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1	Introduction
[bookmark: _GoBack]RAN#80 plenary approved a Work Item (WI) entitled “Even further Mobility enhancement in E-UTRAN” to address mobility optimizations that were not included in Release 15 [1]. One of the objectives of the WI is to:
· 	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. 
Having optimizations that minimize the number of failed handovers should be given the highest priority. However, handover failures and radio link failures cannot be avoided for all UE speed and use cases. As such, it is also important to optimize failure recovery to minimize user data interruption time.
2	Baseline failure recovery mechanisms
Handover could fail for many reasons. One of the main causes of handover failure is due to Radio Link Failure (RLF) while Time to Trigger (TTT) is running. The RLF may occur before Measurement Report (MR) is triggered, or after the MR is sent but due to the poor radio link the Handover Command (HO CMD) is not successfully received.
Considering the envisioned dense deployment and use cases with high UE speed, it will be difficult to achieve zero handover and radio link failures. Thus, it is important to have efficient mechanisms for failure recovery. The baseline failure recovery mechanisms are discussed below, considering the enhancements in NR that can be applied for LTE.
2.1	Failure recovery through NAS signalling
Failure recovery using NAS signalling is usually applied as a last resort if recovery through AS signalling fails, e.g. if RRC Reestablishment procedure fails. This is done by discarding the AS context in the UE and initiating RRC Setup procedure to create a new AS context. To reduce interruption time, for example in NR, the network can immediately send RRC Connection Setup when it realizes RRC Reestablishment procedure fails as shown in Figure 1 [2]. 
2.2	Failure recovery through RRC signalling
As the objective of failure recovery is to re-establish the RRC connection between the UE and the RAN, it will be natural to achieve this using RRC signalling. RRC Reestablishment procedure is used to this end, which is shown in Figure 2 with possible enhancements [3]. When UE decides the radio link to the source eNB fails, or the MCG link fails in dual-connectivity, it initiates RRC Reestablishment procedure to the best available cell. RRC Reestablishment fails only if valid UE AS context cannot be found to verify the UE.
Observation 1: It is beneficial to adopt NR recovery enhancements in LTE.
Proposal 1: Failure recovery using NAS signalling should be avoided when it is possible to recover from the failure using RRC signalling.



[bookmark: _Ref528149461]Figure 1: RRC re-establishment, fallback to RRC establishment, successful


