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[bookmark: _GoBack]Introduction
The solutions 6.5.and 6.6. have same properties. This paper introduces a merged solution on basis of these two solutions.

----------Change to the TR--------------------
6.x	Solution 18: User plane based solution with AS information stored in RAN
6.x.1	Description
6.x.1.1	General
The main contributors to the signaling overhead are procedures used in current S1-based EPS architecture required for UE state transition, i.e. at transition between the Idle and the Connected state. This solution is a merge of solutions 6.5 and 6.6.
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Figure 6.x.1.1-1: Legacy connection setup
Figure 6.x.1.1-1 illustrates current S1/EPS architecture based procedures required to establish and tear down a connection in order for the UE to be able to transfer/receive user plane, i.e. procedures applicable at UE Idle/Connected state transition. As can be seen there is a significant signaling overhead on the radio/Uu, S1AP interface. In order to reduce the signalling overhead and the associated processing load in the network required by the procedures illustrated above a solution is proposed that is based on the re-use of information from the previous RRC connection for the subsequent RRC connection setup.
It is proposed that this functionality is supported on a eNB basis, i.e. the resumption of the previously suspended connection is limited to the cells configured on the eNB where that connection was previously suspended. However, this solution can also be introduced and supported for UEs having transactions over multiple eNBs by introducing it over a cluster of eNBs that support UE Context transfer between the eNBs via the X2 interface, see TS 36.300 using handover preparation procedure see clause 20.2.2.1.
The signalling overhead reduction is realized by introducing two new procedures 'RRC Suspend' and 'RRC Resume' that are described in clauses 6.x.1.3 and 6.x.1.4 and the introduction of a modified UE behaviour in new CIoT Idle state where relevant AS information is always stored at transition to Idle, triggered by a RRC Suspend procedure, and re-used for a subsequent connection setup by a new type of UE.
In the context of this solution, the UE stores the relevant AS information at transition into ECM-Idle triggered by a RRC Suspend procedure. 
NOTE: This solution is based on the assumption that in the new CIoT Idle state the UE retains the AS context from the previous connection.
Throughout this solution the RRC-Idle state refers to the new CIoT RRC-Idle state. 
6.x.1.2	Initial connection and AS context setup
UE needs to perform an initial connection setup to establish the NAS signaling connection and provide the UE and network with an initial AS context, as shown in figure 6.x.1.1-1. NAS layer is aware that subsequently no Service Requests are required as long as a valid AS context in the network is found by the AS layer. If for any reason the AS layer context is missing in the network while the UE attempts a resume procedure, the resume procedure fails and the AS layer triggers a NAS Layer service request to establish a new initial AS layer context.
6.x.1.3	RRC Suspend procedure
The RRC Suspend procedure is used at transition from RRC-Connected to RRC–IDLE state and causes the UE to retain the Context in RRC-IDLE mode:
-	the eNodeB and the UE store RRC connection related information, e.g. Access Stratum Security Context, bearer related information (incl. RoHC state information) and L2/1 parameters when applicable. The eNB provides the UE with an identifier, referred as 'Resume ID' e.g. based on the eNB ID, used to address the relevant information stored in the eNB.
NOTE:	The design of the 'Resume ID' will be decided by TSG RAN.
-	Relevant network nodes store S1-MME UE association and S1-U bearer context related information. This basically means that the S1AP UE Contexts are stored and kept in the eNB and the MME. Additionally, the eNB stores and keeps the S1-U tunnel addresses. The latter reduces the processing load on the eNB required for establishment of S1-U bearers.
-	UE's mobility behaviour is the same as in LTE RRC-Idle state, e.g. the UE applies normal or extended Idle mode DRX parameters, performs cell re-selection etc.
-	At transition to RRC-IDLE, the EMM layer enters ECM-IDLE state.
NOTE:	Whether new messages and a new procedure is needed to suspend a RRC Connection will be investigated and decided by RAN WG2.




