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1	Introduction
Regarding the LTM cell switch execution, RAN2 made these agreements so far:
RAN2#119bis-e:
	FFS how the UE determine the BWPs (for DL and UL) to be used upon the execution of L1/L2 inter-cell mobility
RAN2 assumes L1/2 mobility trigger information is conveyed in a MAC CE, FFS if the MAC CE or a DCI is used for the actual triggering. 
RAN2 assumes the MAC CE for L1/2 mobility trigger contains at least a candidate configuration index. 
FFS if it should be possible to perform SCell activation/deactivation (amongst SCells associated with the candidate configuration) simultaneously with L1 L2 mobility trigger MAC CE (if so, FFS how this is determined).
RAN2 assumes that both RACH-based (CFRA, CBRA) and RACH-less procedures for L1 L2 mobility switch may be supported. RACH-less if the UE doesn’t need to acquire TA during the cell switch. RAN2 understands that the feasibility of RACH-less may depend on RAN1, and expect that RAN1 is working on this. 
RAN2 assumes RACH resource for CFRA for L1 L2 dynamic switch may be provided in RRC configuration (or potentially by MAC CE FFS). 
FFS if the MAC CE can indicate TCI state(s) (or other beam info) to activate for the target Cell(s), dep on RAN1 progress.



RAN2#120:
	The MAC CE agreed to carry LTM related information for cell switch is used for LTM triggering of the cell switch.
LTM cell switch is supervised by a timer
UE arrival in the target cell need to be indicated (somehow)



RAN2#121:
	agree to use Model 1: One RRCReconfiguration message for each candidate target configuration RRCReconfiguration to configure target candidate cells
To determine if to reset L2 or not is based on RRC configuration (e.g. set of cells. FFS if separate for RLC, MAC, PDCP). 



RAN2 has made some progress on the LTM cell switch execution, as seen from the selection of agreements listed above. 
LTM cell switch is a procedure which contains actions in both RRC and lower layers including MAC and the physical layer. The stage-3 drafting now starting as well and in RAN2 will have running CRs for at least RRC and MAC that are supposed to capture detailed UE actions. To pave the way for this stage-3 drafting, this contribution focuses the inter-layer aspects of these UE actions during LTM cell switch execution.
[bookmark: _Ref178064866]2	Discussion
The LTM cell switch procedure is quite different from all other mobility procedures, which is inherited by how LTM was defined in the first place and what it aims to fulfil in terms of e.g. latency and interruption time.
· LTM preparation: The RRC layer configured the UE with LTM candidate cells and resources for e.g. L1 measurements of those cells.
· Measurements and early sync: The physical layer then measures on those cells, transmits L1 measurement reports and may perform early UL/DL sync.
· LTM execution: The MAC layer is used for the transmission of the trigger to execute the LTM cell switch in the UE as the UE receives MAC CE with the LTM cell switch command. The LTM cell switch command contains a pointer to one of the previously configured LTM candidate cell configurations in the RRC layer, while the beam indication is mainly used to configure the physical layer during the switch.
As this contribution focuses on the LTM execution, we will now go into the different actions to be taken by the UE during the execution. These UE actions are performed in different layers and also there is a dependency between the actions as they need to be taken in a certain order. 
In the 3GPP specifications we usually model this inter-layer interactions using simplified OSI type of primitives such as “requests” and “indications” towards “upper layers” and “lower layers” etc. There are different approaches on how detailed we want to specify those actions but we don’t want to specify the UE actual implementation e.g. which detailed information is passed between the layers, but instead referring to the information elements inside the messages. This make sense, as we can only observe the external UE behaviour, we should avoid having actions that does not make a difference from external behaviour point of view and leave most freedom up to the UE how these interactions are actually implemented.
In Figure 1 we illustrate the how UE actions are split between layers including the inter-layer interactions for the successful execution of LTM cell switch. In the example here, for the purpose of this description, in the figure we assume that the RRC layer transmits an RRCReconfigurationComplete message when the RRC procedure for the LTM cell switch is considered as completed. However, in case we decide that an RRCReconfigurationComplete message will not be transmitted in the target configuration during LTM cell switch, we need to introduce some new type of indication the UE arrival in the target cell.




