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1	Introduction

The objective 1 in WID [1] for Further NR Mobility Enhancements is formulated 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]
· [bookmark: _Hlk107552380]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





This contribution identifies candidate solutions, important issues to consider and the areas subject for impact. In the annex of this contribution, we also provide a text proposal to 38.300.
[bookmark: _Ref178064866]2	Discussion
2.1	Main components for L1/L2 based inter-cell mobility
As reference for the discussion in this document, below in Figure 1 we illustrate, on a very high level, the main components for L1/L2 based inter-cell mobility, including the main procedure parts, and involved entities a distributed RAN architecture. 
In Figure 1, the UE has a current serving cell (referred to as the “source cell” in context of mobility), controlled by a serving gNB-DU (“serving DU” in the figure) and a gNB-CU (“CU” in the figure). The purpose of configuration of candidate target cells for L1/L2 based inter-cell mobility is to configure with candidate target cell(s) for L1/L2 inter-cell mobility. Each candidate target cell is controlled by a candidate gNB-DU (“candidate DU” in the figure). During lower-layer measurement reporting the UE transmits measurement reports for the configured candidate target cells to the serving DU. During the execution of L1/L2 based inter-cell mobility serving cell change the UE switches the serving cell to a candidate target cell for L1/L2 mobility and connects to the candidate DU.



[bookmark: _Ref110594635]Figure 1. Main components for L1/L2 based inter-cell mobility

We propose:
[bookmark: _Toc110974609]RAN2 to adopt the main components for L1/L2 based inter-cell mobility in this contribution as the baseline for further discussions.
Further below, we discuss further details for each component of the overall procedure as well as additional aspects not covered by the above baseline procedure. 

