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1 Introduction
According to RP-221799 one of the objectives of this Work Item is:
	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



In this contribution we capture the L1/L2 based inter-cell Mobility Basic Procedures Overview and we provide a qualitative and quantitative analysis of the expected performance gains. Note that we use the term “Lower Layer Mobility” or “LLM” for short instead of the “L1/L2 based inter-cell mobility” in the WI.
2	Prerequisites of Lower Layer Mobility
2.1	Lower Layer Mobility Functions and Phase Split
The Lower Layer Mobility is based on L1 measurements that are provided by the UE to the serving DU. According to the objective 1 of the WI, the purpose is to provide and maintain the configuration of multiple candidate cells to apply the fast application of each configuration. 
In the discussions during Rel.17 FeMIMO WI two types of Lower Layer Mobility have been discussed, one involving serving cell change and one not. The former has been excluded from the scope of Rel.17 and has been included in the NR_Mob_enh2 WI, whereas the latter has been specified in the context of Inter Cell Beam Management (ICBM). In the following paragraphs two approaches for Lower Layer Mobility are being analysed. In one approach the UE performs cell change without having ICBM configured before the Lower Layer Mobility whereas in the second approach ICBM is configured before Lower Layer Mobility.  
Lower Layer Mobility without ICBM applied prior to mobility
As mentioned above, Lower Layer Mobility requires the provision of the target cell configurations in advance. Figure 1 provides a draft, high-level implementation for such procedure considering only the early provision of the configurations of the candidate target cells. The procedure is split in three phases, namely Preparation, Execution, and Completion. Each phase is described below:
· Preparation Phase
· In step 1-2, the UE sends a measurement report containing the measurements of serving and target cell(s). 
· Using the reported measurements, the CU can identify a potential set of candidate target cells to which the UE can be handed over to (step 3). In this example, the CU identifies candidate target cells that are served by either source DU or another DU (i.e., target DU) which are controlled by the same CU.
· In step 4, the CU requests the preparation of a candidate target cell controlled by the target DU by sending UE Context Setup Request message.​ In step 5, the target DU provides the configuration of the UE in UE Context Setup Response messages, respectively, containing a container from DU to CU. The configuration may contain UE-specific and non-UE-specific parts.
· In step 5 the CU requests the preparation of a candidate target cell controlled by the source DU by sending UE Context Modification Request message. Similarly, the source DU provides the configuration of the UE in UE Context Modification Response message containing a container from DU to CU. The configuration may contain UE-specific and non-UE-specific parts.
· Having received the UE configurations for the candidate target cell(s), the CU generates an RRC Reconfiguration (step 8) that is sent to the UE in step 9/10. Among other information, the RRC Reconfiguration message contains:​
· Measurement reporting configuration for L1/L2 mobility, i.e., configuration on how to report the L1 beam measurements of serving and target cells.​
· Configuration of the prepared candidate cell(s) which the UE needs to execute when it receives a L2 command to change the serving cell (perform handover).​
· The UE confirms the RRC Reconfiguration to the network in step 11/12.​
· Execution Phase
· After confirming the RRC Reconfiguration to the network, the UE starts to report the L1 beam measurement of serving and candidate target cells as shown in step 13.​
· ​Upon determining that there is a target candidate cell having a better radio link/beam measurement than the serving cell (step 14), e.g., L1-RSRP of target beam measurement > L1-RSRP of serving beam measurement + Offset for a time period (i.e. Time-to-Trigger (TTT) period), the serving cell sends a MAC Control Element (MAC CE) in step 15 to trigger the cell change to the target candidate cell.​ 
· ​The handover from serving cell to target cell is executed by the UE in step 16-19. Both RACH and RACH-less based cell change should be considered.​
· Completion Phase
· UE context is released from the source DU (steps 20-21).​
· ​Path switch is performed to the new serving DU (step 22).​ 

Note: The completion phase is not expected to be impacted in Rel. 18 similar to previous NR mobility enhancements of Rel. 16 and 17.​



