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Introduction 
In this paper, we intend to bring the up the UE procedures that warrant a revisit of the handover (LTM cell switch) and link failure handling for LTM .
LTM is intra-CU and this aspect alone removes a lot of recovery procedures that are generally involved when the UE connects to the NW for connection re-establishment.
RRC connection re-establishment
The legacy procedure in LTE and NR in re-establisment of the RRC connection following a link or handover failure entails the below key steps:
· UE releases the dedicated config (reverts back to source cell common config in case of handover failure)
· UE searches for a suitable cell to camp on
· When such cell is found, initiates a re-establishment procedure with the following
· Create a RRC re-estabishment message
· Add the UE identity for the NW to retrieve the UE context
· Add the security (integrity) using previous security context
· Add necessary cause for the failure
· Re-establish PDCP for SRB1
· Re-establish RLC
· Send the RRC message
· Once the restablishment related reply is received (assuming that the UE context if fond at the NW)
· Check the security validity 
· Apply the config (likely restore configuration) 
· Re-estabish the L2/L3 datapath.

LTM and same CU
Since the CU does not change with LTM, the PDCP state (including the associated security context) does not need to change as the UE tries to re-establish a failure LTM link.
In other words, even when the lower-layers have a failure (due to a link failure at the DU), the PDCP context and operation does not need to be reset and started: as long as the UE tries to re-connect to the same CU (via any other cell/DU as long as that DU is linked to the same CU)
Observation 1: RRC connection re-establishment can be simplified in case the UE tries to connect to the same CU.
Observation 2: Current re-establishment procedure at the UE in NR does not take any assumptions that the UE can potentially connect to the same CU. In other words, the procedure makes no assumption and is defined with the intention that the NW is provided with enough UE information to try and get the UE context, and while at the UE, the L2/L3 is reset/released and is assumed to be restored later on based on the NW response to the re-establishment message.
Observation 3: LTM inherently operates with the design that all the LTM candidate cells operate with the same CU.
On the other hand, it is intended that the UE can be configured with LTM and legacy L3 mobility configuration at the same time, as the deployment and UE location could be such that the UE might be at the border of a LTM NW with a non-LTM CU as the neighbor. 
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Observation 4: The UE can be configured with legacy L3 mobility at the same time as the LTM config. However, the UE is aware of the candidate LTM cells and can know if the cell it finds after a link failure, belongs to the same CU that the UE was in connection with.
Faster recovery with same CU 
In case the UE is aware that the target cell it is trying to send the re-establishment is driven by the same CU, several of the link recovery steps the UE has to take, can be removed or reduced. We list below highlighting the changes/reductions in such a case.
· UE releases the dedicated config (reverts back to source cell common config in case of handover failure) -> UE can keep the PDCP context for SRBs and DRBs
· UE searches for a suitable cell to camp on
· When such cell is found (and it is the same CU), initiates a re-establishment procedure with the following
· Create a RRC re-estabishment message
· Add the UE identity for the NW to retrieve the UE context
· Add the security (integrity) using previous security context -> Continue with the existing security context
· Add necessary cause for the failure
· Re-establish PDCP for SRB1 
· Re-establish RLC -> do not need to re-establish in case of intra-DU
· Send the RRC message
· Once the restablishment related reply is received (assuming that the UE context if fond at the NW)
· Check the security validity 
· Apply the config (likely restore configuration) 
· Re-estabish the L2/L3 datapath. -> recover PDCP as needed