2.2	Main principles for L1/L2 mobility
Before going into detailed solutions, we would like to address some important principles.
According to the WID, the scenarios to be supported by L1/L2 based inter-cell mobility include the following:
a. Standalone, CA and NR-DC
b. Intra-DU and Inter-DU/Intra-CU (no new RAN interfaces are specified)
c. Both intra-frequency and inter-frequency
d. Both FR1 and FR2
e. Source and target cells may be synchronized or non-synchronized
We acknowledge that the aim should be to support all these scenarios. As default a given solution should support all agreed scenarios. To specify separate solutions for different scenarios should be avoided and needs to be strongly motivated (e.g., by performance or complexity).
[bookmark: _Toc110974610]RAN2 should aim for a single solution for L1/L2 based inter-cell mobility to support all agreed scenarios.
For example, we think that at least the RRC signaling and most components should be used to support both the intra-DU and inter-DU cases.
In 3GPP systems, inter-cell mobility in RRC_CONNECTED is a network-controlled procedure. In NR, inter-cell mobility (up to Rel-17) is performed in the RRC layer (hence it may be called RRC-based) and is triggered when the UE receives an RRCReconfiguration message including the IE ReconfigurationWithSync (including parameters the UE requires to access the target cell). That RRCReconfiguration message is applied by the UE and contains the configuration the UE requires to operate in the target cell, as generated by the target gNodeB. As part of the inter-cell mobility execution the UE also performs random access in the target cell (to synchronize the UL and receive a TA command in the Random Access Response) and transmits an RRCReconfigurationComplete message (to synchronize the configurations with the target cell).
In our view, L1/L2 inter-cell mobility should follow some similar principles as RRC-based mobility i.e., it is network controlled and triggered based upon the reception of a message from the network (we see no reason to deviate from that at the moment). The WID says the switch during L1/L2 based inter-cell mobility is based on L1/L2 signaling, that is, triggered by the network.
[bookmark: _Toc110974611]As defined by the WID, L1/L2 based inter-cell mobility is a network-controlled procedure.
A first difference from L3 mobility, as the terminology agreed in the WID hints, is that the UE executes L1/L2 based inter-cell mobility serving cell change when the UE receives a L1/L2 signaling (which may be called a lower layer signaling as these layers are lower than the RRC layer), specifically designed to indicate L1/L2 based inter-cell mobility, such as a MAC Control Element (MAC CE) and/or Downlink Control Indication (DCI), instead of the reception of the RRCReconfiguration message including the IE ReconfigurationWithSync.
On other words, in L1/L2 mobility, the command to trigger L1/L2 mobility serving cell change is sent by the gNB to the UE and uses a lower layer (L1 or MAC) signal. This distinguishes it from the L3 mobility, which always uses RRC signalling. It also means that the context of the received command is limited by the lower layers. For example, if the lower layer command is a MAC CE, the command only operates on the particular MAC entity for which the command was sent. This is different from L3 mobility as well.
[bookmark: _Toc110974612]The UE receives a lower layer signaling indicating L1/L2 based inter-cell mobility to perform the L1/L2 based inter-cell mobility execution (FFS MAC CE and/or DCI).
Another important characteristic with L1/L2-based inter-cell mobility is that it does not mandate a L2 reset (MAC reset, RLC/PDCP re-establishment and security key refresh). For the intra-DU case, a network typically will keep the same MAC and RLC entity for both source and target. PDCP is always the same (assuming intra-CU). This means that the MAC state in both the UE and the network can be maintained during L1/L2 mobility serving cell change in many cases. However, as the UE should not make any assumptions about network node structure or implementation, whether to perform e.g., MAC reset should be possible to trigger by the network. This is different from reconfiguration with sync, which always includes a MAC reset and (in practice) also RLC re-establishment.
[bookmark: _Toc110974613]L1/L2 mobility serving cell change while maintaining the MAC and RLC state is to be supported.
In another contribution [2] we discuss further the latency during L1/L2 mobility. In that paper, we argue that solution without RACH during the switch should be adopted for L1/L2 mobility to reduce latency. We think that support for both RACH-less and RACH-based is to be adopted for L1/L2 based mobility serving cell change.
[bookmark: _Toc110974614]L1/L2 mobility serving cell change with and without RACH is supported.
[bookmark: _Toc110974615]In the case without RACH, the lower layer signaling indicating L1/L2 based inter-cell mobility includes a TCI state identifier of the L1/L2 inter-cell mobility candidate cell.
The WID states support for CA, NR-DC and mentions SpCell and SCell. Our interpretation is that the procedure always includes a switch of current SpCell (corresponding to PCell handover or PSCell change), but as result of the switch, the UE may apply a different SCell configuration (e.g., as result of starting to use a candidate cell configuration). So, we have these cases that should be supported:
a) Neither source nor target use SCells: SpCell 1  SpCell 2
b) Source use SCells, no SCells in target: SpCell 1 (SCells A, B, C)  SpCell 2
c) No SCells in source, SCells in target: SpCell 1  SpCell 2 (SCell D, E, F)
d) Both source and target use SCells, by none are common: SpCell 1 (SCells A, B, C)  SpCell 2 (SCell D, E, F)
e) Both source and target use SCells, at least one is common: SpCell 1 (SCells A, B, C)  SpCell 2 (SCell C, E, F)
Moreover, it is assumed that the source and target SpCells are within the same type of cell group (MCG or SCG).
[bookmark: _Toc110974616]L1/L2 mobility serving cell change includes a switch of SpCells.
[bookmark: _Toc110974617]L1/L2 mobility serving cell change may include a switch of SpCells together with addition/modification/release of SCell(s).
[bookmark: _Toc110974618]RAN2 to discuss whether L1/L2 mobility serving cell change may perform only addition/modification/release of SCell(s) (when there is no switch of SpCells).

