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Scenarios 
In last meeting RAN4 agreed to define delay requirements for SpCell (PCell/PSCell) change without SCell change. Whether to define requirements for SpCell change with SCell change during the SpCell change (direct SCell activation during LTM HO) is FFS. From NW point of view activating SCells as fast as possible is essential for achieving good throughput. Hence, RAN4 should consider developing requirements for this scenario. 

Proposal 1:    RAN4 to define requirements for SpCell change with direct SCell activation.

Principles for delay 
In last meeting the principles to define cell switch requirements was summarised as following WF. 
· RAN4 works for a general form of cell switch delay requirements and leave the value of some delay components as scenario-dependent, e.g. 
· FR1 to FR1, FR1 to FR2, FR2 to FR1, FR2 to FR2
· With pre-sync and without pre-sync cases
· When one of SCells is promoted to PCell, whether the SCell is for DL-only or both DL/UL
· intra- and inter-frequency cell switch
We think it is a reasonable to agree on the high-level equation first and each of the individual component can take different values based on the scenario. 
Requirements for LTM HO 
HO delay of L3 HO can be represented as Dhandover and Dhandover equals the RRC processing delay of the HO command plus the interruption time. Where the interruption delay includes following components.
· Component 1: Delay for UE SW and HW processing
· Component 2: Delay for Cell search
· Component 3: Delay for obtaining fine timing 
· Component 4: Delay uncertainty in obtaining PRACH preamble or delay uncertainty in reception or transmission of ending point of the LTM cell switch.  
We understand that RAN2 had some discussion on the timeline of the HO and had some basic level of timeline assumption. Which is copied below for reference. 
[image: Timeline

Description automatically generated with low confidence]
Figure 1: RAN2 agreed baseline timeline for L1/L2 inter-cell mobility.

Figure 1 shows the RAN2 agreed baseline timeline for L1/L2 inter-cell mobility. Unlike traditional L3 HO, in the LTM framework, network has prepared a set of candidate configurations, and have given the candidate configuration to the UE before the cell switch command. Since NW has provided configuration to the UE may have processed the message before receiving the actual cell switch command and the processing delay can be divided as two processing delays (Tprocessing,1, Tprocessing,2).  
In previous meetings RAN1/2 agreed that LTM cell switch is conveyed by MAC CE. We think LTM Cell switch command is a starting point to the LTM cell switch delay.
· The LTM mobility trigger information is conveyed in a MAC CE

Assuming the cell switch command is sent after sufficiently long time after the NW provides candidate configurations, UE processing delay for the HO (Tprocessing,2 in the figure 1) can be small compared to actual UE processing delay of L3 HO. We think Tprocessing,1 may be defined by RAN2 and RAN4 may need to define Tprocessing,2. 
Proposal 2:  RAN4 to define Tprocessing,2 and Tprocessing,1 may be defined by RAN2.
LTM HO delay is define as Tcmd + Tprocessing,2 + Tsearch + T∆ + Tmargin+ Tuncertainity/TIU; where Tuncertainity is uncertainty in acquiring ending point of the LTM cell switch. We think RAN4 can follow same ending point as RAN1/2.
Proposal 3:  LTM HO baseline delay equation is Tcmd + Tprocessing,2 + Tsearch + T∆ + Tmargin+ Tuncertainity/TIU
Since MAC CE is agreed as the LTM cell switch command we think delay for processing MAC CE can be same as legacy MAC CE processing time of 3ms. In the MAC CE based TCI state switch requirements, UE applies QCL info or spatial filter information within the 3ms. Similar to that we think UE can apply some actions related to LTM cell switch in the 3ms.

UE processing delay (Tprocessing,2)
RAN2 agreed that UE may not have to perform L2 reset always (how to determine L2 reset is needed or not is under discussion in RAN2) and that means UE processing delay for performing L2 reset may not always be required. Further we also understand that UE may not need to receive or apply full configuration always and, in some scenarios, UE may need to apply only delta configuration while executing the LTM cell switch. 
On Delta Configuration
A UE stores the reference configuration as a separate configuration.
The reference configuration is managed separately 