Figure 6.x.1.2-1: Suspension of a RRC Connection
1.	Network decides to suspend the RRC Connection.
2.	eNB indicates to MME with a new S1AP message that the UE's RRC connection is suspended. MME and eNB store the S1AP association and the related UE Contexts. MME enters ECM state ECM- IDLE. MME stores the DL TEIDs associated with the UE and eNodeB.
3.	The MME sends a Release Access Bearers Request (Abnormal Release of Radio Link Indication or ‘new cause’) message to the S-GW that requests the release of all S1-U bearers for the UE. SGW considers UE being in Idle state.
NOTE: 	Whether Release Access Bearers Request message contains existing cause value or a new cause value will be decided by CT4.
4.	SGW provides a response to the step 3.
5.	MME Acks step 2.
6.	MME enters 'ECM-IDLE' state.
7.	eNB suspends the RRC Connection towards the UE. An identifier that is used at subsequent resumption of that suspended RRC Connection can be provided. The UE and the eNB store the related Context information, i.e. RRC configuration, bearer configuration (including RoHC state information), Access Stratum Security Context and L2/1 parameters when applicable. This message also contains the security algorithm configuration and the Next Hop Chaining Counter (NCC) associated with the K_eNB that is to be used at subsequent resumption.
8.	UE RRC layer enters RRC-IDLE state where it store the relevant AS information (see step 7) and the UE NAS layer enters ECM-IDLE state where it is aware that a NAS signaling connection is available.