2.3	Configuration of candidate target cells for L1/L2-based inter-cell mobility 
As in RRC-based inter-cell mobility, in L1/L2 inter-cell mobility the UE also needs a target configuration to operate in the target cell which may differ from the configuration of the source cell. As a L1/L2 signaling (like a MAC CE) is not suitable to carry a target cell configuration for L1/L2 inter-cell mobility, the UE needs to be pre-configured with the configuration of the target cell for L1/L2 inter-cell mobility which is needed to operate in the target cell. It makes sense this is performed in an RRCReconfiguration message to configure L1/L2 inter-cell mobility.
Different models for how to represent the configuration of a candidate target cell for L1/L2 mobility in the UE are possible (e.g., RRCReconfiguration, CellGroupConfig, ServingCellConfig) and the RRC model for those will be discussed in companion paper in [3]. 
[bookmark: _Toc110974619]The UE receives a candidate target configuration as part of the RRC configuration of L1/L2 based inter-cell mobility (e.g., RRCReconfiguration message), before it is able to receive the L1/L2 lower layer signaling indicating the execution of L1/L2 inter-cell mobility. 
It seems also reasonable to assume that the UE may be configured with more than one target candidate cell for L1/L2 inter-cell mobility. Otherwise, there may be a lot of RRC signaling to configure and reconfigure the UE, to add and release target cell candidates for L1/L2 inter-cell mobility as the UE moves within a certain coverage area.
[bookmark: _Toc110974620]The UE may be configured with multiple L1/L2 inter-cell mobility candidate cells.
Moreover, in a distributed RAN architecture, as the network functions are split between the DU and the CU, we foresee some impact on F1AP. In this section we elaborate more on the procedures for configuring the candidate cells.
The procedure for configuration of an intra-DU candidate target cell illustrated in Figure 2. 
[image: ]
[bookmark: _Ref110336632]Figure 2. Configuration of intra-DU candidate target cell for L1/L2 based inter-cell mobility 
[bookmark: _Toc110974621]The configuration of L1/L2 inter-cell mobility is initiated by the CU.
[bookmark: _Toc110974622]The Candidate DU generates a configuration for each L1/L2 inter-cell mobility candidate cell and includes it in the response to the CU.
The procedure for configuration of an inter-DU candidate target cell is illustrated in Figure 3. 
[image: ]
[bookmark: _Ref110336675]Figure 3. Configuration of inter-DU candidate target cell for L1/L2 based inter-cell mobility 

As being illustrated by these example procedures, we think that the existing F1AP procedures can be reused for configuring candidate target cells, both for the intra-DU and inter-DU cases. This is however to be discussed further by RAN3.