As processing delay includes UE software processing (e.g., clearing configuration and loading new configuration) and HW processing (RF retuning and baseband retuning). Form RAN2 agreements at least when the delta configuration is provided and when the L2 reset is not performed we think processing delay can be very fast. In our understanding applying delta configuration in some case may be similar to Type 2 DCI based BWP switching and similar delay can be applied for UE processing.  That means this can be as fast as 3ms.
Proposal 4:  Processing delay is 3ms when delta configuration is used and L2 reset is not performed.
Proposal 5:  Processing delay is 0ms for the role change case.
In other scenarios, RAN4 to discuss the processing delay. While discussing the UE processing delay, we should keep in mind that LTM is designed to reduce the HO interruption and large interruption would kill the benefits of LTM.  
Proposal 6:   For all other cases, RAN4 shall try to optimise the UE processing delay so that LTM benefits can be fully realised. 
We also understand that RAN1 agreed to support pre-sync to the candidate cell(s) and RACH transmission may have been performed before cell switch command to the target cell. 
One example where UE can trigger RACH before the cell switch command can be found in the figure 2. 
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Figure 2: Timeline for L1/L2 inter-cell mobility with TA acquisition before cell switch command.

Cell search (Tsearch) 
If UE was configured to perform pre-sync to a candidate cell, before performing DL synchronization UE need to perform cell search. That means for a UE which can perform pre-sync, we can assume that it can perform cell search also during or before pre-synchronization procedure. That means UE do not need extra delay for cell search for this cell. If the UE has not performed pre-sync or UE is not capable of performing pre-sync, then UE need to perform cell search and legacy requirements can be reused. 
Proposal 7:  If UE has performed pre-sync to the target cell before receiving cell switch command, cell search is 0. 
Proposal 8:  If a UE has not performed pre-sync on the target cell, legacy cell search delay can be reused. 
Fine timing (T∆ + Tmargin)
Similar to the cell search, for fine timing acquisition also, if UE has performed pre-sync to a candidate cell, UE have already acquired DL synchronization to the candidate cell and UE do not need extra samples for fine timing acquisition for this cell. If the UE has not performed pre-sync or UE is not capable of performing pre-sync, then UE need to perform fine timing acquisition and legacy requirements can be reused. 
Proposal 9:  If UE has performed pre-sync to the target cell before receiving cell switch command, T∆ + Tmargin is 0. 
Proposal 10:  If a UE has not performed pre-sync on the target cell, legacy fine timing delay can be reused.
Delay uncertainty for endpoint
If the RACH needs to be performed after receiving cell switch command, the ending point of LTM cell switch is PRACH preamble transmission like the legacy HO. If UE received TA value in the cell switch command or before cell switch command or do not need to perform RACH, ending point of the cell switch needs further input or progress in RAN1/2. RAN4 can revisit the ending point and uncertainty in acquiring resources for ending point can be FFS.
Proposal 11:  If UE needs to perform RACH after cell switch command, TIU can be same as legacy
Proposal 12:  If UE need not perform RACH after cell switch command, Tuncertainity is FFS pending on ending point conclusion in RAN2.
     
Summary and Conclusion
In this contribution we have analysed RAN4 aspects for L1/L2 based inter-cell mobility and made following proposals. 
Proposal 1:  RAN4 to define requirements for SpCell change with direct SCell activation.
Proposal 2:  RAN4 to define Tprocessing,2 and Tprocessing,1 may be defined by RAN2.
Proposal 3:  LTM HO baseline delay equation is Tcmd + Tprocessing,2 + Tsearch + T∆ + Tmargin+ Tuncertainity/TIU
Proposal 4:  Processing delay is 3ms when delta configuration is used and L2 reset is not performed.
Proposal 5:  Processing delay is 0ms for the role change case.
Proposal 6:  For all other cases, RAN4 shall try to optimise the UE processing delay so that LTM benefits can be fully realised. 
Proposal 7:    If UE has performed pre-sync to the target cell before receiving cell switch command, cell search is 0. 
Proposal 8:  If a UE has not performed pre-sync on the target cell, legacy cell search delay can be reused. 
Proposal 9:  f UE has performed pre-sync to the target cell before receiving cell switch command, T∆ + Tmargin is 0. 
Proposal 10:  If a UE has not performed pre-sync on the target cell, legacy fine timing delay can be reused.
Proposal 11:  If UE needs to perform RACH after cell switch command, TIU can be same as legacy.
Proposal 12:  If UE need not perform RACH after cell switch command, Tuncertainity is FFS pending on ending point conclusion in RAN2.
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