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Introduction
To improve mobility robustness and reduce interruption time, RAN#80 plenary approved a Work Item (WI) entitled “Even further Mobility enhancement in E-UTRAN” [1]. In a companion paper [2] we have provided an overview of different aspects to be discussed in the WI and two categories of solutions: 
· 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). 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), accelerated RLF triggered by the expiry of timer T312 (if configured), etc.
This paper discusses possible improvements to the re-establishment procedure, initiated during the recovery of handover failure.
[bookmark: _Ref178064866]Discussion
In EUTRA, an RRC_CONNECTED UE tries to access a target cell upon there reception of a handover command (RRCConnectionReconfiguration with mobilityControlInfo). That contains a timer value T304 that shall be started upon the reception of the message. If the timer T304 expiries before the UE succeeds in accessing the target cell, a handover failure is declared, and the UE initiates a re-establishment procedure.
Upon the initiation of the LTE re-establishment procedure, the UE suspends all RBs except SRB0. The UE will then send the RRCConnectionReestablishmentRequest on SRB0. At this state they UE will either get back a RRCConnectionReestablishment on SRB0 or a RRCConnectionReestablishmentReject on SRB0. In case the UE gets back an RRCConnectionReestablishment, it will re-establish SRB1 and send the RRCConnectionReestablishmentComplete on SRB1. According to 36.331, the network is not allowed to start sending DL messages on SRB1 until it receives the RRCConnectionReestablishmentComplete.


Figure 5.3.7.1-1: RRC connection re-establishment, successful


Figure 5.3.7.1-2: RRC connection re-establishment, failure

In case the UE gets back an RRCConnectionReestablishmentReject, it will perform actions upon leaving RRC connected state and inform NAS layer about RRC connection failure. This will trigger the NAS layer to perform recovery which includes a new RRC connection setup. 

Potential enhancements to the re-establishment procedure in EUTRA
The EUTRA re-establishment procedure was revisited during the NR standardization and in RAN2#101 in Sanya, some aspects have been agreed to be enhanced to speed up the failure recovery e.g. in case of handover failures. Some of these enhancements are the following:
· RRCReestablishment on SRB1: RAN2 understanding was that there was no fundamental reason why the UE could not re-establish PDCP for SRB1 and resume SRB1 in the DL before submitting MSG3 to lower layers. This would make it possible to use SRB1 for MSG4 instead of SRB0, which would in turn make it possible to send subsequent RRC reconfiguration message in conjunction with MSG4 or directly after instead of waiting for the UE response in MSG5. Which would save a rountrip in the re-establishment of DRBs. 
· RRCSetup in response to RRCReestablishmentRequest: RAN2 understanding was that it would also be possible to support faster NAS recovery in the RAN in the case the RAN is not able to re-establish the UE context e.g. a cell is not prepared during handover failure. This could be done by the network sending an RRC connection setup message on SRB0 (instead of a RRC re-establishment reject) which could be used to initiate normal RRC connection setup.
· RRCReestablishmentReject was removed: RAN2 understanding was that this was note needed any longer thanks to the fallbackk procedure. If the UE tries to re-establish in a cell that is not prepared or that the entwork cannot re-establish the DRBs the network can send an RRCSetup. And, in the scenario where the cell is overloaded, network may simply wait until the failure timer T301 expires, so that the UE would enter RRC_IDLE and would perform access control before trying again. 
The following figure describes the reestablishment procedure in NR where these enhancements were adopted: 



1.	The UE re-establishes the connection, providing the UE Identity (PCI+C-RNTI) to the gNB where the trigger for the re-establishment occurred.
[bookmark: _Hlk516208184]2.	If the UE Context is not locally available, the gNB, requests the last serving gNB to provide UE Context data.
3.	The last serving gNB provides UE context data.
4./4a. The gNB continues the reestablishment of the RRC connection. The message is sent on SRB1.
5./5a. The gNB may perform the reconfiguration to re-establish SRB2 and DRBs when the reestablishment procedure is ongoing.
6.	If loss of DL user data buffered in the last serving gNB shall be prevented, the gNB provides forwarding addresses.
7./8. The gNB performs path switch.
9.	The gNB triggers the release of the UE resources at the last serving gNB.