2.4	Lower-layer measurement reporting
To assist RRC-based inter-cell mobility the UE may be configured to perform RRM measurements on an SpCell (e.g., PCell) and one or more neighbour cells in the SpCell serving frequency (referred in RRC as applicable cells), and to report these RRM measurements either periodically or based on the fulfilment of events e.g. A3 event, defining the transmission of the RRC measurement report when at least a neighbour cell is an offset better than the PCell (based on a measurement quantity, like RSRP, RSRQ or SINR). Beam measurement information may also be configured to be included in a measurement report, such as measurements per SSB index and/or CSI-RS resource identifier, to enable the network to make more educated mobility decisions (e.g., by comparing not only cell quality of triggered cells but also the quality of individual beams) and/or configure fewer contention free random access resources (possibly per beam).
To assist intra-cell mobility (or RRC-less mobility, as called at the beginning of Rel-15), i.e., beam management operations such as beam switching (e.g., TCI state activation/deactivation), the network configures the UE to perform and report CSI measurements performed on one or more beams e.g., L1 RSRP values of SSBs and/or CSI-RS resources of a serving cell, like the PCell. These CSI-RS resources and/or SSB indexes on a serving cell, to be measured and reported, are explicitly configured by the network and associated to a reporting configuration. The time domain behaviour in which the CSI reports are transmitted may be configured as: periodic, semi-persistent or aperiodic (based on a trigger), either on PUCCH and/or PUSCH (i.e., no event-based CSI measurements are supported) of a serving cell (in which the CSI-ReportConfig is configured). 
In L1/L2 inter-cell mobility the UE is configured with one or more L1/L2 inter-cell mobility candidate cells and a serving cell (currently “active”) and, once the UE is configured. This may be called a preparation phase, as later the network needs to determine a target cell the UE is going to in a L1/L2 inter-cell mobility execution. As in intra-cell mobility (beam management) and L3/RRC-based mobility it also makes sense to assume that L1/L2 inter-cell mobility execution is assisted by measurement reports. As these measurements should be possibly processed by a gNodeB-DU (e.g., Serving DU and/or Candidate DU), it makes sense to assume these are lower layer reports i.e., measurements reported in a lower layer message, such as a MAC CE or CSI report format, otherwise gNodeB-DU(s) would need to process RRC measurement reports, or an additional CU/ DU signalling would need to be introduced.
[bookmark: _Toc110974623]The UE is configured to transmit lower layer measurement reports to assist L1/L2 inter-cell mobility. FFS if these are CSI reports on PUCCH/PUSCH and/or MAC CEs.
The decisions to execute L1/L2 inter-cell mobility are up to network implementation, but a typical scenario to would be to select and indicate to the UE in the lower layer L1/L2 inter-cell mobility command, a L1/L2 inter-cell mobility target candidate cell which has a beam the UE can detect, which is better than the current beam serving the UE. In other words, using a more specification-friendly terminology, the decision to trigger L1/L2 inter-cell mobility would be made at the network when an SSB (or CSI-RS) configured as QCL source of a TCI state in a target candidate cell is better (or offset better), e.g., by some quantity such as SS-RSRP or SS-SINR, than the SSB (or CSI-RS) configured as QCL source in the currently active TCI state of the serving cell; not that such an example does not preclude other criteria, just as a legacy RRC-based handover does not have to be triggered in response to an A3 report. Hence, it makes sense to assume that lower layer reports should contain measurements on the serving cell and L1/L2 inter-cell mobility candidate cell(s). Notice that it should be FFS what exact measurements or measurement information (derived from measurements) are be included by the UE in these lower layer measurement reports and under which conditions. 
[bookmark: _Toc110974624]The UE is configured to perform lower layer measurements on serving cell and L1/L2 inter-cell mobility candidate cell(s).
[bookmark: _Toc110974625]Lower layer measurement reports to assist L1/L2 inter-cell mobility include measurement information on serving cell(s) and L1/L2 inter-cell mobility candidate cell(s).
One of the goals in L1/L2 inter-cell mobility is the reduction of the interruption time during the mobility procedure. The UE should be able to execute L1/L2 inter-cell mobility and change cell without performing random access, and, consequently, the network needs to be able to indicate to the UE a beam (i.e., TCI state) of the L1/L2 inter-cell mobility candidate cell to be monitored and/or to be used before an initial UL transmission from the UE. To assist the network to determine such a TCI state in the candidate cell, the lower layer measurement reports need to include measurement information per beam e.g., per SSB index of the serving cell and/or L1/L2 inter-cell mobility candidate(s).
[bookmark: _Toc110974626]Lower layer measurement reports to assist L1/L2 inter-cell mobility include measurement information per beam, at least for SSBs. FFS if CSI-RS measurements are supported.
When it comes to its time-domain behaviour, it may be argued that since L1/L2 inter-cell mobility is decided at a gNB-DU and in a way is a beam management operation (inter-cell beam management), lower layer measurement reports could be designed to follow the approach adopted for CSI reports up to Release 17: periodic, aperiodic and semi-persistent. On the other hand, it may also be argued that as L1/L2 inter-cell mobility is an inter-cell procedure, so that lower layer reports should be event-triggered, e.g., UE transmits a report when a beam in a target cell is an offset better than the currently used beam in the serving cell (beam of currently active TCI state). Event-triggered reports lead to lower overhead in the UL, translated in better UE energy consumption (at least compared to periodic reports), and better reliability and lower network complexity (compared to aperiodic and/or semi-persistent report, which require a trigger from the network). However, that would require the design of new events, i.e., more specification work. At this point in time, it seems reasonable to first discuss the pros and cons of both approaches.
[bookmark: _Toc110974627]Discuss whether lower layer measurement reports to assist L1/L2 inter-cell mobility are event-triggered or periodic / aperiodic/ semi-persistent.
Another issue related to the reporting of lower layer measurements is how the UE determines which cells and/ or beams (e.g., SSB indexes and/or CSI-RS resources) to measure and include in a report.

Option 1: Release-17 framework (additional PCI per CSI resource set)
A natural first option to analyse in 3GPP is the existing CSI framework for configuring these CSI resources. In the CSI framework, primarily designed for intra-cell beam management, the UE has a serving cell configuration (ServingCellConfig), including a CSI-MeasConfig, including for each CSI report a CSI-ReportConfig, indicating the reporting configuration which needs to indicate a CSI resource configuration, indicating a CSI resource set with SSB indexes and/or CSI-RS indexes of one of the configured serving cell(s) to be measured and reported. 
In Release-17, to assist the multi-TRP operation with a TRP using a PCI which is not the PCI of the Serving Cell (i.e., not the PCI in ServingCellConfigCommon), it was introduced the possibility to configure the UE with CSI resources associated to a different PCI (called additional PCI), as shown in the example below:
CSI-SSB-ResourceSet information element
-- ASN1START
-- TAG-CSI-SSB-RESOURCESET-START