[bookmark: _Ref528149437]Figure 2: RRC connection re-establishment, successful
3	Factors affecting interruption time during failure recovery
Minimizing the interruption time during HO or failure recovery is important due to its impact on UE service quality. We will discuss factors that affect the interruption time during failure recovery without considering their impact on the network.
3.1	The type of signalling used for recovery
The signalling type used for failure recovery has a significant impact on the interruption time. Using NAS signalling leads to the largest interruption time as this involves Core Network (CN) entities and is accompanied by creating new AS context. Therefore, it is important to use RRC signalling to recover failure whenever possible.
3.2	System information availability
After RLF/HOF and finding a suitable cell for failure recovery, the UE need to synchronize with the selected cell. For this purpose, it need to obtain the necessary system information and proceed with RACH procedure. System information acquisition and RACH preamble transmission failure might have a considerable impact on failure recovery latency.
3.3	Declaration of RLF/HOF
The UE does not declare RLF immediately as link quality may improve or to avoid a false alarm due to unstable measurement. Due to this, when a bad link is detected, the UE waits for a specific time, i.e. T310 duration, before declaring an RLF. However, the link may not be recovered. In this case, the UE must wait for the duration of T310 before it even declares RLF and thus before initiating the recovery procedure. Therefore, it may be beneficial to expedite the declaration of RLF if it is done with minimal false alarm. However, if the early declaration only happens after a measurement report has been sent out by the UE and T310 was already running, we can assume that it won’t lead to false alarm. For example, T312 is used for this purpose and an extension of this approach is discussed in [4].  
3.4	Expedited conditional handover
When the link between UE and source eNB is poor and there is a prepared cell for handover, expediting the handover process might be useful to avoid RLF and recover from a potential handover failure. In conditional handover, there is at least one cell prepared for handover. However, there is a risk that the link between the UE and the source cell fails while the UE is waiting for the condition to execute handover is met. Therefore, it is beneficial to initiate handover towards a prepared cell as early as when the condition for initiating T310 is met, even if the condition for initiating handover execution is not met yet, to avoid RLF and minimize the service interruption time.
Proposal 2: UE may initiate handover execution towards a prepared cell as early as when the condition to initiate T310 is met even if the condition for handover execution is not met.
3.5	Suitable cell selection for RRC recovery
Measurements need to be averaged to filter out the effect of fading and measurement errors before they can be reliably used for mobility decisions. However, if the measurement periodicity is large, e.g. due to large DRX cycles, it takes some time to get a reliable measurement. Thus, the selection of a suitable cell for failure recovery might delay the recovery if reliable measurement cannot be obtained on time.
3.6	UE AS context availability
When the UE initiates failure recovery, the selected eNB for recovery needs to have UE’s AS context for the recovery to succeed. If the context has been proactively provided to the new eNB, for example, as part of HO preparation, the recovery procedure can be completed solely using signalling exchange between the UE and the new eNB. However, if the new eNB does not have UE context, it needs to fetch UE context from the source cell for the recovery to be successful. This incurs additional interruption if the new eNB and the source eNB are connected with non-ideal interface. 
3.7	SRB/DRB configuration
After the UE is synchronised with the eNB for failure recovery, data transmission can be started only after DRBs are established between the UE and the new eNB. However, SRB 2 and DRBs are configured using SRB 1. As such, the time it takes to establish SRB 1 has an impact on the recovery process. This problem is discussed in [3][5] with possible optimizations to reduce its impact on failure recovery latency.
Proposal 3: Consider the factors for failure recovery optimization in LTE, at least those mentioned in [3] and [5]
4	Conclusion
The contribution discussed failure recovery for LTE. Several factors that might impact the recovery process are discussed, and the following observations and proposal are made.
Observation 1: It is beneficial to adopt NR recovery enhancements in LTE.
Proposal 1:  Failure recovery using NAS signalling should be avoided when it is possible to recover from the failure using RRC signalling.
Proposal 2: UE may initiate handover execution towards a prepared cell as early as when the condition to initiate T310 is met even if the condition for handover execution is not met.
Proposal 3: Consider the factors for failure recovery optimization in LTE, at least those mentioned in [3] and [5].
References
[1] [bookmark: _Ref528151056][bookmark: _Ref75086397]RP-181544, Revised WID: Even further mobility enhancement in E-UTRAN, 3GPP TSG-RAN Meeting #81, Gold Coast, Australia, September 10-13, 2018
[2] [bookmark: _Ref528151071]3GPP TS 38.331, NR; Radio Resource Control (RRC); Protocol specification, September 2018
[3] [bookmark: _Ref528151085]R2-1814322, Enhancements to re-establishment procedure in LTE, 3GPP TSG-RAN WG2#103bis, Chengdu, China, 8th – 12th October 2018
[4] [bookmark: _Ref528151104]R2-1814323, Enhancing the handling of timer T312, 3GPP TSG-RAN WG2#103bis, Chengdu, China, 8th – 12th October 2018
[5] [bookmark: _Ref528151128]R2-1805012, Reestablishment procedure for NR, 3GPP TSG RAN WG2 Meeting #101bis, Sanya, China, 16th - 20th April 2018



image1.wmf
U

E

N

e

t

w

o

r

k

R

R

C

R

e

e

s

t

a

b

l

i

s

h

m

e

n

t

R

e

q

u

e

s

t

R

R

C

S

e

t

u

p

R

R

C

S

e

t

u

p

C

o

m

p

l

e

t

e


oleObject1.bin

image2.emf
UE New eNB Source eNB CN

RRC Connected, 

in-syc

Declaration of RLF/HOF

Suitable cell selection for RRC 

connection recovery

System information aquisition

RRC Connected, 

out-syc

RACH Preamble

RA Response

RRC Re-establishemnt 

Request

UE Context Fetching Request

UE Context Fetching Response

RRC Re-establishemnt 

Response

RRC Re-establishemnt 

Complete

Data forwarding information 

indication

Path Switch Request

Path Swith Response

UE context Release

RRC connection S1 connection

RRC Reconfiguration

RRC Reconfiguration 

Complete


oleObject2.bin
UE


New eNB


Source eNB


CN


RRC Connected, in-syc


Declaration of RLF/HOF


Suitable cell selection for RRC connection recovery


System information aquisition


RRC Connected, out-syc


RACH Preamble


RA Response


RRC Re-establishemnt Request


UE Context Fetching Request


UE Context Fetching Response


RRC Re-establishemnt Response


RRC Re-establishemnt Complete


Data forwarding information indication


Path Switch Request


Path Swith Response


UE context Release


RRC connection


S1 connection


RRC Reconfiguration


RRC Reconfiguration Complete



