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1	Introduction

At RAN2#119e, the following agreements were made:
	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.
RAN2 to consider preparation of target cell configurations capable of dynamic switching without need for full configuration.
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.
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




This contribution covers alternative solutions for the procedure of execution of L1/L2 based inter-cell mobility serving cell change, including some important aspects of this procedure.
[bookmark: _Ref178064866]2	Discussion
2.1	Execution of L1/L2-based inter-cell mobility 
The procedure to execute L1/L2 inter-cell mobility corresponds to what in the WID [1] is referred to as “dynamic switch mechanism among candidate serving cells”. In this procedure, the UE switches the serving cell to a target cell for L1/L2 mobility and also switches to an already provided RRC configuration of the L1/L2 mobility candidate target cell used to operate with the target cell.
2.1.1	Triggering
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 order to indicate to the target cell that the mobility procedure has been successfully completed.
In our view, L1/L2 inter-cell mobility should follow some of the principles of the 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 that the switch during L1/L2 based inter-cell mobility is based on L1/L2 signaling, that is, triggered by the network. The first agreed assumption from our last meeting also makes this quite clear:
	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).




[bookmark: _Toc110974611][bookmark: _Toc115391846]RAN2 to confirm that the execution of L1/L2 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 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 inter-cell mobility, the command to trigger execution of L1/L2 inter-cell mobility is sent by the gNB to the UE and uses a lower layer (L1 or MAC) signaling. 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: _Toc115391847]When the UE receives the lower layer signaling for execution of L1/L2 inter-cell mobility, it switches to the indicated target cell and switches to the corresponding candidate target cell configuration.
In [2], we further elaborate on the details of this lower layer signaling, also referred to as beam indication for L1/L2 inter-cell mobility.
2.1.2	Alternative approaches for execution procedures
One of the overall goals of L1/L2 inter-cell mobility is to reduce latency and interruption time. Therefore, upon the UE receiving the lower layer signal to trigger execution of L1/L2 inter-cell mobility, 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 / beam indication to trigger execution of L1/L2 inter-cell mobility 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 performance aspects to consider when designing the signalling procedure for execution of L1/L2 inter-cell mobility. For example:
1) The delay from the network having received the lower layer measurement report until the lower layer signal / beam indication that triggers the execution of L1/L2 inter-cell mobility is transmitted to the UE.
2) Which node(s) that decides upon the triggering of the execution of L1/L2 inter-cell mobility and possibilities for other node(s) for negotiating / rejecting the execution. For example, if the target DU is assumed to having resources reserved for candidate target cells or if those resources are reserved during the execution. Or for example, if the CU has possibility to reject the execution.
3) Which node (source DU or target DU) sets the parameters included in the lower layer signal / beam indication that triggers the execution of L1/L2 inter-cell mobility in the UE, e.g. so that the UE knows the target cell it moves to including the target cell TCI state and possibly timing advance.
4) The interruption time and the time until the UE is scheduled in the target cell, considering variations of network delays.
We see two main approaches for the signalling during the execution of L1/L2 inter-cell mobility. In the discussion below we indicate how each approach addresses the key performance aspects above.
In approach 1, the serving DU decides about the execution, transmits the lower layer signal / beam indication to the UE and only thereafter informs candidate/target DU, via the CU, of the execution. This approach is illustrated in Figure 1 below.
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[bookmark: _Ref110248436][bookmark: _Hlk110248683]Figure 1. Approach 1 for execution of L1/L2 inter-cell mobility 
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. 
In approach 1, the delay for triggering is very short. On the other hand, the decision about triggering is made entirely by the source DU and also the content of the lower layer signal / beam indication is prepared by the source DU. 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. This is solved by an indication from the UE, illustrated by the “UL signal” in the signalling flow, that may be conveyed in L1 or MAC (FFS).
In approach 2, the serving DU first requests the candidate/target DU, via the CU, that execution of  L1/L2 inter-cell mobility 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 / beam indication to the UE.  This approach is illustrated in Figure 2 below.
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[bookmark: _Ref110248712]Figure 2. Approach 2 for execution of L1/L2 inter-cell mobility 
.
In approach 2, there is inter-node signalling before the source DU transmits the lower layer signal, which adds some delay in the order of tens of milliseconds. On the other hand, the content of the lower layer signal can be prepared by the target DU and target DU resources can be reserved late. Also, target DU and the CU may have possibility to reject the execution. The candidate/target DU may not know when the UE performs the switch since it is up to the serving DU when to transmit the lower layer signaling 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. 
We think that both these approaches have pros and cons. We think that approach 1 is a good baseline, but whether approach 2 needs to be used depends on mainly three things:
· During execution, whether the target DU needs to set the parameters included in the lower layer signaling that triggers the L1/L2 inter-cell mobility execution in the UE, e.g. so that the UE knows the target cell it moves to including the target cell TCI state and possibly timing advance.
· Whether the target DU and/or CU needs to have possibility to reject the execution procedure.
· If the delay before triggering in approach 2 is acceptable.