CSI-SSB-ResourceSet ::=             SEQUENCE {
    csi-SSB-ResourceSetId               CSI-SSB-ResourceSetId,
    csi-SSB-ResourceList                SEQUENCE (SIZE(1..maxNrofCSI-SSB-ResourcePerSet)) OF SSB-Index,
    ...,
    [[
    servingAdditionalPCIList-r17        SEQUENCE (SIZE(1..maxNrofCSI-SSB-ResourcePerSet)) OF ServingAdditionalPCIIndex-r17  OPTIONAL  -- Need R
    ]]
}

ServingAdditionalPCIIndex-r17  ::=  INTEGER(0..maxNrofAdditionalPCI-r17)

-- TAG-CSI-SSB-RESOURCESET-STOP
-- ASN1STOP

	CSI-SSB-ResourceSet field descriptions

	servingAdditionalPCIList
Indicates the physical cell IDs (PCI) of the SSBs in the csi-SSB-ResourceList. If present, the list has the same number of entries as csi-SSB-ResourceList. The first entry of the list indicates the value of the PCI for the first entry of csi-SSB-ResourceList, the second entry of this list indicates the value of the PCI for the second entry of csi-SSB-ResourceList, and so on. For each entry, the following applies:
- If the value is zero, the PCI is the PCI of the serving cell in which this CSI-SSB-ResourceSet is defined;
- otherwise, the value is additionalPCIIndex-r17 of an SSB-MTC-AdditionalPCI-r17 in the additionalPCIList-r17 in ServingCellConfig, and the PCI is the additionalPCI-r17 in this SSB-MTC-AdditionalPCI-r17.



In that approach the UE is explicitly configured with CSI resource sets associated to additional PCI(s) which could possibly be set by the network as PCI(s) of L1/L2 inter-cell mobility candidate cells. As these CSI resources are in the same serving frequency as the serving cell in which these CSI resources are configured, changes are required to support inter-frequency measurements, as indicated in the WID.
[bookmark: _Hlk110862263]Another aspect to consider in option 1) is that currently the CSI-MeasConfig is generated by the Serving DU (within CellGroupConfig), so if L1/L2 inter-cell mobility measurements is meant to follow that approach, the Serving DU needs to be informed during the configuration of the L1/L2 inter-cell mobility of the target candidate cells (e.g. some form of cell identifiers and/or indexes) and the candidate beams (e.g. SSBs) of the candidate cells, i.e., the beams configured as QCL source(s) of the candidate’s TCI states. This would require some new signalling between the Serving DU, the CU and the Candidate DU. An example of the signalling for this first approach is shown below:
[image: ]
Figure 4. An example of the signalling for the first approach

Option 2: Applicable cells and beams based on L1/L2 inter-cell mobility candidate cell configuration(s)
A second approach for L1/L2 inter-cell mobility, to simplify the inter-node signalling between CU, Serving DU and Candidate DU(s) relies on a principle introduced for Conditional Handover (CHO). In CHO, the UE is configured with a measId associated to an event and a frequency, but it determines the exact target candidate cell to be monitored by checking the target candidate configuration i.e., the Physical Cell Identity (PCI) within each RRCReconfiguration message per target candidate cell, as shown below:
***************************************************************************************************************************
[bookmark: _Toc60776797][bookmark: _Toc100929599]5.3.5.13.4	Conditional reconfiguration evaluation
The UE shall:
1>	for each condReconfigId within the VarConditionalReconfig:
2>	if the RRCReconfiguration within condRRCReconfig includes the masterCellGroup including the reconfigurationWithSync:
3>	consider the cell which has a physical cell identity matching the value indicated in the ServingCellConfigCommon included in the reconfigurationWithSync within the masterCellGroup in the received condRRCReconfig to be applicable cell;
***************************************************************************************************************************
Assuming that in L1/L2 inter-cell mobility the UE would also be required to report measurement information per beam, the applicable beams may be the beams configured as QCL source of TCI states of a L1/L2 inter-cell mobility target candidate cell. The second approach is illustrated in the figure below:
[image: ]
Figure 5. An example of the signalling for the second approach

[bookmark: _Toc110974628]Discuss whether CSI resources of target candidate cells for L1/L2 inter-cell mobility are configured explicitly (cell identifiers, beam identifier and frequency in CSI-MeasConfig) or implicitly (based on target candidate configuration).
[bookmark: _Toc110974629]Send LS to RAN1 informing decision in RAN2 for further progress in RAN1 on details.

