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1	Introduction
The scenarios and assumptions for Lower Layer Mobility (LLM) (also marked as L1/L2 based inter-cell Mobility in the NR_Mob_enh2-Core WID) have been discussed in RAN2 #119 and the following agreements have been made regarding interruption time reduction [1]:
Assumption: HO interruption time for L1/L2-based inter-cell mobility is the time from UE receives the cell switch command to UE performs the first DL/UL reception/transmission on the indicated beam of the target cell. FFS if TRS tracking after HO and CSI RS measurement should also be included, i.e. the time to use a high-performance beam (can be clarified further).
Assumption: To reduce HO interruption time, investigate e.g. solutions to reduce the time for UE reconfiguration (already in the WID), downlink and uplink synchronization after handover decision (other parts of dynamic switch not precluded).
Confirm to Support L1/L2-based inter-cell mobility for inter-DU scenario (as well as intra-DU scenarios).  
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.









Moreover, in the discussion of the different RRC models for LLM the following has been discussed and proposed [2]:
Rapporteur input: Most of the aspects raised in this section has been addressed by the previous proposal. Regarding the terminology, one company raised that the current terminology may not be ideal and should be further discussed, which was supported by one company. Rapporteur thinks that “L1/L2 based inter-cell mobility” is a term that is used also in the WID but the terminology can be discussed based on company inputs.
Proposal 5: RAN2 to discuss and decide on the terminology to use for the “L1/L2-centric inter-cell mobility” based on WI progress and company inputs.






[bookmark: _Hlk115351657][bookmark: _Hlk115354482]In this contribution, we elaborate on the potential solutions for reducing the interruption time in LLM. 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	Discussion
2.0	Terminology
The current WI uses the terminology of “L1/L2-centric mobility”, which suffers from ambiguity (what is in L1 and what is in L2?) and a slight overload of terms (why is it “centric”, and what does that mean?). Solution to this problem would be to use “Lower Layer Mobility” or “LLM” like we use in our contributions or something like L2 mobility, since L2 is the decision point of the mobility. 
Proposal 0: Discuss on adopting the term “Lower Layer Mobility” (and its acronym “LLM”) or L2 mobility when discussing the L1/L2-centric mobility.
2.1 Analysis of Interruption Time Reduction 
The time chart for LLM has been discussed in the post-email discussion [2] and the following has been proposed before introducing any enhancements
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Figure 1: Time Chart for L1/2 inter-cell mobility.
According to Fig. 1, the interruption time starts upon the reception of the cell switch command and lasts till the UE transmits/receives to/from the target cell. This inherently assumes that the serving cell stops the transmission/reception to/from the UE upon sending the cell switch command.
Observation 1: The current time chart for LLM assumes that the serving cell stops the transmission/reception to/from the UE upon sending the cell switch command.
UE processing consists of two parts Tprocessing,1 and Tprocessing,2 which happen before and after the reception of cell switch command, respectively, and only the latter part contributes to the interruption. According to the email discussion, the UE processing includes [2]:
1) ASN. 1 decoding and validity checking
2) L2/3 reset/reconfiguration
3) Baseband retuning
4) RF retuning
5) Security update (FFS)
The security update includes the derivation of target gNB PDCP security keys and configuration of the security algorithm to be used in the target cell. Given that LLM is limited to intra-CU hosting the same PDCP for both serving and target cell, the security key update can be skipped and excluded from UE processing.
Proposal 1: For intra-CU LLM, security update can be skipped and excluded from UE processing.
In addition to UE processing, DL and UL synchronization to the target cell is a major component of the interruption time during LLM. In principle, there are two ways for reducing the interruption caused by these different components/steps executed toward the target cell:
1) First approach is to skip the execution of some steps like UL synchronization to the target cell, for instance. In many cases, the timing advance (TA) of the target cell can be the same as that of the serving cell or the TA of the target cell is known before, e.g., zero in case of small cells. In these cases, RACH-less LLM can be used to reduce the interruption time caused by UL synchronization
2) For the remaining steps that cannot be skipped (part of UE processing, DL synchronization, UL synchronization if TA of the target cell cannot be known), make-before-break approach can be followed where the UE executes the steps towards accessing the target cell while exchanging the user plane data with the serving cell.
Given that many cells controlled by the same DU have the same TA value, we propose to specify RACH-less LLM to reduce the interruption caused by UL synchronization in case the timing advance of the target cell is known beforehand, e.g., zero or same as the serving cell.
Proposal 2: RACH-less LLM is used to reduce the interruption caused by UL synchronization in case the timing advance of the target cell is known beforehand, e.g., zero or same as the serving cell. Details of RACH-less LLM are FFS.