[bookmark: _Toc115391848]RAN2 to discuss the different approaches for execution of L1/L2 inter-cell mobility:
a. [bookmark: _Toc115391849]Approach 1: Serving DU decides execution of L1/L2 inter-cell mobility and send the lower layer signaling to the UE.
b. [bookmark: _Toc115391850]Approach 2: Serving DU decides execution of L1/L2 inter-cell mobility but it contacts first the Candidate DU (via the CU) before sending the lower layer signaling to the UE.

2.1.3	Need of an uplink signal from the UE to acknowledge the execution
On both the approaches for execution of L1/L2 inter-cell mobility above, we have indicated an uplink signal transmitted from the UE after having switched to the target cell configuration. The main purpose with this signal is to confirm that the UE has completed the procedure for execution of L1/L2 inter-cell mobility and has started using the target cell configuration. It also enables the network to start the scheduling of uplink and downlink data as soon as possible (considering also somewhat unpredictable network delays) and serves as a trigger for the target DU to transmit e.g., a DL data delivery status indication to the CU.
In legacy L3 handover, the MSG1+MSG3 and RRCReconfigurationComplete serve the same purpose. It is not clear we can reuse the same solution for L1/L2 inter-cell mobility, because as discussed below, execution of L1/L2 inter-cell mobility without random access should also be supported and as the execution of L1/L2 inter-cell mobility is a lower layer signalling procedure, it would be awkward to have a L3 response. 
The content of the UL signal is FFS, but we think that it at least needs to include the C-RNTI to identify the UE in the target cell (e.g. a C-RNTI MAC CE).
Even if the clearest solution would be to have an explicit indication by the UE that the execution of L1/L2 inter-cell mobility had been successfully performed, yet another alternative is to also consider an implicit indication by the UE. In such a case, the implicit indication may be either the transmission of the random access preamble, the sending of an SR request, or even the sending of UL data.
[bookmark: _Toc115391851]RAN2 to discuss on whether an indication (implicit or explicit) to the target cell from the UE is needed to indicate the successful execution of the L1/L2 inter-cell mobility.
2.1.4	Text proposal
We think it would be good to capture a signalling chart for the procedure to configure and execute the L1/L2 inter-cell mobility in stage-2, as reference for further discussions. In the Annex A, we include a text proposal to 38.300. The TP includes the configuration procedure discussed in [3] and also the execution procedure discussed in this contribution, both on a high-level without CU/DU split, suited for 38.300.
[bookmark: _Toc115391852]RAN2 to include the stage-2 TP in Annex to the section about L1/L2 based inter-cell mobility in TS 38.300.

[bookmark: _Hlk115091138]2.2	User plane aspects during execution of L1/L2 mobility 
Another important characteristic with L1/L2-based inter-cell mobility is that it does not mandate a reset the layer 2 protocols (MAC reset and RLC re-establishment). 
This means that the MAC and RLC states state in both the UE and the network can be maintained during execution of L1/L2 inter-cell mobility in many cases. 
This was also agreed as a working assumption at the last meeting:
	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.




However, as the UE should not make any assumptions about network node structure or implementation, whether to perform a MAC reset and RLC re-establishment 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.
2.2.1	MAC reset
Today, MAC reset in the UE is triggered by certain RRC procedures, e.g. at Reconfiguration with sync, radio link failure, some RRC state transitions etc.  MAC reset is also triggered from within MAC during deactivation of SCG. 
If the MAC state cannot be maintained during L1/L2 mobility execution (e.g. for the inter-DU case), the UE would need to perform a MAC reset. Whether or not MAC reset is needed during execution of L1/L2 mobility would be known by the network in advance, i.e. during the configuration of candidate target cells. This may suggest that a “MAC reset flag” could be added as part of the RRC IEs modelling the candidate target configuration. On the other hand, if the execution of L1/L2 inter-cell mobility is triggered by the UE receiving a lower layer signal, a “MAC reset flag” may alternatively be part of the lower layer signal itself (especially if the lower layer signal is a MAC CE).
Further, by considering the intra-DU and inter-DU scenarios, it may be very much likely that the UE may avoid L2 reset (thus including also MAC reset) for the case of intra-DU while for the case of inter-DU this may be more difficult (i.e., it is very much dependant of the network implementation). However, since the UE is not able to distinguish on whether the L1/L2 inter-cell mobility execution was inter-DU or intra-DU, the need of a flag to indicate the MAC reset is essential to enable the case on when the L2 reset does not need to be performed at the UE (and the network of course).
[bookmark: _Toc115391853]During the execution of L1/L2 inter-cell mobility, whether the UE performs MAC reset, is determined according to an indication received by the network.
[bookmark: _Toc115391854]RAN2 to discuss whether the indication to perform MAC reset during the execution of L1/L2 inter-cell mobility is part of the candidate target configuration or lower layer signalling.
2.2.2	RLC re-establishment
Today, an RLC re-establishment in the UE is triggered via the RRC layer by including the reestablishRLC flag in the IE RLC-BearerConfig, part of the IE CellGroupConfig:
CellGroupConfig ::=                        SEQUENCE {
    cellGroupId                                CellGroupId,
    rlc-BearerToAddModList                     SEQUENCE (SIZE(1..maxLC-ID)) OF RLC-BearerConfig                        OPTIONAL,   -- Need N