[bookmark: _Hlk110001867]Figure 1: Draft Lower Layer Mobility based on early provision of target cell configurations
Lower Layer Mobility with ICBM applied prior to mobility
One alternative to the above description could be based on the use of ICBM as starting point for the Lower Layer Mobility. Figure 2 provides a draft, high-level implementation for such procedure considering only ICBM configuration before triggering the Lower Layer Mobility. It should be noted that Figure2 considers ICBM and Lower Layer Mobility inter operation for Intra DU case, since ICBM is defined only for intra-DU case in Rel.17.
· Preparation Phase
· In step 1-2, the UE sends a measurement report containing the measurements of serving and target cell(s). 
· Using the reported measurements, the CU can identify a potential set of candidate target cells for ICBM and Lower Layer Mobility (step 3).
· In step 4, the CU requests the preparation of a candidate target cell controlled by the target DU by sending UE Context Setup Request message and receiving a UE Context Setup Response.​ The Response contains the TCI states’ configuration and the measurement configuration for ICBM and for Lower Layer Mobility.
· In step 5, the CU requests the preparation of a candidate target cell controlled by the source DU by sending UE Context Modification Request message and receiving a UE Context Modification Response.​ The Response contains the TCI states’ configuration and the measurement configuration for ICBM and for Lower Layer Mobility.
· In step 5, the CU requests the preparation of a candidate target cell controlled by the target DU by sending UE Context Setup Request message and receiving a UE Context Setup Response.​ The Response contains the TCI states’ configuration and the measurement configuration for ICBM and for Lower Layer Mobility.
· In step 6, the CU prepares the RRC Configurations of the serving cell for ICBM and that of the target cell for Lower Layer Mobility. The CU generates the RRC Reconfiguration that is sent to the UE in step 7/8. Among other information, the RRC Reconfiguration message contains:​
· Configuration of the source cell containing the TCI states of the target cell for ICBM
· Measurement reporting configuration for L1/L2 handover, i.e., configuration on how to report the L1 beam measurements of source and target cells.​
· Configuration of the prepared candidate cell(s) which the UE needs to execute when it receives a L2 command to change the source cell (perform handover).​
· The UE confirms the RRC Reconfiguration to the network in step 9/10.​
· Execution Phase
· After confirming the RRC Reconfiguration to the network, the UE starts to report periodically the L1 beam measurement of serving and candidate target cells as shown in step 11.​
· The DU may decide to perform ICBM between the source cell and the target cell (step 12) and it triggers ICBM using a MAC CE (step 13). Then the UE switches to ICBM operation using source cell as serving cell and the target cell for the reception of the UE dedicated physical layer channels (step 14). During ICBM the UE continues to report periodically the L1 beam measurement of serving and candidate target cells.
· ​Using the L1 beam measurements the DU may decide that the target candidate cell has a better radio link/beam measurement than the serving cell (step 15), e.g., L1-RSRP of target beam measurement > L1-RSRP of serving beam measurement + Offset for a period of time e.g., Time-to-Trigger (TTT) and decides that serving cell change is required and triggers the change of the serving cell.​ 
· ​The handover from serving cell to target cell is executed by the UE in step 17-20. Both RACH and RACH-less based cell change should be considered.​
· Completion Phase
· UE context is released for the source cell from the DU (steps 20).​
​


