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1 Background 
The objective of WI RP-181475 [1] (Even further Mobility enhancement in E-UTRAN) is given below.
The main objectives of this work item are to do the following enhancements:
· 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]
As per RAN2#104, offline discussion 61 [4], there is clear majority to peruse non-split bearer architecture as baseline for R16 LTE Mobility enhancements. 

In this document, we are going to discuss RLM procedures and how to reduce the occurrence of RLF declaration and recovery to improve mobility robustness of LTE enhanced MBB HO.   
2 Discussion
The main causes of mobility failures are 1) HO Command delivery failure due to poor source link and 2) RRC Re-establishment due to source link RLF (too later HO) or due to HO failure (i.e., T304 expiry, RACH failure, target cell acquisition failure etc) during traditional HO. The first problem can be addressed by using conditional HO solution agreed in RAN2#104. One possible solution to address the second problem is to adopt the Fast RLF recovery using the T312 timer, which supports the RLF declaration earlier than the expiry of T310. One proactive solution to address the second problem is to enhance the RLM/RLF handling during MBB HO to reduce the occurrence of RRC Reestablishment due to source link RLF or due to HO failures. One possible solution to reduce impact of the second problem is by using Fast RLF recovery using the T312 timer, which supports the RLF declaration earlier than the expiry of T310 and is more of reactive solution.
Below is the text from TS 36.331 [5] on conditions that trigger the RRC connection reestablishment procedure. 
[bookmark: _Toc525856349]RRC Connection Re-establishment:
5.3.7.2	Initiation
The UE shall only initiate the procedure either when AS security has been activated or for a NB-IoT UE supporting RRC connection re-establishment for the Control Plane CIoT EPS optimisation. The UE initiates the procedure when one of the following conditions is met:
1>	upon detecting radio link failure, in accordance with 5.3.11; or
1>	upon handover failure, in accordance with 5.3.5.6; or
1>	upon mobility from E-UTRA failure, in accordance with 5.4.3.5; or
1>	upon integrity check failure indication from lower layers concerning SRB1 or SRB2; or
1>	upon an RRC connection reconfiguration failure, in accordance with 5.3.5.5; or
1>	upon an RRC connection reconfiguration failure, in accordance with TS38.331 [82, 5.3.5.5].
[bookmark: _Ref536803044][bookmark: _Toc871941][bookmark: _Toc878206][bookmark: _Toc878258][bookmark: _Toc878566]Observation 1.   UE performs RRC connection reestablishment on detecting a HO failure (T304 timer expiry) or detecting a radio link failure on an active connection.
When RRC connection reestablishment procedure is to be performed, the UE releases the current RRC configuration, performs cell selection and re-establishes the RRC connection with the selected cell. This procedure results in longer mobility interruption and thus results in more user data interruption. 
[bookmark: _Ref536803045][bookmark: _Toc871942][bookmark: _Toc878207][bookmark: _Toc878259][bookmark: _Toc878567]Observation 2. RRC connection reestablishment results in longer user data interruption and should be minimized when possible.
LTE enhanced MBB HO requires simultaneous connectivity with both source and target cell connections during the HO. This is similar to dual connectivity (DC) feature where the UE has two connections (MCG, SCG) as well. In case of DC, UE fallback to MCG when the SCG fails and does not trigger the RRC Reestablishment. Similarly, for enhanced MBB HO, as both the source cell and target cell connections are kept active, the UE can fallback to the other active connection when UE detects RLF on one connection and not trigger immediate RRC connection reestablishment. This minimizes the instances where the UE has to trigger RRC connection reestablishment during HO and thus improve the mobility performance and robustness.
[bookmark: _Ref536803046][bookmark: _Toc871943][bookmark: _Toc878208][bookmark: _Toc878260][bookmark: _Toc878568]Observation 3.  Both source cell and target cell connections are kept active during enhanced MBB HO and each connection can be used as fall back when other connection fails, to minimize the RLF occurrences during enhanced MBB HO.
2.1. RLM Handling during enhanced MBB HO

As the UE maintains both source cell and target cell connection during enhanced MBB HO, we think that it is necessary to clarify the RLM behaviour in the specifications. As the UE can fallback to source cell connection if enhanced MBB HO fails (T304 expiry), it is necessary to continue RLM on source cell connection until the target cell RACH during enhanced MBB HO or RACH-Less HO is successful. Also, as discussed in our companion paper on MBB HO [2], UE switches the UL data Tx/Rx to target cell connection after successful completion of HO to target cell. After successful HO to target cell, the target cell is considered as the primary connection and hence it is not necessary to continue RLM on source cell connection after enhanced MBB HO execution is successful. UE will continue receiving data on the source cell connection until the network requests UE to release the source cell connection via explicit RRC signalling sent from target cell to UE.
[bookmark: _Ref536803050][bookmark: _Toc871949][bookmark: _Toc878214][bookmark: _Toc878558]Proposal 1.   UE continues RLM on source cell connection even after receiving the enhanced MBB HO command, until the RACH on target cell is successful or successfully receives the PDCCH transmission in case of RACH-Less HO.
[bookmark: _Ref536803051][bookmark: _Toc871950][bookmark: _Toc878215][bookmark: _Toc878559]Proposal 2.   UE performs RLM only on target cell connection once the enhanced MBB handover execution to target cell is successful (i.e. the RACH on target cell is successful or successfully receives the PDCCH transmission in case of RACH-Less HO). 
[bookmark: _Ref536803053][bookmark: _Toc871951][bookmark: _Toc878216][bookmark: _Toc878560]Proposal 3.  When RLF is detected on target cell after successful HO completion and if source cell connection is not yet released by UE, then UE shall resume RLM on source cell as fallback to source cell connection.


