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1      Introduction

The User plane solution of AS context caching referred to as solution 18 has been under discussion in SA2 and RAN2 as part of the NB-IoT work item. SA2 CR [1] has introduced the solution to be applicable to both NB-IoT and non-NB IoT UEs. 
In this contribution, we provide a detailed overview of the RAN2 impacts related to the suspend/resume procedure and the UE state while the AS context is stored in the UE and eNB. 
We also provide the corresponding stage 3 text for the necessary RRC enhancements of the solution in annex. 
2      Discussion
This paper assumes that the UE is already attached (i.e. registered) and the network has configured the UE to use CIoT UP solution and discusses the RAN procedure details to enable the usage of this solution. The necessary modifications to the attach procedure to accommodate the usage of the UP solution have been introduced as part of SA2 CR [2].
2.1     AS context reuse solution overview
In the CIoT UP solution [1], the UE needs to perform an initial connection setup to establish the NAS signalling connection and provide the UE and network with an initial AS context. When the UE transitions from RRC-Connected to RRC–IDLE state, the connection is suspended and causes the UE and the network to retain the context in RRC-IDLE mode to be used for future connections. 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 informs the NAS layer to trigger a NAS Layer service request to establish a new initial AS layer context; corresponding details of this solution are provided in [2]. In the following sub-sections, we will discuss the RRC impacts and necessary enhancements due to the introduction of this solution. The other general aspects related to the attach mechanism and establishment cause considering SA2 agreements are covered in [4].
2.1.1 RRC Resume procedure details
In the connection resumption procedure, a connection request needs to be sent to the eNB referring to the UE's stored context. The different options considered for resume request include RRC connection request, RRC connection re-establishment request, and a new RRC resume request message. We do not think that connection re-establishment request applies although the contents of the message could be used, as that procedure is primarily meant for UEs in connected mode. Since suspend is considered to be putting the UE in idle mode, we think the existing connection request can be re-utilized to resume as the UE impact might also be reduced. Ideally, we would like to have a common solution between LTE/eMTC and NB-IoT. It is to be noted that the format of the resume request message is still not finalized in NB-IoT.
The changes needed to the legacy LTE connection request and connection setup messages for the resume process are discussed in this sub-section. The legacy msg. 3, RRC Connection Request, allows 48bits for RRC payload that includes a 5 bytes UE ID and the establishment cause. If a critical extension is used for RRC Connection Request to support the resume procedure, it is to be noted that the useful payload will be a bit smaller to allow support for future extensions. Thus, in order to perform resume, there are 2 possible options to extend the LTE RRC for common message structure: a) critically extend RRC connection request b) use new message with class extension. Further details are provided in [3]. 
Proposal 1: RAN2 to consider using RRC Connection Request message as a baseline for resuming the suspended connection with CIoT UP solution. 
Proposal 2: RAN2 to discuss the critical extension of the UL-CCCH message for initiating connection resumption using CIoT UP solution.

As per the NB-IoT adhoc meeting, it has been decided that the resume ID to be used in request message would be C-RNTI and not S-TMSI. This is similar to the RRC connection re-establishment procedure, however, the cell ID has not yet been discussed. The PCI currently used as part of re-establishment will not be unique and therefore a new ID needs to be considered to aid in true mobility across cells. We propose a bit string that is assigned by the network when the UE is put in Suspend state. This is echoed back in the Resume.  This we believe is simple for the UE, simple to specify and provides the maximum flexibility for the network
Proposal 3: RAN2 to agree that a ID is provided by the network as “cell/eNB” ID. The UE echoes back this bit string at Resume request. 
Once the RRC connection request is received to resume a previously suspended connection, eNB may re-utilize the RRC connection setup message in response. The setup complete message may not be necessary as there is no need to send NAS Service request message to the network, however, to maintain legacy procedure or if it is needed for security purposes by SA3 (as the message contains full MAC-I), it can be kept. It is to be noted that the UE will still continue to perform idle mode procedures while it is in suspended mode. Therefore, it is meaningful to use legacy RRC connection establishment messages for moving the UE from idle to connected mode.

Proposal 4: RAN2 to agree that RRC Connection Setup message is used to resume the suspended connection potentially with an indication for successful resumption.
Proposal 5: RAN2 to discuss the need for RRC Connection Setup Complete to follow RRC Connection Setup message when AS context reuse solution is applied.