Figure 2: Draft Lower Layer Mobility based on Early Provision of target cell configurations and ICBM
Observation 1: Using ICBM as mandatory precondition for Lower Layer Mobility does not provide any gains regarding the preparation phase. 
Observation 2: ICBM in Rel. 17 is defined for intra DU scenarios, whereas Lower Layer Mobility according to NR_Mob_enh2 WI should be defined for both intra and inter DU scenarios. If ICBM is mandatory for Lower Layer Mobility (for intra DU) this would require the development of two Lower Layer Mobility solutions. 
Proposal 1: Rel.17 ICBM is not prerequisite for using Lower Layer Mobility.
Proposal 2: Lower Layer Mobility for intra-DU case and inter-DU case should be as common as possible. Thus, the relation between Lower Layer Mobility for intra-DU case and inter-DU should be clarified.
Proposal 3: Considering as starting point the solution of Figure 2, modification procedures are needed for Lower Layer Mobility - similarly to CHO and CPC. 
2.2	Dynamic Switching in Lower Layer Mobility
As the target configurations for L1/L2 mobility is prepared with reference to current serving cell, the stored configurations at UE for L1/L2 mobility are modifications over the current serving cell. When the configurations are dynamically switched after initial switching from serving cell, these configurations are not applicable for switching because the serving cell configuration is changed.  One way to avoid this issue to prepare full-configuration for dynamic switching. But Full configuration involves reset and reconfiguration of all layers and introduces additional interruption.  So full configuration as target configuration to be stored for Lower Layer Mobility is not efficient and hence should not be considered. 
If the cells involved in Lower Layer Mobility are within same DU, network may ensure that target configurations prepared are in such way that the modifications are done of selected parameters which are essential for serving cell change and the affected parameters are same across all the involved cells. With this preparation the UE can switch across the candidate cells from any serving cell. 
Observation 3: For dynamic switching of configuration to work from any serving cell within the involved cells, the switching of configurations should allow changing of a sub-set of the parameters of the serving cell.
Observation 4: Preparing target cell configuration as full configuration involves lower layer reset and increased interruption time even though it allows dynamic switching without configuration mismatch.
Proposal 4: RAN2 to consider preparation of target cell configurations capable of dynamic switching without need for full configuration.
For L1/L2 mobility where the UE is already provisioned with configurations of target cells for dynamic switching, both the signalling procedure and the methods to switch the configurations need to be analysed to allow efficient dynamic switching with smaller user data interruption time. Configuration of Layer 1 measurements and TCI states of target cells involved in L1/L2 mobility is needed along with preparation of the target cell configurations for serving cell change for both solutions. These configurations need to be maintained as base configuration which should not affected by serving cell change of lower layer mobility.  Otherwise, there will be RRC-Reconfiguration to modify the L1 measurements and TCI state configurations to enable switching from new cell to previous cell and other prepared cells. This modified RRC configuration should also consider minimising the signalling overhead and processing at UE for maintaining the L1 measurements and TCI state configurations of multiple target cells.
Proposal 5: RAN2 to consider RRC modelling to have L1 measurements and TCI state configurations of target cells as common configuration during L1/L2 mobility to minimize signalling overhead and improve processing efficiency at the UE.
3	Performance Analysis of Lower Layer Mobility
3.1	Qualitative Expected benefits of Lower Layer Mobility
In Lower Layer Mobility, the serving cell change is triggered based on L1 beam measurements instead of L3 cell power and quality measurements that are configured in NR baseline handover of Rel. 15. L3 cell quality measurements are reported only after some Time-to-Trigger (TTT) expires for a measurement event. L3 measurements also filtered based on L3 configuration over multiple measurements before reporting. L1 measurements have the benefit that the network can react faster to radio link degradation in the serving link as the network can save the delay introduced by L3 filtering and TTT for the handover decision. This should result in reducing in the number of radio link failures compared to baseline handover. 
Observation 5: Triggering the handover based on L1 beam measurements helps to mitigate the radio link degradation on the serving radio link, reduce radio link failure, and hand over the UE earlier to another cell with better radio link.
Another difference to L3 measurement reporting for handover or conditional handover is that the condition to trigger the execution or measurement-event for execution is set to higher value so that handover is triggered only at very good radio condition of target cell. This also introduces additional delay in switching to new cell. With L1 measurement report instantaneous measurement reports are used by DU of gNB to trigger the mobility at L2 level. In such cases the switching may also happen earlier than L3 execution condition thus there is possibility of UE ping-pong between cells compared to L3 based mobility.
Observation 6: Triggering of handover based on instantaneous L1 measurements will lead more ping pong and consecutive switching compared to L3 based mobility.
High number of consecutive handovers can impact the UE performance if it has to experience a service interruption each time it has to perform a cell change. Herein, the gain of reducing the outage in the serving radio link (by triggering the handover fast based on L1 beam measurements) will be then depleted by the increased service interrupting during consecutive handover. As such, it is essential that the interruption time during the handover is reduced for Lower Layer Mobility.
Observation 7: Minimizing the service interruption during handover essential to lessen the impact of increased ping-pongs (or consecutive handovers) in Lower Layer Mobility.
[bookmark: _Hlk110709016]Fig. 3 shows the components that contribute to the service interruption in L3 baseline handover [1][2] and which shall be reduced (as much as possible) for Lower Layer Mobility:
· RRC procedure delay consists of RRC signal processing related to decoding of handover command and L2/3 reconfiguration of the protocol layers:
· For lower layer mobility, RRC procedure delay can be reduced given that the UE can receive and decode the configuration of the target cells before the cell change occurs. 
· Moreover, since lower layer mobility is restricted to intra-CU scenario with same PDCP and RRC, L2/3 reconfigurations can be minimized by keeping the same configuration for PDCP and RRC and possibly other layers such as RLC and MAC in intra-DU scenario, i.e., in inter-DU scenario the new target cell may have differ configurations for RLC and MAC. In the best case for intra-DU, the target cell can reconfigure only the new C-RNTI which can save the entire L2/3 reconfiguration for the UE.
· Tprocessing which includes the delay for RF/baseband retuning, derivation of target gNB security keys and configuration of the security algorithm to be used in the target cell. 
· Given that the PDCP entity in the CU is the same for both source and target cells, the same security keys and algorithms can be applied which reduces the interruption time.
· TΔ is time for fine time tracking and acquiring full timing information of the target cell. Tmargin is the time for SSB post-processing and can be up to 2 ms.
· It is unclear if the signalling diagram of Lower Layer Mobility shown in Fig. 1 can have any impact on these components. RAN4 can be consulted for this matter and potentially work on enhancements, if seen feasible. 

· TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. In addition, there are the interruptions of sending PRACH preamble and receiving the RACH response (RAR).
· These random access related interruption components can be reduced in Lower Layer Mobility by introducing RACH-less handover where the UE skips the entire random-access procedure to the target cell.
· For scenarios where RACH-less cannot be applied, the UE can acquire the timing advance of the prepared target cells before the actual handover occurs.
· Transmission of RRC Reconfiguration Complete
· This message is needed by the UE to confirm to the target cell that it has applied the corresponding handover configuration.                                                                                                                
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Figure 3: Components contributing to service interruption during L3 baseline handover of NR Rel. 15.
Based on the above analysis, Lower Layer Mobility can have smaller interruption time than baseline handover by reducing at least RRC procedure delay, Tprocessing and the components that are associated with random access (TIU, transmission of PRACH preamble and waiting for the RACH response).
Observation 8: Lower Layer Mobility can have smaller interruption time than baseline handover by reducing at least RRC procedure delay, Tprocessing and the components that are associated with random access (TIU, transmission of PRACH preamble and waiting for the RACH response).
As per current specifications serving cell change (PCell change or PSCell change) requires RRC Reconfiguration to be applied with synchronisation. As part of RRC Reconfiguration with sync processing the UE should reset the MAC layer which also means that pending packets at MAC are dropped when UE switches to the new cell. This behaviour may lead to additional interruption of loss of packets during switching.  As the dynamic switching or handover trigger is controlled by L2 in L1/L2 mobility, network can manage to trigger the switching in such way to minimise the impact of MAC reset on user plane interruption.
Observation 9: With L2 controlled mobility in L1/L2 mobility the impact of MAC reset for cell switching can be minimised where DU have the flexibility to trigger the switching based on user plane situation.
3.2	Lower Layer Mobility Evaluation
In the following, we compare the performance of Lower Layer Mobility against baseline handover (BHO) and conditional handover (CHO) of Rel. 16. For the latter, we consider two cases: 1) CHO where the execution condition is evaluated using filtered L3 cell quality measurements and TTT and 2) CHO where the execution condition is evaluated with disabled L3 filtering (cell quality is the strongest L1 beam measurement) and time-to-trigger (TTT) set to 0. Case 2, denoted by CHO_L1_noTTT, is evaluated to compare the performance of CHO against L1 centric mobility in case L1 measurements are used instead of L3 cell quality for handover execution. 
Moreover, two cases are considered for Lower Layer Mobility: 1) Lower Layer Mobility where the decision to trigger the cell change is based on the L1 beam measurements, i.e., trigger the handover if L1 beam measurement of target cell is 3 dB better than serving one and 2) Lower Layer Mobility where the decision to trigger the cell change is based on filtered L1 beam measurements, i.e., additional filtering is applied by MAC to L1 beam measurements (similar to L3 filtering) . Case 1 and 2 of Lower Layer Mobility are denoted by L1 and L1-F, respectively.
The simulations are generated for a network in FR1 with a 3GPP compliant three-sector Urban Macro scenario with 200 meters Inter-site distance (ISD). The network consists of 7 sites with three cells per each site.  The users are dropped randomly with 20 UEs per cell and they are moving in a random direction along straight lines with constant speed of 60 km/h. The further details of the simulation scenarios and assumptions can be found in appendix.
Table 1 shows the parameters that are used for different handover procedures. 