2.5	Execution of L1/L2-based inter-cell mobility serving cell change
One of the overall goals of L1/L2 based inter-cell mobility is to reduce latency and interruption time. Therefore, upon the UE receiving the lower layer signal to trigger a L1/L2 mobility serving cell change (i.e., in step 11 of Figure 1), the UE needs to shortly be able to transmit UL data or SR, and/or monitor PDCCH in the target cell. This in turn would typically require that the UE needs to know the target cell it moves to, so it applies the corresponding configuration, and the corresponding TCI state. 
From the network perspective, when the serving DU transmits the lower layer signal to trigger a L1/L2 mobility serving cell change to the UE, the candidate/target DU needs to be prepared to receive signals from the UE and/or to schedule the UE shortly.
There are a few key issues to consider and discuss that affects the signalling procedure for execution of L1/L2 mobility serving cell change.
1) [bookmark: _Hlk110247737]When receiving the lower layer signal to trigger a L1/L2 mobility serving cell change, how for the UE to know the target cell it moves to including the target cell TCI state. 
2) When and how the UE establishes time alignment to the target cell including how to determine whether to perform random access in the target cell. 
3) Which node the triggers and decides upon the L1/L2 mobility serving cell change and related parameters and state information which only can be transferred upon execution. 
4) After the UE has performed the serving cell change, how to ensure data can be scheduled in target without unnecessary delays. 
We see two main approaches for the signalling during the execution of L1/L2 mobility serving cell change. 

In approach 1, the serving DU decides about the execution, transmits the lower layer signal to the UE and only thereafter informs candidate/target DU, via the CU, of the serving cell change. This approach is illustrated in Figure 6 below.

[image: ]
[bookmark: _Ref110248436][bookmark: _Hlk110248683]Figure 6. Approach 1 for execution of L1/L2 mobility serving cell change
In this approach, the target cell and beam are determined by the serving DU. Also, the candidate/target DU becomes aware that the UE is coming and in which UL direction (beam) based on information from the serving DU. However, due to uncertainty network delays between the serving DU, the CU and the candidate/target DU (especially for the inter-DU case), it may be hard for the candidate/target DU to know exactly when UE can be scheduled, unless it receives some indication from the UE. This indication from the UE, illustrated by the “UL signal” in the signalling flow, may be conveyed in L1 or MAC (FFS).

In approach 2, the serving DU first requests the candidate/target DU, via the CU, that a L1/L2 mobility serving cell change is required, and the candidate/target DU makes a final decision about target cell/beam including the TCI state and/or SSB index. Only thereafter the serving DU creates and transmits the lower layer signal to the UE.  This approach is illustrated in Figure 7 below.

[image: ]
[bookmark: _Ref110248712]Figure 7. Approach 2 for execution of L1/L2 mobility serving cell change
In approach 2, the candidate/target DU has the last say about the execution and related target cell parameters, but it may not know when the UE performs the switch since it is up to the serving DU when to transmit the lower layer signal to the UE. Also in this approach, the UL signal from the UE would be an indication for the candidate/target DU to start scheduling the UE. In this approach, also the CU and/or candidate/target DU have the possibility to reject the execution.
We think that while many of the details of the procedure for the execution of L1/L2 mobility serving cell change need to be discussed further, the following principles can be established as easy agreements, reflected by these proposals:
[bookmark: _Toc110974630]When the UE receives the lower command for L1/L2 mobility serving cell change, it switches to the indicated target cell and switches to the corresponding candidate target cell configuration.
[bookmark: _Toc110974631]RAN2 to discuss the different approaches for execution of L1/L2 mobility serving cell change, including which network node (serving DU or candidate DU) decides the execution.