For the remaining steps that cannot be skipped, RAN2 needs to identify which of these can be performed while exchanging user plane data with the source cell. Performing some parts of the UE processing and DL synchronization before the cell switch may impose some requirements on the number of baseband/RF units the UE shall have and may depend on the handover scenario, i.e., intra-/inter- frequency, frequency range 1 or 2, etc. As a result, we propose to send the LS to RAN4 to clarify under which circumstances and scenarios a UE is able to perform some of part of the UE processing and DL synchronization before the UE switch while being served by the source gNB.
Proposal 3: RAN2 to send an LS to RAN4 for clarifying the circumstances and scenarios under which the UE is able to perform part of UE processing and DL synchronization with respect to a target cell while being served by the source gNB.
In contrast to UE processing and DL synchronization, performing UL synchronization with respect to a target cell while being served by the source cell requires that the UE establishes a PHY and MAC layers according to target cell configuration for sending PRACH preamble and receiving the RAR containing the TA. In this case, the UE needs to have dual PHY/MAC protocol stacks, one for serving and another for target cell, that are active at the same time. 
Observation 2: Acquiring the TA of the target cell while being served by the source cell requires two dual PHY/MAC protocol stacks that are active at the same time for source and target cell.
One alternative means to avoid having two active dual lower layers stacks is to allow the UE to detach from the serving cell, acquire the TA of the target cell and then return to the serving cell. The acquisition of the TA for a prepared target cell can be performed in time windows that are configured by the serving cell. However, this may lead to some interruption time on the serving cell radio link as the UE needs to break the communication with the serving cell for the time of TA acquisition.
Observation 3: One alternative to avoid configuring two dual PHY/MAC protocol stacks is to allow the UE to acquire the TA of the target cell by temporarily detaching from the serving cell.
Given that it is not always guaranteed that the UE can acquire the TA of the target cell without interruption using a single protocol PHY/MAC stack, we have slight preference towards the first approach where the UE acquires the TA of the target cell while being served with the source cell, i.e., to have dual active PHY/MAC protocols for serving and target cells.
Proposal 4: In case RACH-less LLM is not possible, e.g. TA of the target cell is not known, UE acquires the timing advance of the target cell before the actual handover occurs. FFS whether one or dual active PHY/MAC stacks are allowed with respect to serving cell and target cells.
Proposal 5: If proposal 4 is agreed in RAN2, the LS to RAN4 can be extended to include the aspect of UL synchronization of a target cell while still being served by the source cell.
In LLM, multiple target cells are prepared beforehand. To limit the implementation complexity at UE side, it is useful to restrict UE processing, DL and UL synchronization (while being served by the source cell) only to the relevant prepared target cells that the UE might handover to. For instance, based on L1/2 measurements, the serving DU may identify the target cell of handover and can instruct the UE to perform DL/UL synchronization with respect to this target cell. Once the UE has performed the DL/UL synchronization with respect to the target cell, the serving DU can instruct the UE to perform the cell switch.
Proposal 6: RAN2 to consider solutions that restrict the execution of UE processing, DL and UL synchronizations only to the relevant prepared target cell(s) that the UE might handover to. Details are FFS.
3	Conclusion
In this document, the following observations have been made:
Observation 1: The current time chart for LLM assumes that the serving cell stops the transmission/reception to/from the UE upon sending the cell switch command.
Observation 2: Acquiring the TA of the target cell while being served by the source cell requires two dual PHY/MAC protocol stacks that are active at the same time for source and target cell.
Observation 3: One alternative to avoid configuring two dual PHY/MAC protocol stacks is to allow the UE to acquire the TA of the target cell by temporarily detaching from the serving cell.
And the following have been proposed:
Proposal 0: Discuss on adopting the term “Lower Layer Mobility” (and its acronym “LLM”) or L2 mobility when discussing the L1/L2-centric mobility.
Proposal 1: For intra-CU LLM, security update can be skipped and excluded from UE processing.
Proposal 2: RACH-less LLM is used to reduce the interruption caused by UL synchronization in case the timing advance of the target cell is known beforehand, e.g., zero or same as the serving cell. Details of RACH-less LLM are FFS.
Proposal 3: RAN2 to send an LS to RAN4 for clarifying the circumstances and scenarios under which the UE is able to perform part of UE processing and DL synchronization with respect to a target cell while being served by the source gNB.
Proposal 4: In case RACH-less LLM is not possible, e.g. TA of the target cell is not known, UE acquires the timing advance of the target cell before the actual handover occurs. FFS whether one or dual active PHY/MAC stacks are allowed with respect to serving cell and target cells.
Proposal 5: If proposal 4 is agreed in RAN2, the LS to RAN4 can be extended to include the aspect of UL synchronization of a target cell while still being served by the source cell.
Proposal 6: RAN2 to consider solutions that restrict the execution of UE processing, DL and UL synchronizations only to the relevant prepared target cell(s) that the UE might handover to. Details are FFS.
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