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[bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]In the previous RAN2 meetings, RAN2 agreed the high level signalling procedure for LTM. Meanwhile it was agreed that LTM cell switch is supervised by a timer. However the detailed failure handling for L1/L2 Triggered Mobility was not discussed so far. 
Agreement @RAN2#120:
1. The MAC CE agreed to carry LTM related information for cell switch is used for LTM triggering of the cell switch.
2. LTM cell switch is supervised by a timer
3. UE arrival in the target cell need to be indicated (somehow).
This paper further discusses the detailed failure handling for L1/L2 Triggered Mobility.
Discussion
Failure cases for L1/L2 Triggered Mobility
Radio Link Failure
In NR, a UE detecting loss of downlink synchronization, maximum random access attempts or maximum number of RLC retransmissions will declare RLF and trigger the RRC re-establishment procedure. This procedure involves suspending all current transmissions, scanning for the best neighboring cell on the same or neighboring frequency (cell reselection) and triggering the RRC re-establishment procedure in the detected best cell. 
If an RLF eventually occurs after the timer T310 expires, then the UE starts the timer T311 and is required to re-establish the radio connection. Upon the start of the timer T311, the UE attempts a cell reselection. If it is successful, then the UE starts the timer T301 and begins the connection re-establishment procedure with the selected cell. The re-establishment procedure succeeds only if the UE selects a cell of the same gNB or a prepared gNB. In total, this may typically last a few seconds before the UE is resynchronized again with the network, connectivity is restored, and data transmission is resumed.
In case of LTM, the abovementioned radio link failure may occur during the time the UE prepares the LTM handover following the LTM configuration sent from its serving cell. 
Handover Failure
In the legacy L3 HO, the UE starts the T304 timer upon reception of RRCReconfiguration message including reconfigurationWithSync. The UE attempts to access to the target cell following the handover command from the network. However, if the UE can not successfully access to the target cell before the expiry of the timer T304 , the UE may experience handover failure. Upon T304 timer expiry, the UE initiates RRC re-establishment procedure to try to recover the connection with the network. 
In case of LTM, it was agreed that “LTM cell switch is supervised by a timer”. If the UE can not successfully access to the target cell after receiving the LTM cell switch command before the expiry of the timer for LTM , the UE may experience handover failure. 
Following the discussion on both RLF and HOF above, the question is should the UE trigger RRC re-establishment procedure to try to recover the connection with the network. However, it will take a long time for the UE to reconnect to the network using legacy RRC re-establishment procedure, since it require the UE to apply full reconfiguration during the process. In addition, with legacy handling, the UE may perform RRC re-establishment with a cell out of the candidate LTM cell set, which may cause unnecessary delay and/or connection failure. Hence, it is proposed that legacy RRC re-establishment procedure should be avoided during these failure cases.  

Proposal-1: Legacy RRC re-establishment procedure is not immediately triggered following the RLF and HOF declared by the UE during its LTM or its LTM preparation stage.  

Possibility for Fast Recovery from Connection Failure 
During LTM preparation, the UE is configured with LTM candidate cells, containing an LTM candidate configuration the UE may apply during LTM cell switch. Particularly, during the LTM preparation stage, the UE may acquire the TA from some of cells within LTM candidate cells following the actual configuration. For example, PDCCH order based RACH may be performed by the UE to enable early TA acquisition before the actual cell switch happens. As can be seen, the UE is well prepared to access one or more cells as configured by the network at LTM preparation stage. From the network perspective, the UE’s context is also available at these cells, since intra-DU or inter-DU coordination can ensure that the same DU or the target DU hosts the UE context during LTM configuration preparation stage.
According to the discussion above, we can see the cells within LTM candidate cell set, especially the cell that the UE has already acquired the TA, present the best potential for the UE to recover its connection with the network in case of radio link failure or handover failure (for both LTM and legacy handover).
As the discussion of LTM only involves the intra-CU case, then if the RRC connection is successfully recovered (or say kept), the same PDCP entity still runs after failure recovery. Then the whole L3 can be subject to no change during this type of recovery procedure. Since the recovery only involves the operation at L1/L2, it seems like a LTM procedure without cell switch command. As the last resort to recover the connection, the UE behaviour here can be equal to an autonomous LTM operation.   

Proposal-2: UE autonomous LTM operation is allowed to recover its connection with network following RLF or HOF during its LTM or its LTM preparation stage.

Fast Recovery from Connection Failure 
It should be highlighted that the connection with the network would be subject to easy loss during LTM operation, since the L1 measurement based cell switch may direct the UE to switch to a cell where the UE may measure the strong signal occasionally. Without a solution for fast recovery for the UE during connection loss, LTM operation performance may be degraded a lot. 
With the configuration of LTM candidate target cells, especially with some of cells the UE has acquired and maintains the TA, it is possible for the UE to perform fast recovery towards these cells when there is a connection loss due to traditional RLF/HOF, or due to frequent LTM operation. 
As a potential handling, the UE can be expected to quickly recover its connection with the network towards the cells where the UE maintains the TA, since in this case, no random access may be needed before accessing the such cell(s). Furthermore, the legacy RRC reestablishment procedure tightly follows the cell (re)selection after UE’s connection failure, however, it should be highlighted that in the case of LTM, the UE’s determination to attempt to recover its connection with network via a cell with TA available is not a consequence of cell (re)selection procedure. The reason is that in order to maintain the TA for the cell, the UE has been continuously measuring these cells, which replaces the need to perform traditional cell (re)selection procedure after connection failure.   