Table 1: Parameters of Handover Procedures
	Parameters/Cases
	BHO
	CHO
	CHO_L1_no_TTT
	L1 
	L1-F

	HO Preparation Delay
	40 ms [3]
	40 ms 
	40 ms 
	40 ms 
	
40 ms

	Early Cell Preparation
	Not applicable
	Enabled
	Enabled
	Enabled
	
Enabled

	HO interruption time 
	80 ms [4]
	80 ms
	80 ms
	1 ms [4]
	1 ms

	L3 (IIR) Filter
	Enabled for measurement ID used for cell preparation

	Enabled for measurement ID used for cell preparation

Enabled for measurement ID used for CHO execution
	 Enabled for measurement ID used for cell preparation

Disabled for measurement ID used for CHO execution 
	Enabled for measurement ID used for cell preparation.

Disabled for HO execution

	Enabled for measurement ID used for cell preparation

Enabled for HO execution

	Time-to-Trigger (TTT) for A3 event used for handover execution
	160 ms
	160 ms
	No TTT, i.e. 0 ms
	Not applicable
	

Not applicable

	TTT of A3 event used for early handover preparation
	Not applicable
	160 ms
	160 ms
	160 ms
	


160 ms



The target cells are prepared beforehand in CHO and Lower Layer Mobility procedures. The cell preparation is initiated if the L3 cell quality cell measurement of the target cell is weaker than the serving cell quality by at most 1 dB margin. In CHO, UE can only execute the handover to a prepared target cell. For Lower Layer Mobility, UE can only report the L1-RSRP of the prepared target cells and the network can send a lower layer message to trigger the cell change to one of the prepared target cells. The interruption time for L1/L2 (RACH-less) is set to 1 ms [4], assuming that UE has decoded all the RRC configurations of the target cell beforehand and UE does not need to perform random access as timing advance (TA) is zero or the same as the serving cell, i.e., RACH-less. For other HO procedures, the interruption time is assumed to be 80 ms [4].
The mobility performance of Lower Layer Mobility (L1 and L1-F), baseline handover (BHO) and conditional handover (CHO) is compared in Fig. 4 with respect to normalized number of radio link problems (RLPs), i.e., reception of out-of-sync indications from lower layer, radio link failures (RLFs), handover failures (HOFs), i.e., random access failures, and ping-pongs (PPs), i.e., back-and-forth handovers to same cell within short time. In addition, reliability which is expressed as percentage of time the radio link is not in outage (caused by radio link problem or interruption during successful handover) is shown for each mobility scheme.
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Figure 4: Performance evaluation of different mobility procedures – PP and Reliability
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Figure 5: Performance evaluation of different mobility procedures – RLF and RLP
Figure 5 shows that L1 centric mobility reduces the number of RLPs (Radio Link Problems) compared to BHO and CHO. This is because the handover is executed based on L1 beam measurements which enable the network to react faster to degradations in serving radio link that help the UE to escape from the radio link problems. Although, the number of RLPs is less than CHO for L1 mobility, the number of RLFs is still higher than CHO for L1 mobility. One explanation is that in L1 mobility the network still needs to send MAC CE to trigger handover which might be lost over the air and leads UE to RLF, whereas for CHO, UE can directly execute the handover command once the CHO execution condition is satisfied. This gain is achieved at the expense of increased number of PPs. 
Observation 10: Lower Layer Mobility reduces the number of radio link problems compared to baseline and conditional handover at the expense of increased number of ping-pongs.
The additional L3 (IIR filter) and TTT that are used by BHO and CHO for handover execution can increase the measurement accuracy but also introduce additional delay for reacting to the degradation in serving radio link. This additional delay causes higher number of RLPs and RLFs than in Lower Layer Mobility but less ping-pongs. 
Observation 11: L3 filtering and TTT cause additional delay for handover execution in baseline and conditional handover, resulting in higher number of radio link problems and failures. However, smaller number of ping-pongs is achieved compared to Lower Layer Mobility.
Given that the interruption time of each handover is much smaller for Lower Layer Mobility i.e. 1ms instead of 80 ms in BHO and CHO, the higher number of ping-pongs is not costly in terms of interruption time and therefore the reliability of Lower Layer Mobility is higher than both BHO and CHO.
Observation 12: As the interruption time during handover is much smaller in Lower Layer Mobility than baseline and conditional handover, the reliability of the radio link (time not in outage) is higher in Lower Layer Mobility despite the increase in the number of ping-pongs.
In addition, the performance of additional IIR filtering at the network (i.e. scenario L1-F) for L1 beam measurement is evaluated for Lower Layer Mobility. It is shown that filtering L1 beam measurements can reduce the number of ping-pongs substantially by almost 36% without impacting the remaining KPIs.