6.x.1.4	RRC Resume procedure
At the transition from RRC- IDLE to RRC-CONNECTED, previously stored information in the UE as well as in the eNodeB is utilized to resume the RRC connection.
UE provides the previously received 'Resume ID' to be used by the eNB to access the stored information required to resume the RRC Connection. Furthermore it provides an Authentication Token used to securely identify the UE.
Relevant network nodes re-store/re-use S1-MME UE S1AP association and S1-U bearer context related information.
NOTE:	Whether new messages and a new procedure are needed to conduct the resumption of previously suspended RRC Connection will be investigated and decided by RAN WG2.
Given that NAS layer is aware that initial connection was setup, see sub-clause 6.x.1.2 no NAS Service Request will be issued and thus there is no need for RRC Connection Setup Complete message that is used to carry that message, see clause 6.5.1.4.
The reduction of signalling overhead is from 9 messages on the radio interface for legacy connection setup as shown in figure 6.x.1.1-1 down to 4 messages when using RRC Resume procedure as shown in the figure 6.x.1.4-1 below. The removed messages are:
-	RRC Connection Setup Complete
-	RRC Security Mode Command
-	RRC Security Mode Complete
-	RRC Connection Reconfiguration
-	RRC Connection Reconfiguration Complete
The procedure is illustrated in figure 6.x.1.4-1 below.
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Figure 6.x.1.4-1: Resumption of a previously suspended RRC connection
Steps 1 and 2 are following the legacy procedure when UE accesses the network from RRC Idle state.
4.	In msg3, a new RRC Connection Resume Request message, the UE includes its Resume Id, Authentication Token, Bearer Ind, Establishment Cause) is included. eNB uses Resume Id to associate the UE with the previously stored UE Context. Additionally, msg3 can also contain User Plane multiplexed by MAC as per existing specifications where resumed stored security context is used to encrypt the User Plane.
NOTE:	The Authentication Token can be based on the existing means to authenticate a UE at RRC re-establishment as specified in 3GPP TS 36.331. It is assumed that the final means for UE authentication at RRC Resume will be decided by RAN WG2 with assistance of SA3 if needed.
5.	In message 4, designated here as RRC Connection Resume Complete the network indicates which DRBs are resumed, furthermore it includes the Resume Id and if applicable updated L2/1 parameters.
6.	UE and eNB resume the stored security context.
7.	eNB notifies the MME about UE state change in a new S1AP message designated here as S1-AP UE Context Active. ECM in the MME enters the ECM-CONNECTED state. MME identifies that the UE returns at the eNodeB for which MME has stored information about allocated DL TEIDs for the UE.
8.	The MME sends a Modify Bearer Request message (eNodeB address, S1 TEID(s) (DL) for the accepted EPS bearers, Delay Downlink Packet Notification Request, RAT Type) per PDN connection to the Serving GW. If the Serving GW supports Modify Access Bearers Request procedure and if there is no need for the Serving GW to send the signalling to the PGW, the MME may send Modify Access Bearers Request (eNodeB address(es) and TEIDs for downlink user plane for the accepted EPS bearers, Delay Downlink Packet Notification Request) per UE to the Serving GW to optimize the signalling. The Serving GW is now able to transmit downlink data towards the UE.SGW considers UE being in Connected state.
9.	SGW provides as response to step 7.
10.	MME acks step 7..
11.	Alternatively to transmission of message 4, if message 3 included User Plane and indication that all User Plane is transmitted, the eNB can suspend the RRC connection and implicitly indicate that the User Plane was successfully received. 
Figure 6.x.1.4-2 shows a MT connection when the RRC connection was previously suspended, i.e. UE is in RRC-IDLE as described in clause 6.x.1.3 making subsequently use of the RRC Resume procedure.
[image: ]
Figure 6.x.1.4-2: Resumption of a previously suspended RRC connection for the MT case
1.	UE is in 'RRC-IDLE' and 'ECM-IDLE'.
2.	SGW receives Data for a UE in Idle.
3.	SGW sends Downlink Data Notification to the MME.
4.	MME sends S1Paging message to the eNB(s). Note: MME may at first attempt page the UE using the existing S1AP association, i.e. S1AP association that was suspended as described in clause 6.x.1.3.
5.	eNB pages the UE over the radio interface.
6.	A UE RRC layer forwards the relevant information to the EMM layer. EMM layer triggers the RRC layer to attempt the RRC Resume procedure as described in clause 6.x.1.4.
7.	UE sends Random Access (legacy).
8.	eNB replies to RA (legacy).
9.	In msg3, designated here as RRC Connection Resume Request, the UE includes its Resume Id, Authentication Token, Bearer Ind, Establishment Cause). eNB uses Resume Id to associate the UE with the previously stored UE Context.
10.	In msg 4, designated here as RRC Connection Resume Complete the network indicates which DRBs are resumed, furthermore it includes the Resume Id and if applicable updated L2/1 parameters.
11.	UE and eNB resume the stored security context.
12.	eNB notifies the MME about UE state change in a new S1AP message designated here as S1-AP UE Context Active indicating 'page response'. ECM in the MME enters the ECM-CONNECTED state. MME identifies that the UE returns at the eNodeB for which MME has stored information about allocated DL TEIDs for the UE.
13.	The MME sends a Modify Bearer Request message (eNodeB address, S1 TEID(s) (DL) for the accepted EPS bearers, Delay Downlink Packet Notification Request, RAT Type) per PDN connection to the Serving GW. If the Serving GW supports Modify Access Bearers Request procedure and if there is no need for the Serving GW to send the signalling to the PGW, the MME may send Modify Access Bearers Request (eNodeB address(es) and TEIDs for downlink user plane for the accepted EPS bearers, Delay Downlink Packet Notification Request) per UE to the Serving GW to optimize the signalling. The Serving GW is now able to transmit downlink data towards the UE.SGW considers UE being in Connected state.
14.	SGW provides as response to step 12.
15.	MME acks step 11.
6.x.1.5	Resumption when AS information is not available in the eNB
If a UE attempts to resume the RRC connection and the AS information is not available in the eNB, the UE shall fall back to Connection setup procedure and send a NAS Service Request message. In this sub-clause it is assumed that the AS information is located in eNB_OLD.


 Figure 6.x.1.5-1: Resumption attempt with no AS info available in the eNB.
4.    In case that the AS info needed to resume the connection is not available to the eNB_New, the eNB_New includes the SRB indication in msg4.
5    UE interprets the SRB indication as a request to send NAS Service Request. UE sends RRC Connection Setup Complete including the NAS Services Request.
6.   NAS Services Request is forwarded from eNB_NEW to the MME (see figure 6.x.1.1-1).
7.   MME sends Initial Context Setup Request to eNB_NEW (see figure 6.x.1.1-1).
8.  eNB begins the procedure to configure the radio interface. Only the initial message is shown, the complete sequence is shown in see figure 6.x.1.1-1.
9.  MME cancels the context stored in the eNB_OLD.
10.  eNB_OLD deletes the AS info and acks step 10.
The remaining steps are the same as shown in see figure 6.x.1.1-1.
6.x.1.6	MM procedure using user plane based solution
In this sub-clause it is shown how the user plane based solution is applied for Tracking Area Update.