In our view, enhancements to the re-establishment procedure in EUTRA, aiming to improve the recovery of mobility failure should not have the highest priority in the WI. But in case this is perceived as an important case, RAN2 should start by revisiting the enhancements introduced in NR. That seems a natural step at least for 5GC, where most of the enhancements related to connection control procedure adopted to NR have also been adopted. As from a RAN perspective the solutions are rather similar, the introduction to these enhancements to EPC should also be discussed. 

Discuss the introduction of the potential enhancements to the re-establishment procedure to speed up the handover failure recovery:
i. RRCConnectionReestablishment on SRB1;
ii. RRCConnectionSetup in response to RRCReestablishmentRequest;

Conclusion
Based on the discussion in section 2 we propose the following:
1. Discuss the introduction of the potential enhancements to the re-establishment procedure to speed up the handover failure recovery:
i. RRCConnectionReestablishment on SRB1;
ii. RRCConnectionSetup in response to RRCReestablishmentRequest;
References
RP-181544, Even further mobility enhancement in E-UTRAN, China Unicom, 3GPP TSG-RAN Meeting #81, Gold Coast, Australia, September 10-13, 2018
[bookmark: _GoBack]R2-1817398, Overview on mobility robustness enhancements in LTE, Ericsson
	2/6	
image1.emf
 

RRCConnectionReestablishmentRequest  

UE   EUTRAN  

RRCConnectionReestablishment  

RRCConnectionReestablishmentComplete  


oleObject1.bin


UE







EUTRAN























RRCConnectionReestablishmentComplete























RRCConnectionReestablishmentRequest



























RRCConnectionReestablishment












image2.emf
 

RRCConnectionReestablishmentRequest  

UE   EUTRAN  

RRCConnectionReestablishmentReject  


oleObject2.bin


UE







EUTRAN











































RRCConnectionReestablishmentRequest



























RRCConnectionReestablishmentReject












image3.wmf
U

E

g

N

B

L

a

s

t

 

S

e

r

v

i

n

g

 

g

N

B

A

M

F

U

E

 

i

n

 

R

R

C

_

C

O

N

N

E

C

T

E

D

C

M

-

C

O

N

N

E

C

T

E

D

1

.

 

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

2

.

 

R

E

T

R

I

E

V

E

 

U

E

 

C

O

N

T

E

X

T

 

R

E

Q

U

E

S

T

3

.

 

R

E

T

R

I

E

V

E

 

U

E

 

C

O

N

T

E

X

T

 

R

E

S

P

O

N

S

E

4

.

 

R

R

C

R

e

e

s

t

a

b

l

i

s

h

m

e

n

t

5

.

 

R

R

C

R

e

c

o

n

f

i

g

u

r

a

t

i

o

n

4

a

.

 

R

R

C

R

e

e

s

t

a

b

l

i

s

h

m

e

n

t

C

o

m

p

l

e

t

e

5

a

.

 

R

R

C

R

e

c

o

n

f

i

g

u

r

a

t

i

o

n

C

o

m

p

l

e

t

e

6

.

 

D

A

T

A

 

F

O

R

W

A

R

D

I

N

G

 

A

D

D

R

E

S

S

 

I

N

D

I

C

A

T

I

O

N

7

.

 

P

A

T

H

 

S

W

I

T

C

H

 

R

E

Q

U

E

S

T

8

.

 

P

A

T

H

 

S

W

I

T

C

H

 

R

E

Q

U

E

S

T

 

R

E

S

P

O

N

S

E

9

.

 

U

E

 

C

O

N

T

E

X

T

 

R

E

L

E

A

S

E


oleObject3.bin