2.6	Impact on RAN groups
We think it is important that RAN2 and the other WGs coordinate from the beginning to avoid specifying two different solutions for the same objective. There are different aspects that may be discussed in different WGs and here below is just an example of possible topics:
· What model to use for the candidate target cell configuration (RAN2/RAN3)
· Lower layer signal for triggering execution of L1/L2 mobility (RAN1/RAN2)
· Intra- and inter-DU signaling (RAN2/RAN3)
· CSI measurement configuration and reporting (RAN1/RAN2)
In order to address any conflict and colliding agreements between two or more RAN WGs, it would be beneficial to clarify the expectation on the work that each WG is expected to do for this work item.
On high level, the following working split for the topics to be specified in the work item can be considered:

RAN1:
· Work on the TA alignment/keeping on L1/L2 candidate target cells
· Lower-layer measurement and reporting
RAN2:
· Latency reduction
· RRC model
· Signaling for the overall procedure 
RAN3:
· Inter-node signaling for the intra-DU and inter-DU cases
· Signaling for configuring the candidate target cells
· Signaling for the execution of serving cell change
· Which node decides the execution
· Single vs multiple F1AP procedures for configuration of multiple candidate cells

Therefore, in order to clarify since the beginning this work split, it would be good to send an LS to RAN1 and RAN3 and clarify the topic on which they are expected to work on. Thus, we propose:
[bookmark: _Toc110974632]RAN2 to send an LS to RAN1 and RAN3 to clarify the following working split regarding this work item:
a. [bookmark: _Toc110974633]RAN1:
i. [bookmark: _Toc110974634]TA alignment/keeping on L1/L2 candidate target cells
ii. [bookmark: _Toc110974635]Lower layer measurements and reporting
b. [bookmark: _Toc110974636]RAN2:
i. [bookmark: _Toc110974637]Component for latency reduction
ii. [bookmark: _Toc110974638]RRC model for the L1/L2 candidate target cells
iii. [bookmark: _Toc110974639]Overall signaling for the L1/L2 inter-cell mobility procedure
c. [bookmark: _Toc110974640]RAN3:
i. [bookmark: _Toc110974641]Inte-node signaling for the intra-DU and inter-DU cases
1. [bookmark: _Toc110974642]Signaling for configuring the L1/L2 candidate target cells
2. [bookmark: _Toc110974643]Signaling for the execution of L1/L2 inter-cell mobility
a. [bookmark: _Toc110974644]Which network node decide the execution of L1/L2 inter-cell mobility
b. [bookmark: _Toc110974645]Single vs multiple F1AP procedure for configuring multiple L1/L2 inter-cell candidate target cells.
3	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to adopt the main components for L1/L2 based inter-cell mobility in this contribution as the baseline for further discussions.
Proposal 2	RAN2 should aim for a single solution for L1/L2 based inter-cell mobility to support all agreed scenarios.
Proposal 3	As defined by the WID, L1/L2 based inter-cell mobility is a network-controlled procedure.
Proposal 4	The UE receives a lower layer signaling indicating L1/L2 based inter-cell mobility to perform the L1/L2 based inter-cell mobility execution (FFS MAC CE and/or DCI).
Proposal 5	L1/L2 mobility serving cell change while maintaining the MAC and RLC state is to be supported.
Proposal 6	L1/L2 mobility serving cell change with and without RACH is supported.
Proposal 7	In the case without RACH, the lower layer signaling indicating L1/L2 based inter-cell mobility includes a TCI state identifier of the L1/L2 inter-cell mobility candidate cell.
Proposal 8	L1/L2 mobility serving cell change includes a switch of SpCells.
Proposal 9	L1/L2 mobility serving cell change may include a switch of SpCells together with addition/modification/release of SCell(s).
Proposal 10	RAN2 to discuss whether L1/L2 mobility serving cell change may perform only addition/modification/release of SCell(s) (when there is no switch of SpCells).
Proposal 11	The UE receives a candidate target configuration as part of the RRC configuration of L1/L2 based inter-cell mobility (e.g., RRCReconfiguration message), before it is able to receive the L1/L2 lower layer signaling indicating the execution of L1/L2 inter-cell mobility.
Proposal 12	The UE may be configured with multiple L1/L2 inter-cell mobility candidate cells.
Proposal 13	The configuration of L1/L2 inter-cell mobility is initiated by the CU.
Proposal 14	The Candidate DU generates a configuration for each L1/L2 inter-cell mobility candidate cell and includes it in the response to the CU.
Proposal 15	The UE is configured to transmit lower layer measurement reports to assist L1/L2 inter-cell mobility. FFS if these are CSI reports on PUCCH/PUSCH and/or MAC CEs.
Proposal 16	The UE is configured to perform lower layer measurements on serving cell and L1/L2 inter-cell mobility candidate cell(s).
Proposal 17	Lower layer measurement reports to assist L1/L2 inter-cell mobility include measurement information on serving cell(s) and L1/L2 inter-cell mobility candidate cell(s).
Proposal 18	Lower layer measurement reports to assist L1/L2 inter-cell mobility include measurement information per beam, at least for SSBs. FFS if CSI-RS measurements are supported.
Proposal 19	Discuss whether lower layer measurement reports to assist L1/L2 inter-cell mobility are event-triggered or periodic / aperiodic/ semi-persistent.
Proposal 20	Discuss whether CSI resources of target candidate cells for L1/L2 inter-cell mobility are configured explicitly (cell identifiers, beam identifier and frequency in CSI-MeasConfig) or implicitly (based on target candidate configuration).
Proposal 21	Send LS to RAN1 informing decision in RAN2 for further progress in RAN1 on details.
Proposal 22	When the UE receives the lower command for L1/L2 mobility serving cell change, it switches to the indicated target cell and switches to the corresponding candidate target cell configuration.
Proposal 23	RAN2 to discuss the different approaches for execution of L1/L2 mobility serving cell change, including which network node (serving DU or candidate DU) decides the execution.
Proposal 24	RAN2 to send an LS to RAN1 and RAN3 to clarify the following working split regarding this work item:
a.	RAN1:
i.	TA alignment/keeping on L1/L2 candidate target cells
ii.	Lower layer measurements and reporting
b.	RAN2:
i.	Component for latency reduction
ii.	RRC model for the L1/L2 candidate target cells
iii.	Overall signaling for the L1/L2 inter-cell mobility procedure
c.	RAN3:
i.	Inte-node signaling for the intra-DU and inter-DU cases
1.	Signaling for configuring the L1/L2 candidate target cells
2.	Signaling for the execution of L1/L2 inter-cell mobility
a.	Which network node decide the execution of L1/L2 inter-cell mobility
b.	Single vs multiple F1AP procedure for configuring multiple L1/L2 inter-cell candidate target cells.
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Annex A: Stage-2 text proposal
A.1	Text proposal to TS 38.300
9.2.3.x	L1/L2 based inter-cell mobility
The following principles and limitations apply for L1/L2 based inter-cell mobility:
-	The configuration and execution of L1/L2 based inter-cell mobility are both controlled by the network.
[bookmark: _Hlk110589251]-	The UE may be configured with one or multiple candidate target cells for L1/L2 based inter-cell mobility. 
-	The UE transmits lower-layer measurement reports to the network for these configured candidate target cells. 
-	The network triggers execution of L1/L2 based inter-cell mobility by transmitting a lower-layer signal, indicating a target cell, to the UE. 
-	Only intra-gNB mobility is supported.