 4.	In msg3, a new RRC Connection Resume Request message, the UE includes its Resume Id, Authentication Token, Establishment Cause, NAS PDU) is included. eNB uses Resume Id to associate the UE with the previously stored UE Context. Additionally, msg3 can also contain NAS PDU that contains TAU REQUEST multiplexed by MAC as per existing specifications where resumed stored security context is used to encrypt the User Plane. The lack of the ‘Bearer Ind’ indicates to the eNB that only SRB is needed. In case there is not sufficient space to include TAU REQUEST, a flag indicates a subsequent message that contains TAU REQUEST in step 5.
5.	In message 4, designated here as RRC Connection Resume Complete the network completes the contention resolution.
6.  Step 5 performed if TAU REQUEST does not fit into message 3.
7.	eNB forwards TAU REQUEST in S1AP Initial UE Message to the MME.
8.	MME sends TAU ACCEPT in S1AP Downlink NAS Transport message.
9.	eNB sends TAU ACCEPT in DL Information Transfer to the UE.
10.	eNB suspends the RRC connection. 
NOTE: 	The Above procedure assumes the eNB has a valid context for the UE. If the UE has no valid context similar concepts as for the case of data transfer related procedure apply (i.e. the eNB triggers a normal TAU and the MME cancels the context in the Old eNB)
6.x.1.7	Further aspects
If the UE performs inter-MME or inter-RAT Idle mode mobility the new MME/SGSN will perform context request from the old MME in which case the old MME cancels the UE Context in the old eNB using the information stored in the S1AP association. A SGW restart is assumed to be handled in a legacy way and a MME that is notified that a node failure occurred will cancel the UE Context in the eNB.
In case where the S1AP association is kept over a longer time period, the MME can use UE Context Modification procedure to refresh the radio interface ciphering keys as specified in TS 23.401 [8] clause 5.3.10.4.1 where the details are captured in TS 33.401 [15], see clause 7.2.9.
The proposed procedures are independent of the S-TMSI handling.
6.x.2	Impacts on existing nodes and functionality
-	MME: support for the new procedures on S1AP, i.e. the relevant S1AP procedures triggered by the 'RRC Suspend' and 'RRC Resume' procedures on the radio interface. Support for storing of the UE Context information when the RRC connection is suspended and the S1AP association is kept.
-	eNB: support for storing of UE Context with relevant radio interface parameters as well as S1AP association related parameters when UE has moved into the new CIoT RRC-Idle state by means of new 'RRC Suspend' procedure. Support for new procedures to suspend/resume the connection with the UE between the eNB and the UE as well as between the eNB and the MME.
-	UE: support for storing of relevant AS information when UE has entered into the new CIoT RRC- IDLE state by means of new 'RRC Suspend' procedure. Support for procedures needed to suspend and resume the RRC connection.
6.5.3	Solution Evaluation
This solution reduces the signaling overhead required for UE state transition from the new CIoT Idle to Connected in order to have a user plane transaction with the network and back to Idle state on the radio interface from 10 down to 5 messages and on the S1AP from 6 down to 4 messages.
The solution impacts the AS and the NAS layer.
If the User Plane fits into message 3 then the reduction is from 10 down to 4 messages including the acknowledgement of the User Plane reception.
Finally it reduces the signalling overhead and thus also improves UE battery lifetime for UEs with mobility pattern typically limited to cells configured by an eNB as well as when UEs are served by cells configured on multiple eNBs where support for UE Context transfer (including ROHC context) between eNBs (see TS 36.300) is possible.

3GPP
SA WG2 TD
image3.wmf
U

E

e

N

B

M

M

E

S

G

W

U

L

 

d

a

t

a

D

L

 

d

a

t

a

1

:

 

e

N

B

 

d

e

c

i

d

e

s

 

t

o

 

S

u

s

p

e

n

d

 

t

h

e

 

R

R

C

 

C

o

n

n

e

c

t

i

o

n

2

:

 

S

1

-

A

P

 

U

E

 

C

t

x

t

 

D

e

a

c

t

i

v

e

3

:

 

R

e

l

e

a

s

e

 

A

c

c

e

s

s

 

B

e

a

r

e

r

 