Observation 13: Filtering the L1 beam measurements can decrease the number of ping-pongs substantially for Lower Layer Mobility.
At last, the CHO case without L3 filtering and TTT in execution condition (i.e. shown in yellow in Fig. 5) is compared against other mobility procedures. Disabling the L3 filter and TTT in CHO leads to high number of ping-pongs, however the number of RLF and RLP are slightly reduced compared to Lower Layer Mobility given that the UE autonomously executes the handover. However, the reliability of radio link is much worse than CHO and Lower Layer Mobility as the ping-pongs are costly due to 80 ms of interruption time during each handover.
Observation 14: Disabling L3 filter and TTT in CHO condition leads to a smaller reliability than Lower Layer Mobility since the interruption time in each handover is much higher than that in Lower Layer Mobility.
4	Conclusion
In this document we have made the following observations:
Observation 1: Using ICBM as mandatory precondition for Lower Layer Mobility does not provide any gains regarding the preparation phase. 
Observation 2: ICBM in Rel. 17 is defined for intra DU scenarios, whereas Lower Layer Mobility according to NR_Mob_enh2 WI should be defined for both intra and inter DU scenarios. If ICBM is mandatory for Lower Layer Mobility (for intra DU) this would require the development of two Lower Layer Mobility solutions. 
Observation 3: For dynamic switching of configuration to work from any serving cell within the involved cells, the switching of configurations should allow changing of a sub-set of the parameters of the serving cell.
Observation 4: Preparing target cell configuration as full configuration involves lower layer reset and increased interruption time even though it allows dynamic switching without configuration mismatch.
Observation 5: Triggering the handover based on L1 beam measurements helps to mitigate the radio link degradation on the serving radio link, reduce radio link failure, and hand over the UE earlier to another cell with better radio link.
Observation 6: Triggering of handover based on instantaneous L1 measurements will lead more ping pong and consecutive switching compared to L3 based mobility.
Observation 7: Minimizing the service interruption during handover essential to lessen the impact of increased ping-pongs (or consecutive handovers) in Lower Layer Mobility.
Observation 8: Lower Layer Mobility can have smaller interruption time than baseline handover by reducing at least RRC procedure delay, Tprocessing and the components that are associated with random access (TIU, transmission of PRACH preamble and waiting for the RACH response).
Observation 9: With L2 controlled mobility in L1/L2 mobility the impact of MAC reset for cell switching can be minimised where DU have the flexibility to trigger the switching based on user plane situation.
Observation 10: Lower Layer Mobility reduces the number of radio link problems compared to baseline and conditional handover at the expense of increased number of ping-pongs.
Observation 11: L3 filtering and TTT cause additional delay for handover execution in baseline and conditional handover, resulting in higher number of radio link problems and failures. However, smaller number of ping-pongs is achieved compared to Lower Layer Mobility.
Observation 12: As the interruption time during handover is much smaller in Lower Layer Mobility than baseline and conditional handover, the reliability of the radio link (time not in outage) is higher in Lower Layer Mobility despite the increase in the number of ping-pongs.
Observation 13: Filtering the L1 beam measurements can decrease the number of ping-pongs substantially for Lower Layer Mobility.
Observation 14: Disabling L3 filter and TTT in CHO condition leads to a smaller reliability than Lower Layer Mobility since the interruption time in each handover is much higher than that in Lower Layer Mobility.
And proposed the following:
Proposal 1: Rel.17 ICBM is not prerequisite for using Lower Layer Mobility.
Proposal 2: Lower Layer Mobility for intra-DU case and inter-DU case should be as common as possible. Thus, the relation between Lower Layer Mobility for intra-DU case and inter-DU should be clarified.
Proposal 3: Considering as starting point the solution of Figure 2, modification procedures are needed for Lower Layer Mobility - similarly to CHO and CPC. 
Proposal 4: RAN2 to consider preparation of target cell configurations capable of dynamic switching without need for full configuration.
Proposal 5: RAN2 to consider RRC modelling to have L1 measurements and TCI state configurations of target cells as common configuration during L1/L2 mobility to minimize signalling overhead and improve processing efficiency at the UE.
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6	Appendix
In the following, we describe the simulation scenario and parameters that are used in the evaluation of L1 centric mobility against baseline handover and CHO.