. . .

RLC-BearerConfig ::=                        SEQUENCE {
    logicalChannelIdentity                      LogicalChannelIdentity,
    servedRadioBearer                           CHOICE {
        srb-Identity                                SRB-Identity,
        drb-Identity                                DRB-Identity
    }                                                                                               OPTIONAL,   -- Cond LCH-SetupOnly
    reestablishRLC                              ENUMERATED {true}                                   OPTIONAL,   -- Need N
. . . 


If the RLC state cannot be maintained during L1/L2 mobility execution (e.g., for the inter-DU case), the UE would need to be perform an RLC re-establishment. Whether or not to trigger RLC re-establishment during execution of L1/L2 mobility, the need for this would be known during the configuration of candidate target cells. Therefore, the existing reestablishRLC flag can be re-used to trigger it during the execution (assuming the RRC model for configuration of candidate target cells allows it).
[bookmark: _Hlk115090717][bookmark: _Toc115391855]During the execution of L1/L2 inter-cell mobility, UE performs RLC re-establishment according to the reestablishRLC flag (within RLC-BearerConfig IE) in the candidate target cell configuration.
2.2.3	PDCP data recovery
For the intra-DU case, a network typically will keep the same MAC and RLC entity for both source and target. As the PDCP is terminated in the CU, there would be no need for forwarding of PDCP SDUs for the inter-DU case. However, there may be UL or DL data in the RLC buffers which has not yet been delivered to the peer PDCP entity and this data is lost during RLC re-establishment. In L3 handover, the PDCP data recovery, or PDCP re-establishment (at security key change), procedure is triggered in the UE which results or retransmission of uplink PDCP Data PDUs previously submitted for which the successful delivery has not been confirmed.
[bookmark: _Hlk115159479]For L1/L2 mobility, we don’t think security key change needs to be supported and therefore PDCP re-establishment would not be needed. 
[bookmark: _Toc115391837]For L1/L2 inter-cell mobility, as change of security key does not need to be supported, PDCP re-establishment would not be needed.
However, for L1/L2 mobility the UE need to trigger PDCP data recovery in some cases (e.g. at RLC re-establishment). Currently the field recoverPDCP, within the IE RadioBearerConfig, is used to trigger the UE to perform PDCP data recovery.
DRB-ToAddMod ::=                        SEQUENCE {
    cnAssociation                           CHOICE {
        eps-BearerIdentity                      INTEGER (0..15),
        sdap-Config                             SDAP-Config
    }                                                                                               OPTIONAL,   -- Cond DRBSetup
    drb-Identity                            DRB-Identity,
    reestablishPDCP                         ENUMERATED{true}                                        OPTIONAL,   -- Need N
    recoverPDCP                             ENUMERATED{true}                                        OPTIONAL,   -- Need N
    pdcp-Config                             PDCP-Config                                             OPTIONAL,   -- Cond PDCP
    ...,