R

e

q

4

:

 

R

e

l

e

a

s

e

 

A

c

c

e

s

s

 

B

e

a

r

e

r

 

R

e

s

p

5

:

 

S

1

-

A

P

 

U

E

 

C

t

x

t

 

D

e

a

c

t

i

v

e

 

A

c

k

6

:

 

M

M

E

 

e

n

t

e

r

s

'

E

C

M

-

I

D

L

E

'

7

:

 

R

R

C

 

C

o

n

n

e

c

t

i

o

n

 

S

u

s

p

e

n

d

(

R

e

s

u

m

e

 

I

d

)

8

:

 

U

E

 

e

n

t

e

r

s

'

R

R

C

-

I

D

L

E

'

a

n

d

 

'

E

C

M

-

I

D

L

E

'

h

t

t

p

:

/

/

m

s

c

-

g

e

n

e

r

a

t

o

r

.

s

o

u

r

c

e

f

o

r

g

e

.

n

e

t

 

v

4

.

5


oleObject1.bin

image4.png
UE

1: The UE evaluates the access control information for
Access Class Barring and Extended Access Barring (EAB

eNB|
2: RA msg1 o
Preamble
b 3: RA msg2
Response
4:RAmsg3 a

RRC Connection Resume Request
(Resume Id, Auth token(UE), Bearer Ind, establ cause)

5: RRC Connection Resume Complete
(Bearer description, Resume Id)

11: RRC Connection Suspend
(Bearer description, Resume Id)

6: Encryption Started using resumed stored security Gontex, UL traffic enabled

7: $1-AP UE Cixt Active

8: Modify Bearer Req
9: Modify Bearer Resp

10: $1-AP UE Ctxt Active Ack

MME]

SGW|

UL data (if UP received in step 3)

UL$
DL gpta
»





image5.png
[ug]

eNB)|
1: UE in 'RRC-IDLE', 'ECM-IDLE'

MME]

DDN

S1Paging

5: Paging

- ging

6: RRC layer forwards the relevant information to the EMM layer.
The EMM layer triggers the RRC layer to attempt

the RRC Resume procedure as described in sub-clause 6.1.1.3.

7: RAmsg1 i
Preamble
8: RA msg2
Response
9: RAmsg3 o
RRC Connection Resume Request
|(Resume Id, Auth token(UE), Bearer Ind, Establish Cause)

10: RRC Connection Resume Complete
(Bearer description,Resume Id)

11: Encryption Started using resumed stored security gontext, UL traffic enabled

B

12: $1-AP UE Cixt Active

13: Modify Bearer Req

14: Modify Bearer Resp!
15: $1-AP UE Cixt Active Ack
b DL d

UL d

=

S S ———




image6.wmf
U

E

e

N

B

_

N

e

w

e

N

B

_

O

l

d

M

M

E

1

:

 

R

A

 

m

s

g

1

P

r

e

a

m

b

l

e

2

:

 

R

A

 

m

s

g

2

R

e

s

p

o

n

s

e

3

:

 

R

A

 

m

s

g

3

R

R

C

 

C

o

n

n

e

c

t

i

o

n

 

R

e

s

u

m

e

 

R

e

q

u

e

s

t

(

R

e

s

u

m

e

 

I

d

,

 

A

u

t

h

 

t

o

k

e

n

(

U

E

)

,

 

B

e

a

r

e

r

 

I

n

d

,

E

s

t

 

C

a

u

s

e

)

4

:

 

R

R

C

 

C

o

n

n

e

c

t

i

o

n

 

R

e

s

u

m

e

 

C

o

m

p

l

e

t

e

(

R

e

s

u

m

e

 

I

d

,

S

R

B

)

5

:

 

R

A

 

m

s

g

5

R

R

C

 

C

o

n

n

e

c

t

i

o

n

 

S

e

t

u

p

 

C

o

m

p

l

e

t

e

(

N

A

S

 

S

e

r

v

i

c

e

 

R

e

q

u

e

s

t

)

6

:

 

S

1

-

A

P

 

I

n

i

t

i

a

l

 

U

E

 

M

e

s

s

a

g

e

 

(

N

A

S

 

S

e

r

v

i

c

e

 

R

e

q

u

e

s

t

)