Proposal-3: UE performs fast recovery towards the cells where UE maintains the TA to recover its connection with network following RLF or HOF during its LTM or its LTM preparation stage.

Proposal-4: UE’s decision on the cell (e.g. TA available cell) to attempt to recover its connection with network is not a consequence of cell (re)selection procedure.

In the case of fast recovery for LTM, the UE performs autonomous RACH-less LTM Cell Switch, when there is a TA available cell. As LTM Cell Switch is made to the same CU, there is no need to take PDCP reestablishment during this procedure. However, the UE’s PDCP data delivery to the lower layer may experience temporary suspension until successful fast recovery is performed to a target cell hosted by the same CU. The UE may make a configured grant based UL transmission during this RACH-less LTM Cell Switch for fast recovery, where a C-RNTI MAC CE can be included (with a possible piggybacked BSR). The target gNB-DU/cell can identify the UE via this C-RNTI MAC CE, and update the UE context together gNB-CU, which then complete the UE access. With this said, there may be need to transmit a RRC layer message (e.g., RRCReconfigurationComplete or RRCReestablishment) to the gNB-CU for the purpose fast recovery, which is supposed to be limited at L1/L2.       

Proposal-5: During LTM fast recovery, configured grant based UL transmission is supported for  RACH-less fast recovery, where a C-RNTI MAC CE can be included for UE identification at network side.
Proposal-6: During LTM RACH-less fast recovery, no RRC layer message is sent from the UE to the network.

Timer based Supervision for LTM and its fast recovery 
In legacy L3 based mobility, a RRC layer timer, T304 is used to control the HO procedure. The UE starts the T304 timer upon reception of RRCReconfiguration message including reconfigurationWithSync and stops the T304 timer upon successful completion of its random access towards the target cell. Upon T304 timer expiry, the UE initiates RRC re-establishment procedure.
In RAN2#120, it was agreed that “LTM cell switch is supervised by a timer”. Considering that the LTM is L1/L2-based mobility, there may be a possibility to introduce a new MAC timer. However, the MAC reset will be necessary at least in some cases (e.g. inter-DU), so an RRC timer is more appropriate. A question is whether the legacy timer (e.g. T304) is reused or not. Even though the T304 can be applied with a certain modification of start/stop conditions in RRC spec, the LTM operation is a different procedure from the legacy mobility. Thus a new RRC timer will be more clear and suitable.
Given that the LTM cell switch is supervised by the RRC timer, it should be confirmed that the MAC layer indicates to the RRC layer upon receiving the cell switch MAC CE triggering the LTM at the UE. In other words, the start timing of the new RRC timer is the indication from the MAC layer.
Proposal-7: RAN2 to assume a new RRC timer to supervise the LTM cell switch.
Proposal-8: The new RRC timer for the LTM cell switch starts upon receiving the indication from the MAC layer. 
The expiry of the timer that supervises the LTM cell switch means the attempt for LTM cell switch fails. Then the UE is expected to perform fast recovery (as explained in section 2.3) towards the best cell within LTM candidate cell set to recover the RRC connection. This fast recovery operation may be supervised by an additional RRC timer. It can be started upon the failure of LTM cell switch. If the UE can not take fast recovery to reconnect to the network. The UE may perform cell (re)selection and trigger the RRC re-establishment procedure in the detected best cell, as fall backed failure handling.    
Proposal-9: The fast recovery following the failure of LTM cell switch is governed by an additional RRC timer.
Proposal-10: The traditional RRC re-establishment procedure is triggered following the failure of LTM fast recovery.
 
Conclusion and Proposal
We have the following proposals:
Proposal-1: Legacy RRC re-establishment procedure is not triggered following the RLF and HOF declared by the UE during its LTM or its LTM preparation stage.
Proposal-2: UE autonomous LTM operation is allowed to recover its connection with network following RLF or HOF during its LTM or its LTM preparation stage.
Proposal-3: UE performs fast recovery towards the cells where UE maintains the TA to recover its connection with network following RLF or HOF during its LTM or its LTM preparation stage.
Proposal-4: UE’s decision on the cell (e.g. TA available cell) to attempt to recover its connection with network is not a consequence of cell (re)selection procedure.
Proposal-5: During LTM fast recovery, configured grant based UL transmission is supported for  RACH-less fast recovery, where a C-RNTI MAC CE can be included for UE identification at network side.
Proposal-6: During LTM RACH-less fast recovery, no RRC layer message is sent from the UE to the network.
Proposal-7: RAN2 to assume a new RRC timer to supervise the LTM cell switch.
Proposal-8: The new RRC timer for the LTM cell switch starts upon receiving the indication from the MAC layer.
Proposal-9: The fast recovery following the failure of LTM cell switch is governed by an additional RRC timer.
Proposal-10: The traditional RRC re-establishment procedure is triggered following the failure of LTM fast recovery.
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