[bookmark: _Ref130989528]Figure 1. Example of UE actions and inter-layer interactions during successful LTM cell switch
Here is a description of the steps using the numbering in Figure 1.
1. The UE receives an LTM cell switch command to trigger an LTM cell switch procedure, contained in MAC CE(s). The LTM cell switch command contains at least an identity of the LTM candidate cell configuration for the LTM candidate cell and dynamic information, such as a beam indication, TA value, UL grant, etc.
2. The UE MAC layer decodes and starts the processing of the received MAC CE(s) with the LTM cell switch command and finds the identity of an LTM candidate cell configuration.
3. The MAC layer indicates, to the RRC layer in the UE that an LTM cell switch procedure is executed and forwards the LTM candidate cell configuration identity. This is a new type of indication.
4. Triggered by the received indication with an identity of an LTM candidate cell configuration from MAC, the RRC layer starts the LTM execution procedure, where it applies, the applicable complete RRC LTM candidate cell configuration that was generated when previously receiving the LTM candidate configuration. We assume here that the LTM cell switch supervision timer is an RRC timer, which now is started.
5. The RRC layer determines whether or not to perform L2 reset, including MAC reset, partial MAC reset, full MAC reset, RLC re-establishment and/or PDCP recovery/re-establishment, based on the content of the LTM candidate cell configuration. If RRC determines to perform MAC reset or partial MAC reset, the RRC layer indicates to MAC to perform the reset. MAC reset exists today, but for LTM purposes the MAC reset may not include all the actions (at least for the partial MAC reset used for intra-DU) so MAC layer needs to at least know it is “partial MAC reset for LTM” rather than a normal “MAC reset”. So the request for (partial) MAC reset for LTM is also a new type of indication.
6. The MAC, RLC and/or PDCP layers perform the reset / re-establishment / recovery based on the received request from RRC.
7. The RRC layer continues with the LTM cell switch procedure, for instance, it may configure the lower layers with parameters, e.g. parameters included in the LTM candidate cell configuration. The RRC layer indicates to lower layers to apply the dynamic information received with the LTM cell switch command, as the LTM candidate cell configuration has now been applied. This is a new type of indication. Note that this indication and the request for L2 reset  / MAC (partial) reset may be merged into a single indication.
8. As response to receiving the indication from RRC, MAC and the physical layer can now continue to apply the dynamic information received with the LTM cell switch command The MAC layer may now, for example, apply a TA value for the target cell received with the LTM cell switch command. UE also switches to the TCI state(s) in the target cell(s) according to the target beam information received with the LTM cell switch command and the already applied LTM candidate cell configuration. Note that MAC and PHY cannot apply the received target beam information until after RRC has applied the LTM candidate cell configuration.
9. Lower layers indicate to RRC that the MAC processing of the LTM cell switch command and the received beam indication has been successfully completed. This is a new type of indication.
10. RRC now finalizes the RRC processing LTM cell switch procedure and may apply some more parameters which need to be configured only after the beam indication has been applied.
11. In this example we assume that RRC will send an RRCReconfigurationComplete message when the RRC LTM execution procedure comes to an end. This RRC message is the way to trigger lower layers to transmit an uplink indication of the UE arrival in the target cell. However, in case we decide that an RRCReconfigurationComplete message will not be transmitted in the target configuration during LTM cell switch, we need to introduce some new type of indication from RRC to MAC to trigger the UE indicating its arrival in the target cell.
12. If needed, MAC triggers a random access or scheduling request procedure. Normally this is determined by MAC itself (such as whether there is a valid TA and UL grant when some data needs to be transmitted). The alternative is the RRC explicitly triggers random access as a way to override MAC and force random access even if criteria in MAC for not using RACH is fulfilled.
13. Lower layers initiate the transmission of the RRCReconfigurationComplete message to the candidate DU on an uplink physical channel.
14. UE transmits the RRCReconfigurationComplete message.
15. Lower layers indicate to RRC that the RRCReconfigurationComplete message has been transmitted or alternatively, that a random access procedure was performed.
16. Based on the indication from lower layers, RRC determines that the LTM cell switch procedure was successful and stops the supervision timer (such as a T304 timer). The LTM cell switch procedure ends.
The above example illustrates that inter-layer interaction is needed to ensure a proper order between actions in the different layers. 
In order to give a more detailed example, in the annexes A-B we prove informal text proposals for MAC and RRC, which focus on the inter-layer interactions. Note that these text proposals are provided only for information (and inspiration) as they do not replace the running CRs, including [1].
We propose:
[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc131757644]UE shall apply the dynamic information received within the LTM cell switch (MAC CE) only after the RRC LTM candidate cell configuration has been applied.
[bookmark: _Toc131757645]UE determines that the LTM cell switch procedure has been successfully completed by either successfully complete random access or (for RACH-less case) successfully transmitting a message indicating to the UE the arrival in the target cell (e.g., RRCReconfigurationComplete).
[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc131757646]To ensure proper order between actions in different layers during LTM cell switch, the stage-3 specifications to use the interactions between RRC and lower layers in Figure 1. The text proposals in this contribution provide examples for how these interactions can be specified.
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Conclusion