[image: ]
[bookmark: _Hlk110588915]Figure 9.2.3.x-1:	Procedure for L1/L2 based inter-cell mobility
The configuration and execution of L1/L2 based inter-cell mobility are both performed within a single gNB and without involvement of the 5GC.
1.	The UE sends a MeasurementReport message to the gNB.
2.	The gNB transmits an RRCReconfiguration message to the UE to configure one or multiple L1/L2 based inter-cell mobility candidate target cells.
3.	The UE applies the configuration of L1/L2 mobility candidate target cell(s) and transmits a RRCReconfigurationComplete message to the gNB.
4.	The UE performs lower layer measurements and transmits lower-layer measurement reports on the configured L1/L2 mobility candidate target cell(s) to the gNB.
5.	The gNB decides to trigger execution of L1/L2 mobility serving cell change to a target cell.
6.	The gNB transmits a lower layer signal, indicating a target cell, to the UE.
7.	The UE stops transmitting uplink packets, changes to the target cell and starts to monitor beams in the target cell. The UE also switches to the corresponding configuration of the L1/L2 mobility candidate target cell used to operate with the target cell.
8.	The UE transmits an uplink signal to the target gNB indicating its C-RNTI for target cell. The gNB is now able to schedule the UE in the target cell and the UE starts to transmit uplink packets.
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