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Introduction
With the increased amount of mobile services possibly requiring ultra-reliability and low latency, like remote control, aerial, industrial automation, industrial control, or even Augmented Reality (AR) and Virtual Reality (VR), existing mobility solutions in EUTRA may require further enhancements in terms of reduced interruption time (down to 0ms) and improved mobility robustness.
To address the mobility robustness and further reduction in interruption time, RAN#80 plenary approved a work item entitled “Even further Mobility enhancement in E-UTRAN” [1]. 
This contribution highlights the objectives of the WI and discusses the scope of the work in a bit more details, focusing on the mobility robustness enhancements.
[bookmark: _Ref178064866]Discussion
The main objectives of this work item are to do the following enhancements [1]:
· Specify further enhancements to achieve following targets, [RAN2/3]
· reduce user data interruption during handover, which targets as close as possible to 0ms, i.e. relaxed requirements could be considered. 
· improve the robustness during handover,
· Specify necessary core requirements for the identified solutions [RAN4]

In the case of robustness improvements, there can be different types of mobility relates enhancements:
· 1/ Improve mechanisms to avoid mobility failures;
· 2/ Improve recovery mechanisms when a mobility failure occurs;
In the first case, mechanisms are used to avoid mobility failures (i.e. RLFs and handover failures). Among these mechanisms, [1] mentions conditional handover and solutions based on multi-connectivity. In the second case, once a mobility failure is detected, it is desired to recover the connection as fast as possible. Existing mechanisms in EUTRA for recovery in the inter-cell case are RRC re-establishment (triggered upon handover failure or RLF), fast RLF triggered by the expiry of timer T312 (if configured), etc.
In [1], all solutions that are mentioned as examples aim to improve mechanisms to avoid mobility failures. On the other hand, one could argue that solutions that improve recovery mechanisms when a mobility failure occurs (like a faster re-establishment or fat RLF triggering) reduces the interruption time to resume DRBs when a mobility failure is detected, which is also in the high-level object of the WI.
A first discussion in RAN2 to progress the work is whether the WI should address both types of improvements and how. A reasonable way forward could be to possibly prioritize discussions of mechanisms to avoid mobility failures.
[bookmark: _Hlk525222583]For mobility robustness, prioritize solutions aiming the avoidance of mobility failures. Improvements to recovery mechanisms may be treated with lower priority.
Avoidance of mobility failures
The signalling flow below, taken from 36.300, summarizes the existing handover procedure in EUTRAN (intra-MME case):


The network may configure an RRC_CONNECTED UE to perform measurement and trigger measurement reports based on configured events (e.g. A3). Based on that network may take mobility decisions e.g. to handover the UE to one of its neighbour nodes. Then, during a handover preparation phase the source node requests resources to a neighbour node (Handover Request) including the current RRC configuration for the UE so the neighbour node can respond the source node (Handover Request Ack) and in the case the neighbour node accepts the incoming UE it includes an  RRCReconfiguration message with mobilityControlInfo, which may either be a delta signalling or full configuration message that should be applied upon the UE access to that target cell. 
A handover command is then provided to the UE (RRCConnectionReconfiguration including mobilityControlInfo) containing all necessary information to access the target cell e.g. RACH configuration, etc. It also contains an identifier allocated by the target cell (C-RNTI) and security parameters so the UE can send a HO complete message encrypted and integrity protected according to the configuration required to be used in the target cell. In Rel-14, enhancements were introduced aiming to reduce the handover interruption time: RACH-less, Make-before-break and a combination of both. The same principles shown above apply.
Another aspect to be highlighted is that lossless handovers are supported in LTE i.e. packets can be forwarded from a source to a target eNB when a mobility procedure happens. Also, the support for RLC-AM and RLC-UM for the handover command. 

In summary, the following principles can be highlighted for mobility in RRC_CONNECTED in EUTRA:
· Mobility in RRC_CONNECTED is network-based as the network has best information regarding current situation such as load conditions, resources in different nodes, available frequencies, etc.;
· Target cell prepares an RRC reconfiguration enabling UE to access target i.e. target identifies UE from MSG.3 on MAC level, even before for the HO complete message. Hence, there is no context fetching, unless a failure occurs, and re-establishment is triggered;
· Delta and full configurations are supported during RRC_CONNECTED mobility;
· Network-mobility decisions may be assisted by measurements;
· UE is provided with information necessary to access the target e.g. RACH configuration, so the UE does not have to acquire SI prior to the handover;
· UE may be provided with CBRA resource or CFRA resources (to further reduce the risk of failure and/or improve HO interruption time);
· Security is prepared prior to the access of the target cell i.e. keys must be refreshed before sending RRC Connection Reconfiguration Complete message, based on new keys and encrypted and integrity protected so UE can be verified in target cell.