7

:

 

S

1

-

A

P

 

I

n

i

t

i

a

l

 

C

o

n

t

e

x

t

 

S

e

t

u

p

 

R

e

q

u

e

s

t

8

:

 

R

R

C

 

S

e

c

u

r

i

t

y

 

M

o

d

e

 

C

o

m

m

a

n

d

9

:

 

S

1

-

A

P

 

C

a

n

c

e

l

 

C

o

n

t

e

x

t

1

0

:

 

S

1

-

A

P

 

C

a

n

c

e

l

 

C

o

n

t

e

x

t

 

A

c

k

h

t

t

p

:

/

/

m

s

c

-

g

e

n

e

r

a

t

o

r

.

s

o

u

r

c

e

f

o

r

g

e

.

n

e

t

 

v

4

.

5


oleObject2.bin

image7.wmf
U

E

e

N

B

M

M

E

1

:

 

R

A

 

m

s

g

1

P

r

e

a

m

b

l

e

2

:

 

R

A

 

m

s

g

2

R

e

s

p

o

n

s

e

3

:

 

R

A

 

m

s

g

3

R

R

C

 

C

o

n

n

e

c

t

i

o

n

 

R

e

s

u

m

e

 

R

e

q

u

e

s

t

(

R

e

s

u

m

e

 

I

d

,

 

A

u

t

h

 

t

o

k

e

n

(

U

E

)

,

 

E

s

t

 

C

a

u

s

e

,

 

T

A

U

 

R

E

Q

)

4

:

 

R

R

C

 

C

o

n

n

e

c

t

i

o

n

 

R

e

s

u

m

e

 

C

o

m

p

l

e

t

e

(

R

e

s

u

m

e

 

I

D

)

5

:

 

U

L

 

I

n

f

o

r

m

a

t

i

o

n

 

T

r

a

n

s

f

e

r

6

:

 

S

1

-

A

P

 

I

n

i

t

i

a

l

 

U

E

 

M

e

s

s

a

g

e

 

(

T

A

U

 

R

E

Q

)

7

:

 

S

1

-

A

P

 

D

o

w

n

l

i

n

k

 

N

A

S

 

T

r

a

n

s

p

o

r

t

(

T

A

U

 

A

C

C

)

8

:

 

D

L

 

I

n

f

o

r

m

a

t

i

o

n

 

T

r

a

n

s

f

e

r

 

(

T

A

U

 

A

C

C

)

9

:

 

R

R

C

 

S

U

S

P

E

N

D

 

(

R

E

S

U

M

E

 

I

D

)

h

t

t

p

:

/

/

m

s

c

-

g

e

n

e

r

a

t

o

r

.

s

o

u

r

c

e

f

o

r

g

e

.

n

e

t

 

v

4

.

5


oleObject3.bin

image1.png
SGW

MME

eNB

UE
RA msg1
(Preamble)
RA msg2
(Response)
RA msg3
(RRC Connection Request)
RA msg4
(RRC Connection Setup)
RRC Connection Setup Complete
(NAS Service Request)
S1-AP Initial UE ms
(NAS Service Request)
S1-AP Initial Ctxt Setup Request

RRC Security Mode Command
RRC Security Mode Complete
RRC Connection
Reconfiguration

m—RRCConnection |
RRC Connection
Reconfig complete
S1-AP Initital Ctxt Setup Compl
Modify Bearer Request
Modify Bearer Response

UL data

UL data
DL data
DL data
o 1

vSome time elapses -> Timeout
S1-AP UE Cixt Release Req

Release Access Bearers Req

Release Access Bearers Resp
S1-AP UE Ctxt Release Cmd

RRC Connection Release
S1-AP UE Ctxt Release Compl
hitoimsc-ger





image2.png
UE eNB MME! SGW

UL data
DL data

1: Networkidecides -> Suspend the RRC Cuinnec‘lion
2: 81-AP UE Cixt Deactive

3: Release Access Bearer Req

4: Release Access Bearer Resp
5: S$1-AP UE Ctxt Deactive Ack

6: MME enters
'ECM-IDLE'
7: RRC Connection Suspend
(Resume Id)
8: UE enters
'RRC-IDLE'

and 'ECM-IDLE'