While we think that the RRC configuration for the candidate target cell would be a natural way to include an indication for the UE to perform PDCP data recovery .
[bookmark: _Toc115391856]During the execution of L1/L2 inter-cell mobility, UE performs PDCP data recovery according to an indication (similar to the recoverPDCP field in DRB-ToAddMod IE) in the candidate target cell configuration.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	For L1/L2 inter-cell mobility, as change of security key does not need to be supported, PDCP re-establishment would not be needed.
Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to confirm that the execution of L1/L2 inter-cell mobility is a network-controlled procedure.
Proposal 2	When the UE receives the lower layer signaling for execution of L1/L2 inter-cell mobility, it switches to the indicated target cell and switches to the corresponding candidate target cell configuration.
Proposal 3	RAN2 to discuss the different approaches for execution of L1/L2 inter-cell mobility:
a.	Approach 1: Serving DU decides execution of L1/L2 inter-cell mobility and send the lower layer signaling to the UE.
b.	Approach 2: Serving DU decides execution of L1/L2 inter-cell mobility but it contacts first the Candidate DU (via the CU) before sending the lower layer signaling to the UE.
Proposal 4	RAN2 to discuss on whether an indication (implicit or explicit) to the target cell from the UE is needed to indicate the successful execution of the L1/L2 inter-cell mobility.
Proposal 5	RAN2 to include the stage-2 TP in Annex to the section about L1/L2 based inter-cell mobility in TS 38.300.
Proposal 6	During the execution of L1/L2 inter-cell mobility, whether the UE performs MAC reset, is determined according to an indication received by the network.
Proposal 7	RAN2 to discuss whether the indication to perform MAC reset during the execution of L1/L2 inter-cell mobility is part of the candidate target configuration or lower layer signalling.
Proposal 8	During the execution of L1/L2 inter-cell mobility, UE performs RLC re-establishment according to the reestablishRLC flag (within RLC-BearerConfig IE) in the candidate target cell configuration.
Proposal 9	During the execution of L1/L2 inter-cell mobility, UE performs PDCP data recovery according to an indication (similar to the recoverPDCP field in DRB-ToAddMod IE) in the candidate target cell configuration.
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Annex A: Stage-2 text proposal
A.1	Text proposal to TS 38.300
The TP below is written on top of the current endorsed 38.330 running CR [5]. Added text is marked with yellow highlighting.
9.2.3.x	L1/L2 based inter-cell mobility
[bookmark: _Toc51971362][bookmark: _Toc52551345][bookmark: _Toc100782028][bookmark: _Toc46502014][bookmark: _Toc37231959][bookmark: _Toc46502015][bookmark: _Toc51971363][bookmark: _Toc37231960][bookmark: _Toc52551346][bookmark: _Toc100782029]9.2.3.x.1	General
L1/L2-based inter-cell mobility is a procedure in which a gNB receives L1 measurement reports from UEs, and relying on which the gNB changes UEs’ serving cell(s) through on L1/L2 signaling. The gNB prepares one or multiple candidate cells and provides the candidate cell configurations to the UE. 

Editor’s note: Current options 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
Editor’s note: FFS measurement for preparation could be L3.

The following principles apply to L1/L2 based inter-cell mobility:
-    The gNB prepares the candidate cell configurations capable of dynamic switching without need for full configuration. 
-	The configuration and execution of L1/L2 based inter-cell mobility are both performed within a single gNB and without involvement of the 5GC.
The network triggers execution of L1/L2 based inter-cell mobility by transmitting a lower-layer signal, indicating a target cell, to the UE. 
-    User plane is continued whenever possible (e.g. intra-DU), without reset, with the target to avoid data loss  and the additional delay of data recovery
L1/L2-based inter-cell mobility supports both intra-DU and intra-CU inter-DU mobility. Inter-cell beam management is also supported, but is not considered as a prerequisite for using L1/L2-based inter cell mobility. It supports following scenarios: 
-	PCell change in non-CA scenario,
-	PCell and SCell(s) change in CA scenario. 

Editor’s note: 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.
Editor’s note: We assume that L1/L2-based inter-cell mobility supports CA scenarios (PCell and SCell). This includes the following cases:
a) The target PCell/target SCell(s) is not a current serving cell (CA-to-CA scenario with PCell change)
b) FFS the target PCell is a current SCell
c) FFS the target SCell is the current PCell.
Editor’s note: DC scenarios are FFS
9.2.3.x.2	C-plane handling


[image: ]
[bookmark: _Hlk110588915]Figure 9.2.3.x-1:	Procedure for L1/L2 based inter-cell mobility
The procedure for configuration and execution of L1/L2 based inter-cell mobility is as follows.
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 inter-cell mobility candidate target cells.
3.	The UE applies the configuration of L1/L2 inter-cell 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 inter-cell mobility candidate target cell(s) to the gNB.
Editor’s note: FFS whether the lower-layer measurement reports are carried on L1 or MAC.
Editor’s note: FFS whether the UE may establish DL and/or DL sync to candidate target cell(s) before execution of the L1/L2 inter-cell mobility is triggered.
5.	The gNB decides to trigger execution of L1/L2 inter-cell mobility to a target cell.
6.	The gNB transmits a lower layer signaling, indicating a target cell, to the UE.
Editor’s note: FFS whether the lower layer signaling is a DCI or a MAC CE.
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 inter-cell mobility candidate target cell used to operate with the target cell.
Editor’s note: The need for an uplink signal to the target gNB after the UE has switched to the target cell is FFS.
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