch not precluded).
· Confirm to Support L1/L2-based inter-cell mobility for inter-DU scenario (as well as intra-DU scenarios).  
· The design for intra-DU and inter-DU L1/L2-based mobility should share as much commonality as reasonable. FFS which aspects need to be different.
· R2 assumes that L2 is continued whenever possible (e.g. intra-DU), without Reset, with the target to avoid data loss, and the additional delay of data recovery.
· ICBM is one scenario considered for L1L2 mobility, but is not the only one, and is not a prerequisite for using L1L2 mobility.
· RAN2 to consider preparation of target cell configurations capable of dynamic switching without need for full configuration.
· Measurement delay can/may be considered in this work
· Assume that we rely on L1 measurements to trigger L1L2 mobility (still measurement for preparation could be L3, FFS)
· R2 will initially focus on PCell mobility. 
· R2 assumption: Rel-18 L1/L2 mobility includes both non-CA (PCell only) and CA scenarios (PCell and SCell). This includes the following cases
a) the target PCell/target SCell(s) is not a current serving cell (CA  CA scenario with PCell change)
b) FFS the target PCell is a current SCell
c) FFS the target SCell is the current PCell.
· DC scenarios are FFS (e.g. PSCell mobility may be a low hanging fruit FFS). 
· Current options on the table: to configure a L1/L2 inter-cell mobility candidate cell:
a.	One RRCReconfiguration message for candidate target cell
b.	One CellGroupConfig IE for each candidate target cell
c.	One SpCellConfig IE for each candidate target cell



In this contribution, we discussed some open issues on dynamic switch for L1/L2 mobility.
2. Discussion
2.1 Triggering mechanism of L1/L2 mobility
Currently, L3 mobility can be triggered by the NW (e.g. legacy HO, DAPS HO) via RRC signalling, or by the UE (e.g. CHO) based on the NW pre-configured candidate cell configurations and execution conditions. Similarly, these two triggering mechanisms could be considered for L1/L2 mobility: 
· Solution 1: NW based triggering mechanism; 
· Solution 2: UE based triggering mechanism. 
For NW based triggering mechanism, 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, which is under the NW’s full control, so it’s straightforward to support NW based triggering mechanism for L1/L2 mobility as the first priority. 
Proposal 1: NW based triggering mechanism (i.e. triggering cell switch via L1/L2 signalling) is supported as the first priority. 
For UE based triggering mechanism, the CHO-like solution can be considered to improve the mobility robustness. The NW can provide pre-configured execution conditions with candidate cell configurations to the UE. Then 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/and L3 measurements for candidate cells. Besides, to make full use of the pre-configured candidate cell configurations, 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 L1/L2 mobility failure. Thus, UE based triggering mechanism can be considered as a complementary solution for NW based triggering mechanism, e.g. when NW triggering mobility fails.
Proposal 2: 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 based triggering mobility fails.
Regarding the triggering criteria, it is assumed that we rely on L1 measurements to trigger L1/L2 mobility. Thus, for intra-DU mobility, it’s straightforward that the serving DU can decide which candidate cell(s) to be activated/switch according to L1 measurement reports from the UE. And the serving 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 3: For intra-DU mobility, the serving DU decides which candidate cell(s) to be activated/switched based on L1 measurements for candidate cells.
Proposal 4: The cell switching command includes the activated/switched candidate cell(s) ID.
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 1: 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 considered in inter-DU case.
RAN2 has assumed that inter-DU L1/L2 mobility is triggered according to L1 measurements. However, L1/L2 mobility may be triggered frequently due to fast fluctuation characteristic of L1 measurements, which shall cause high ping-pong HO rate and reduce the mobility robustness. Some solutions should be considered to avoid frequent ping-pong HO. There are several solutions can be considered:
· Option 1: Triggering based on both L1 measurements and L3 measurements, e.g. the NW decides to trigger L1/L2 mobility based on the L1 measurements for the serving cell as well as L1/L3 measurements for the candidate cells;
· Option 2: Triggering based on L1 measurements/report with L3-similar enhancements, e.g. define event-triggered L1 measurement report with Hysteresis, TimeToTrigger, etc. 