Another procedure that has some equivalent principles but is currently used for suspended RRC_IDLE UEs is the resume procedure. Therein the UE is provided when suspended with a resume identifier that is used by a target cell to identify the UE context and the source cell hosting it. Then, when the UE tries to resume in a target cell it provides that identifier. If the target node is prepared it can identify the UE or fetch the context towards the node having it if the node is not prepared. Once the UE is verified and the context is fetched, the network may reconfigure the UE with an RRCConnectionResume message. The equivalent principles for that procedure are the following:

· As in the handover case, the target cell prepares the RRC reconfiguration that UE uses in the target;
· Network may prepare target cells with the AS context to speed up the resume procedure;
· Network is not mandated to prepare target cells with the AS context i.e. it may rely on context fetching if it wants to.

According to the WID [1], the work should be divided in two phases where in the first phase one should evaluate the proposed solutions, e.g. simultaneous connectivity with both source and target eNB, conditional handover and enhancements to make-before-break, including support of carrier aggregation in source and carrier aggregation in target eNB during handover, and do down selection or merger, if necessary.

Regardless which solution should be standardized or down selected, it seems beneficial in an early phase to agree on some early principles.

The solution(s) for mobility robustness should aim to follow the following principles:
i. Network-based mobility;
ii. Network may prepare a least one target cell(s) and provides UE with the RRC configuration to be used in the target cell;
iii. Network may possibly rely on context fetching;
iv. Delta and full configurations are supported;
v. Network-mobility decisions may be assisted by measurements;
vi. UE is provided with information necessary to access the target e.g. RACH;
vii. UE may be provided with CBRA resource or CFRA resources (to further reduce the risk of failure and/or improve HO interruption time);
viii. Security is prepared prior to the access of the target cell.

UE requirements
Another aspect that needs to be discussed is the requirement on UE transceiver architecture. Some of the solutions listed in [1], assume Dual transceiver architecture. While in our view one should study these solutions, one should make sure that mobility robustness is also applicable for single transceiver UEs, at least for robustness. Then, a combined solution aiming to improve robustness and interruption time may require dual transceivers, at least.

RAN2 should improve robustness for single transceiver UEs (solutions based on multi-connectivity cannot be the only alternative).

Improving the recovery of mobility failures
At least two mechanisms exist in EUTRA for handover failure recovery:
· RRC Connection Re-establishment;
· Fast RLF triggering based on timer T312;
In the first case, upon receiving the HO command (RRCConnectionReconfiguration with mobilityControlInfo) the UE starts a timer T304. If the UE is not able to access the target cell before the timer expires, the UE declares a handover failure, performs cell selection and triggers an RRC Connection reestablishment procedure. During re-establishment SRB1 is resumed and, which is followed up by a reconfiguration to resume the DRBs. In the case of EUTRA, the target cell may either be prepared or not. And, in the case the UE selects a cell in a different RAT it goes via RRC_IDLE, i.e., re-establishment is not initiated, and recovery requires longer latency and more signalling. More details on that can be found in a companion contribution [2].
In the second case, network may configure the UE to perform measurements and an A3 event for a given frequency associated to a T312 timer value. Upon the fulfilment of the configured A3 triggering condition, the timer starts and, upon its expiry, if timer 310 is running (which means the UE may be about to trigger RLF), the UE can speed up the initiation of the re-establishment procedure i.e. it does not need to wait for the expiry of timer T310). Possible enhancements for that could be to trigger re-establishment even if RLF timer is not running. More details on that can be found in a companion contribution [3].
In our view, the scope of possible enhancements to recovery mechanisms should be limited to possible improvements to these existing mechanisms.

Possible improvements to recovery of mobility failures should be limited to:
ix. RRC Connection Re-establishment;
x. Fast triggering based on timer T312;
Conclusion
Based on the discussion in section 2 we propose the following:
1. For mobility robustness, prioritize solutions aiming the avoidance of mobility failures. Improvements to recovery mechanisms may be treated with lower priority.
1. The solution(s) for mobility robustness should aim to follow the following principles:
1. Network-based mobility;
1. Network may prepare a least one target cell(s) and provides UE with the RRC configuration to be used in the target cell;
1. Network may possibly rely on context fetching;
1. Delta and full configurations are supported;
1. Network-mobility decisions may be assisted by measurements;
1. UE is provided with information necessary to access the target e.g. RACH;
1. UE may be provided with CBRA resource or CFRA resources (to further reduce the risk of failure and/or improve HO interruption time);
1. Security is prepared prior to the access of the target cell.
1. RAN2 should improve robustness for single transceiver UEs (solutions based on multi-connectivity cannot be the only alternative).
1. Possible improvements to recovery of mobility failures should be limited to:
i. RRC Connection Re-establishment 
ii. Fast triggering based on timer T312;
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