Based on the discussion in the previous sections we propose the following:
Proposal 1	UE shall apply the dynamic information received within the LTM cell switch (MAC CE) only after the RRC LTM candidate cell configuration has been applied.
Proposal 2	UE determines that the LTM cell switch procedure has been successfully completed by either successfully complete random access or (for RACH-less case) successfully transmitting a message indicating to the UE the arrival in the target cell (e.g., RRCReconfigurationComplete).
Proposal 3	To ensure proper order between actions in different layers during LTM cell switch, the stage-3 specifications to use the interactions between RRC and lower layers in Figure 1. The text proposals in this contribution provide examples for how these interactions can be specified.
[bookmark: _In-sequence_SDU_delivery]
Annex A: 	Informal TS 38.321 (MAC) Text Proposal

5.x	L1/L2 Triggered Mobility
Upon reception of a LTM Cell Switch MAC CE the MAC entity shall:
1> indicate that an LTM cell switch procedure is triggered to upper layers, including the LTM candidate cell configuration identity received in the LTM Cell Switch MAC CE;	Comment by Ericsson: This corresponds to the indication 3 in figure 1
1>	when upper layers request to apply the dynamic information in the LTM cell switch MAC CE:	Comment by Ericsson: This corresponds to the request 7 in figure 1
2>	if the LTM Cell Switch MAC CE includes a Timing Advance Command:
3>	apply the Timing Advance Command for the PTAG;
3>	start or restart the timeAlignmentTimer associated with the PTAG.
2>	else:
2>	stop the timeAlignmentTimer associated with the PTAG.
2>	if the LTM Cell Switch MAC CE includes a TCI state activation:
3> indicate to lower layers the information regarding the TCI States Activation/Deactivation.
2> if the LTM Cell Switch MAC CE includes an UL grant:
3> process the received UL grant value and indicate it to the lower layers
2>	<other MAC actions related to received MAC CE(s)>
2> indicate to upper layers that the processing of the LTM Cell Switch MAC CE has been successfully completed.	Comment by Ericsson: This corresponds to indication 9 in figure 1




Annex B: 	Informal TS 38.331 (RRC) Text Proposal

5.3.5.x.5	LTM cell switch execution
Upon the indication by lower layers that an LTM cell switch procedure is triggered, the UE shall:	Comment by Ericsson: This corresponds to the indication 3 in figure 1
1>	Start timer T3xx;
1>	if the LTM candidate cell configuration indicates “full” MAC reset:
2>	indicate to MAC to perform “full” MAC reset;	Comment by Ericsson: This corresponds to the indication 5 in figure 1
1> else
2>	indicate to MAC to perform “partial” MAC reset;	Comment by Ericsson: This corresponds to the indication 5 in figure 1
1>	apply the LTM candidate cell configuration stored in variable X related to the LTM candidate cell configuration identity as indicated by lower layers;
1>	request lower layers to apply the dynamic information in the LTM cell switch MAC CE;	Comment by Ericsson: This corresponds to the request 7 in figure 1
1> <other RRC actions that need to be performed after lower layers applied dynamic information>
1>	when lower layers indicate that the processing of the LTM Cell Switch MAC CE has been successfully completed:	Comment by Ericsson: This corresponds to indication 9 in figure 1
2>	submit an RRCReconfigurationComplete message lower layers for transmission using the new configuration;	Comment by Ericsson: This corresponds to the request 11 in figure 1
1>	when lower layers indicate that the RRCReconfigurationComplete message has been transmitted or a successful random access procedure:	Comment by Ericsson: This corresponds to indication 15 in figure 1
2>	stop timer T3xx;
2>	the procedure ends.
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