· Option 3: Up to NW implementation to handle the L1 measurements as the triggering criteria, e.g. the DU performs the L3 filtering for the received L1 measurements, or the DU derives cell-level L1 measurements based on L1 beam measurements.
The option 1 is a simple and straightforward solution to ensure the mobility robustness. But considering that the DU cannot directly obtain the L3 measurements, some CU/DU interaction may be required to share the L3 measurements from the CU to the DU or to transfer the L1 measurements related information from the DU to the CU, to help the DU or the CU make the final decision on mobility triggering. 
For option 2, some pre-processing on L1 measurement is performed at the UE side to improve the L1 measurement robustness, but may sacrifice some part of quick detection characteristic for L1 measurement. And more specification work may be required to support a L3-similar measurement report mechanism for L1 measurements. Option 3 may have no impact on current L1 measurement report procedure, but shall increase the complexity on L1 measurements handling at the NW side, and may also delay the triggering of L1/L2 mobility. 
Proposal 5: For inter-DU mobility, RAN2 discusses how to ensure the mobility robustness and avoid the frequent ping-pong HO. The following potential options can be considered:
· Option 1: Triggering based on both L1 measurement and L3 measurement, e.g. the NW decides to trigger L1/L2 mobility based on the L1 measurement for the serving cell as well as L1/L3 measurements for the candidate cells;
· Option 2: Triggering based on L1 measurement/report with L3-similar enhancements, e.g. define event-triggered L1 measurement report with Hysteresis, TimeToTrigger, etc. 
· Option 3: Up to NW implementation to handle the L1 measurement as the triggering criteria, e.g. the DU performs the L3 filtering for the received L1 measurements, or the DU derives cell-level L1 measurements based on L1 beam measurements.
Besides, considering that the inter-DU mobility involves with serving DU, CU and candidate DU. it should be further considered which node to decide the triggering of cell group switching/activation. If the final decision of L1/L2 mobility execution needs the CU participation, e.g. based on both L1 and L3 measurement, it would be more straightforward to let the CU make the decision. Correspondingly, we can further consider whether the switching command is sent via RRC signaling or L1/L2 signaling in inter-DU case.
Proposal 6: For inter-DU mobility, RAN2 discusses which node (e.g. CU, serving DU, candidate DU) decides the triggering of L1/L2 mobility for cell group switching/activation.
2.2 RACH-less HO
As analyzed in our accompanied contribution [2], UL sync (i.e. RACH procedure) is one of the major parts to cause mobility interruption time. To support RACH-less HO is a main point to reduce interruption time during L1/L2 mobility. 
Observation 2: To support RACH-less HO is a main point to reduce interruption time during L1/L2 mobility, i.e. to skip UL sync procedure after receiving the switching command.
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 3: 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 7: 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 to extend the supported number of TAGs.
Proposal 8: Multiple TAGs can be configured and maintained for candidate cells. RAN2 considers whether to extend the supported number of TAGs.
Besides, if TAGs are maintained and linked with candidate cells, the NW can know whether the candidate cell to be activated/switched has a valid TA, and decide whether RACH procedure is required for the L1/L2 mobility. 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. If RACH-less HO is indicated or/and TA information is received, the UE can perform RACH-less HO during L1/L2 mobility procedure.
Proposal 9: The switching command can include RACH indication(s), 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 UP handling
For UP handling during L1/L2 mobility, we think 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 10: For intra-DU mobility, PDCP re-establishment and RLC re-establishment is not required, and MAC reset can be avoided in case that RACH-less HO is available.
Proposal 11: For inter-DU mobility, MAC reset, RLC re-establishment and PDCP recovery are required. 
Currently, PDCP recovery operation is triggered by the explicit L2 indication in RRCReconfiguration, i.e. recoverPDCP IE. However, regarding the RRC model of candidate cell configurations in inter-DU scenario, it’s preferred to configure each candidate with one CellCroupConfig IE, as discussed in our companion contribution [3]. But the current CellCroupConfig does not contain any indication related to PDCP layer handling. 