As can be seen above, the recovery process can be more efficient and the latency can be further reduced, as some of the unnecessary steps can be removed/modified with the view that the CU (PDCP context) has not changed.
First-up, even when the mobility handling is done at L2 and below, gNB-CU is involved in this, and while the measurement configuration and handling is still to be concluded, we assume that CU would be driving this, as well as the handover/cell switch related triggers/functions. So any failure in such actions still require that the gNB-CU is aware of, and be given a chance to re-eastablish/configure. Just leaving this L2 alone is not foolproof.
Observation 5: Even though the mobility is being driven out of L2/L1, gNB-CU is still involved in the mobility aspects (for eg meas and other mobility configuration etc) and so gNB-CU needs to be involved in link recovery. L2 based link recovery is localized and is not comprehensive, potentially needing several additional message exchanges. It is better to be controlled centrally in the CU
Based on the above, we propose the below:
Proposal 1: LTM link failure recovery is done using RRC and the recovery messages are exchanged between the UE and the gNB-CU.
Proposal 2: RAN2 to modify the RRC re-establishment with LTM procedure to make use of the fact that the CU does not change in case the recovery is using a candidate LTM cell.  
Principles of LTM link recovery
While we acknowledge that many of the LTM aspects including cell switch are under discussion, we think some basic agreements on the LTM link recovery principles can help RAN2 progress further.
We propose the below to that effect:
Proposal 3: For LTM supporting UE ,if there is a link failure in LTM, the UE does not atleast release the PDCP context for SRB and DRB and applies this if the UE finds a suitable cell that is part of the LTM candidate configuration. If the suitable cell found is not part of the LTM candidate configuration, the UE falls back to the legacy procedure. 
Proposal 4: If the UE finds a suitable cell that is part of the LTM candidate configuration as part of link failure recovery, the UE directly sends the re-establishment message using the current PDCP context for SRB1.
We anticipate that their might be concern in re-using the same RRC restablishment message for the new LTM re-establishment. While do not see the need to see this as a new message, we are ok with a discussion and on creating a new RRC message if needed. But the key element here is that the NW needs to know that this is a re-establishment based on LTM.
In case the existing RRC message is used, atleast a new cause is needed to that effect.
Proposal 5: RAN2 to discuss if a new RRC message type is to be created for the re-establishment request which is sent on SRB1 or a new re-establishment cause can be added to the existing message type.
Since the UE context maintenance at the NW, as well as the datapath related timers can be different related to the legacy link recovery procedure, we think it would be better to have a configuration that informs how long the UE should keep the context before falling back to the legacy link recovery procedure.
Proposal 6: UE falls back to the legacy link recovery procedure based on the expiry of a new timer. Before this timer expires, the UE follows the LTM link recovery. RAN2 to discuss if this timer is static (specified in the spec) or configurable.
Conclusions
Observation 1: RRC connection re-establishment can be simplified in case the UE tries to connect to the same CU.
Observation 2: Current re-establishment procedure at the UE in NR does not take any assumptions that the UE can potentially connect to the same CU. In other words, the procedure makes no assumption and is defined with the intention that the NW is provided with enough UE information to try and get the UE context, and while at the UE, the L2/L3 is reset/released and is assumed to be restored later on based on the NW response to the re-establishment message.
Observation 3: LTM inherently operates with the design that all the LTM candidate cells operate with the same CU.
Observation 4: The UE can be configured with legacy L3 mobility at the same time as the LTM config. However, the UE is aware of the candidate LTM cells and can know if the cell it finds after a link failure, belongs to the same CU that the UE was in connection with.
Observation 5: Even though the mobility is being driven out of L2/L1, gNB-CU is still involved in the mobility aspects (for eg meas and other mobility configuration etc) and so gNB-CU needs to be involved in link recovery. L2 based link recovery is localized and is not comprehensive, potentially needing several additional message exchanges. It is better to be controlled centrally in the CU



Proposal 1: LTM link failure recovery is done using RRC and the recovery messages are exchanged between the UE and the gNB-CU.
Proposal 2: RAN2 to modify the RRC re-establishment with LTM procedure to make use of the fact that the CU does not change in case the recovery is using a candidate LTM cell.  
Proposal 3: For LTM supporting UE ,if there is a link failure in LTM, the UE does not atleast release the PDCP context for SRB and DRB and applies this if the UE finds a suitable cell that is part of the LTM candidate configuration. If the suitable cell found is not part of the LTM candidate configuration, the UE falls back to the legacy procedure. 
Proposal 4: If the UE finds a suitable cell that is part of the LTM candidate configuration as part of link failure recovery, the UE directly sends the re-establishment message using the current PDCP context for SRB1.
Proposal 5: RAN2 to discuss if a new RRC message type is to be created for the re-establishment request which is sent on SRB1 or a new re-establishment cause can be added to the existing message type.
Proposal 6: UE falls back to the legacy link recovery procedure based on the expiry of a new timer. Before this timer expires, the UE follows the LTM link recovery. RAN2 to discuss if this timer is static (specified in the spec) or configurable.
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