2.2. RLF Handling during enhanced MBB HO
To support the fallback behaviour during enhanced MBB HO, the below cases have to be addressed:
· Case 1: Radio link issues observed on Target cell connection, while source cell connection is active during enhanced MBB HO
· Upon T304 timer expiry during enhanced MBB HO or on detecting RLF on target cell after successfully connected to target cell
· During a traditional handover, UE declares RLF and performs RRC connection reestablishment. As source cell connection is active during enhanced MBB HO, UE can operate using the active source cell connection. Thus, UE will not declare RLF and will not trigger RRC connection reestablishment. 
· UE can send RadioLinkFailureInformation to the source eNB with an appropriate failure cause “T304 Expiry or T310 expiry or RandomAccessProblem or RLCMaxReTx” and the target cell  ID. UE can also include MeasResultHO-Failure to include any measurement results available for the target eNB.
· NW can use the RadioLinkFailureInformation to detect the HO Failure and release the UE resources/context on the target eNB. NW can also use this information to trigger an immediate HO to another suitable target cell for this UE by sending a RRC connection reconfiguration message with the new target cell information
· Case 2:  Radio link issues observed on source cell, while connecting or connected to target cell during enhanced MBB HO
· On detecting RLF on source eNB while performing RACH on target eNB or after successfully connected to target eNB, UE will continue operating on target cell without triggering RRC connection reestablishment. 
· If the HO to target eNB also fails due to T304 or RLF after source eNB is released, then UE triggers RRC connection reestablishment as source eNB connection is also released.

[bookmark: _Ref536803047][bookmark: _Toc871952][bookmark: _Toc878217][bookmark: _Toc878561]Proposal 4.   Upon detecting enhanced MBB HO failure (i.e.T304 expiry) or on detecting RLF on target cell connection (while the source cell connection is active) during enhanced MBB HO, UE will declare RLF on target connection but not trigger RRC connection reestablishment and operate using the source cell connection as fallback option.
[bookmark: _Ref536803048][bookmark: _Toc871953][bookmark: _Toc878218][bookmark: _Toc878562]Proposal 5.  When UE falls back to source cell connection as primary (after HO failure or due to loss of target cell connection upon successful HO), UE sends Radio Link Failure information to the source cell including an appropriate failure cause and any available target cell measurement results.
[bookmark: _Ref536803049][bookmark: _Toc871954][bookmark: _Toc878219][bookmark: _Toc878563]Proposal 6.  UE triggers RRC connection reestablishment during enhanced MBB HO only when both the source cell connection and target cell connection fails (due to RLF or enhanced MBB HO failure).











3. Conclusion
[bookmark: _Hlk512894710]Based on the above discussions, we recommend RAN2 discusses the following observations and proposals:
Observation 1. UE performs RRC connection reestablishment on detecting a HO failure (T304 timer expiry) or detecting a radio link failure on an active connection.
Observation 2. RRC connection reestablishment results in longer user data interruption and should be minimized when possible.
Observation 3. Both source cell and target cell connections are kept active during enhanced MBB HO and each connection can be used as fall back when other connection fails, to minimize the RLF occurrences during enhanced MBB HO.

Proposal 1.   UE continues RLM on source cell connection even after receiving the enhanced MBB HO command, until the RACH on target cell is successful or successfully receives the PDCCH transmission in case of RACH-Less HO.
Proposal 2.  UE performs RLM only on target cell connection once the enhanced MBB handover execution to target cell is successful (i.e. the RACH on target cell is successful or successfully receives the PDCCH transmission in case of RACH-Less HO).
Proposal 3.  When RLF is detected on target cell after successful HO completion and if source cell connection is not yet released by UE, then UE shall resume RLM on source cell as fallback to source cell connection.
Proposal 4.   Upon detecting enhanced MBB HO failure (i.e.T304 expiry) or on detecting RLF on target cell connection (while the source cell connection is active) during enhanced MBB HO, UE will declare RLF on target connection but not trigger RRC connection reestablishment and operate using the source cell connection as fallback option.
Proposal 5.  When UE falls back to source cell connection as primary (after HO failure or due to loss of target cell connection upon successful HO), UE sends Radio Link Failure information to the source cell including an appropriate failure cause and any available target cell measurement results.
Proposal 6.  UE triggers RRC connection reestablishment during enhanced  MBB HO only when both the source cell connection and target cell connection fails (due to RLF or enhanced MBB HO failure).
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