Observation 4: The current PDCP recovery operation is triggered by the explicit L2 indication in RRCReconfiguration, i.e. recoverPDCP IE. But no PDCP handling related indication could be configured within the current CellCroupConfig in case that the candidate configuration is molded by one CellCroupConfig.
Thus, in order to trigger PDCP recovery operation at the UE side when performing inter-DU mobility, a PDCP recovery indication can be considered to be indicated in the switching command.
Proposal 12: The switching command can include a PDCP indication to indicate whether a PDCP recovery is required or not.
2.4 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 cannot receive the multiple retransmissions of switching command or cannot 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 can help to detect the L1/L2 mobility failure faster, e.g. earlier than RLF declaration. 
Proposal 13: 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, so it should be avoided as much as possible, considering that L1/L2 mobility may happen frequently (especially for intra-DU case). 
Observation 5: 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 14: UE based recovery solution is 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.
The flow chart for overall procedures of intra-DU and inter-DU mobility is provided in the Annex for information.
3. Conclusion and proposals
In this contribution, we discussed dynamic switch for L1/L2 mobility with the following observations and proposals:
Proposal 1: NW based triggering mechanism (i.e. triggering cell switch via L1/L2 signalling) is supported as the first priority. 
Proposal 2: 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 based triggering mobility fails.
Proposal 3: For intra-DU mobility, the serving DU decides which candidate cell(s) to be activated/switched based on L1 measurements for candidate cells.
Proposal 4: The cell switching command includes the activated/switched candidate cell(s) ID.
Observation 1: 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 considered in inter-DU case.
Proposal 5: For inter-DU mobility, RAN2 discusses how to ensure the mobility robustness and avoid the frequent ping-pong HO. The following potential options can be considered:
· Option 1: Triggering based on both L1 measurement and L3 measurement, e.g. the NW decides to trigger L1/L2 mobility based on the L1 measurement for the serving cell as well as L1/L3 measurements for the candidate cells;
· Option 2: Triggering based on L1 measurement/report with L3-similar enhancements, e.g. define event-triggered L1 measurement report with Hysteresis, TimeToTrigger, etc. 
· Option 3: Up to NW implementation to handle the L1 measurement as the triggering criteria, e.g. the DU performs the L3 filtering for the received L1 measurements, or the DU derives cell-level L1 measurements based on L1 beam measurements.
Proposal 6: For inter-DU mobility, RAN2 discusses which node (e.g. CU, serving DU, candidate DU) decides the triggering of L1/L2 mobility for cell group switching/activation.
Observation 2: To support RACH-less HO is a main point to reduce interruption time during L1/L2 mobility, i.e. to skip UL sync procedure after receiving the switching command.
Observation 3: 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 7: 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 8: Multiple TAGs can be configured and maintained for candidate cells. RAN2 considers whether to extend the supported number of TAGs.
Proposal 9: The switching command can include RACH indication(s), e.g. to indicate whether RACH-less HO is available, the TA value or TAG to be used by the activated/target cell.
Proposal 10: For intra-DU mobility, PDCP re-establishment and RLC re-establishment is not required, and MAC reset can be avoided in case that RACH-less HO is available.
Proposal 11: For inter-DU mobility, MAC reset, RLC re-establishment and PDCP recovery are required. 
Observation 4: The current PDCP recovery operation is triggered by the explicit L2 indication in RRCReconfiguration, i.e. recoverPDCP IE. But no PDCP handling related indication could be configured within the current CellCroupConfig in case that the candidate configuration is molded by one CellCroupConfig.
Proposal 12: The switching command can include a PDCP indication to indicate whether a PDCP recovery is required or not.
Proposal 13: 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 5: 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 14: UE based recovery solution is 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.
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Annex
Intra-DU mobility
An 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.
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 L1/L3 measurement and sends L1/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.
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