[bookmark: _Ref61867148][bookmark: _Ref61867130]Table 2 Simulation parameters for inter-cell mobility scenario
	Parameters
	Values

	Frequency Range
	FR1 @ 4 GHz, SCS: 15 kHz, BW: 10 MHz

	BS Antenna Configuration
	2x2 MIMO, 2x4x4 antenna panel config with 8-beams. 1 panel, slant 45, TR 36.814
Azimuth Angles = {40, 60, 80, 100, 120, 140, 65, 115}
Elevation Angles = {-20, -20, -20, -20, -20, -20, -35, -35}

	UE Antenna Configuration
	Isotropic antenna with max Tx power of 23 dBm

	Traffic Model
	Full buffer traffic model. UL traffic is disabled


	Link Adaptation
	Outer loop adaptation + CQI based link adaptation (CSI-RS based measurements)

	Control and RS overhead
	~21% (3/14 symbol overhead)

	Control channel decoding
	Ideal

	Other simulation assumptions
	Round robin scheduling in time and even resources for frequency scheduling with TTI size of one subframe. 20 users can scheduled each TTI.
RLM Qout averaging window: 400 ms
RLM Qin averaging window: 200 ms
RLQ Out (for beam failure detection) averaging window: 200 ms
Bandwidth efficiency: 90%
Default is no DRX

	Intra-cell beam management
	Beam metric: L1-RSRP 
Ideal measurement reporting and evaluation every 40 ms.
L1-RSRP averaging 120ms (3 samples) 
Beam switching decision: L1-RSRP(best serving cell beam)> L1-RSRP(current serving cell beam) + Offset
Offset: 3 dB

	Inter-cell handover procedure
	L3 (RRC) Mobility for Baseline Handover
The figure below illustrates L3 mobility procedure in the simulation. When A3 event condition is satisfied during TTT, UE sends L3 measurement report and the serving cell prepares HO command and sends it to the UE. Once UE receives the HO command, it detaches from the serving cell (interruption time starts) and if RACH is successful (i.e. HO complete is received from the target cell), UE switches to a new serving cell and starts receiving data (interruption time ends).
Handover interruption time (no data transfer): 80 ms
Handover metric: L3 cell quality measurement (IIR filtered L1-RSRP)
A3 event offset i.e. HO margin: 3 dB
Time-to-trigger (TTT): 160 ms
Handover (HO) preparation delay: 40ms
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Conditional Handover
When A3 event condition for CHO preparation is satisfied during TTT, UE sends L3 measurement report and the serving cell to prepare CHO command. Once UE receives the CHO command, it evaluates the CHO execution condition only for the prepared cells. If the condition is satisfied, UE detaches from the serving cell (interruption time starts) and if RACH is successful (i.e. HO complete is received from the target cell), UE switches to a new serving cell and starts receiving data (interruption time ends).
Handover interruption time (no data transfer): 80 ms
Handover metric: L3 cell quality measurement (IIR filtered L1-RSRP)
A3 event for CHO preparation: -3dB
A3 event offset i.e. HO margin: 3 dB
Time-to-trigger (TTT): 160 ms
Handover (HO) preparation delay: 40ms

L1/L2 centric Intercell Mobility
Intra-cell beam management procedure is extended to include the beams of non-serving cells. Ideal and periodical reporting with 40 ms periodicity.
The strongest beams of the serving and prepared non-serving cells are reported periodically.
Handover decision is based on (filtered) L1-RSRP beam measurements i.e. L1-RSRP (best non-serving cell beam) > L1-RSRP (best serving cell beam) + Offset
Offset i.e. HO margin: 3 dB 
Handover interruption time (no data transfer): 1 ms 

	Other potential impairments
	Not modelled (assumed ideal)

	Scenario
	3GPP compliant 3-sector Urban Macro cellular with 200 meters ISD.  3D UMa channel model TR 38.901

	Channel model
	UMa 5G (TR 38.901)

	UE mobility and trajectory
	20 UEs per cell and UEs are moving in a random direction in straight lines with constant speed.
[image: ]
UE velocity of 60 km/h is considered for simulations.

	Simulation time 
	140000 steps (14000 steps per sec) with 2 sec warm-up period  and 10 drops.
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