In case the eNB is unable to find the UE context or the context is deemed no longer valid, the eNB has two options: 

· Indicate within RRC Connection Setup message to perform legacy Service Request procedure to re-establish the context. Re-starting the RACH procedure may be avoided in this case. This would be a bit complex to add since the UE ID in msg 3, the NAS PDU in msg 5 etc. will need to be transferred in a new message.
· Reject the UE’s connection request. On receipt of this message, the RRC can delete its stored context and inform upper layer of the failure of the connection establishment. This method means that the UE has to perform the RACH procedure again, however, for Rel-13 timeframe, it may be best to restart the whole procedure. In a future release, an optimization to avoid the RACH procedure may be considered. 
Proposal 6: When eNB does not have UE context, eNB sends RRC Connection Reject to trigger the UE AS to perform legacy service request procedure.
2.1.1.1 Resume MAC
SA3 is already working on security procedure for the overall UP solution and will provide their recommendation. While we are waiting on SA3 input, RAN2 could discuss whether the short-MAC-I used within the RRC connection re-establishment procedure could be also utilized for support of solution 18 as well. The UE could calculate the short-MAC-I as with re-establishment. Unless SA3 feels this is not sufficient, we think re-using existing mechanisms should be the baseline. 
Proposal 7: RAN2 to consider including short-MAC-I as part of the RRC Connection Request message for identification and verification of the UE.  Short-MAC-I is calculated as today.
2.1.1.2 Bearer resumptionIn our view the context resumption should resume the complete stored context or nothing (in which case the resume request is rejected and UE has to perform full RRC connection establishment). Therefore, it is not necessary to provide any indication within msg. 3 to support the synchronization. We agree that this was included in original SA2 documents but RAN2 need to understand if it serves any purpose before including it. Further details of this issue are discussed in [5].

Proposal 8: RAN2 to agree that bearer synchronization is not necessary for CIoT UP solution and that the resumption of a connection means that all the bearers are resumed or the context is considered invalid (no partial context resumption).

The following figure provides the message for the resumption according to the discussion above.
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Figure 1. RRC Resume procedure for CIoT UP solution
2.1.2 RRC Suspend procedure details
The RRC Connection release procedure is preceded by S1 UE context release procedure as per legacy and it moves the UE to RRC_IDLE mode. The RRC Suspend procedure moves the UE to idle mode as well. Thus, it is preferred that the release procedure is also used for the suspending of the RRC Connection using for e.g. a context storage and suspend indication IE. Furthermore, it has been already agreed as part of the recent NB-IoT Adhoc meeting that the release procedure will be used for suspending the radio connection. 

The proposed connection suspend procedure for CIoT UP solution is shown below in figure 2. The definition of the legacy connection release procedure may be modified to justify that the context can be stored if notified by the eNB.

Proposal 9: RAN2 to agree that the legacy RRC Connection release message with a new indication, e.g. ue-ContextStorageIndication can be utilized for putting the UE in suspend mode and informing the UE to store its AS context for the subsequent connection setup.
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Figure 2. RRC Suspend procedure for CIoT UP solution
2.1.2.1 AS/NAS interaction

When the UE changes between suspend and resume procedures, the upper layer may be either agnostic (as no service request procedure needs to be triggered during idle to connected transition if the eNB still has a valid context) or it could be made aware of every connection status change. In order to have minimal specification impact, the NAS need not be modified in any way and the AS would make the decision of whether to use the legacy RRC connection request procedure or the RRC connection resume procedure at every connection switch from idle to connected mode. This decision is primarily based on the UE’s support of this solution as well as network’s indication of its support during suspend procedure. When the Resume procedure succeeds, the AS will quietly discard the NAS PDU containing the service request message.
Proposal 10: NAS is kept transparent to the UE’s connection status change, and there is no need to specify the AS/NAS interaction (i.e. when the Service request procedure is not triggered in certain cases)
3 Conclusions and proposals
In this contribution, we discussed the necessary RRC changes for supporting CIoT UP solution in LTE (AS context reuse user plane solution) and have the following proposals:
Proposal 1: RAN2 to consider using RRC Connection Request message as a baseline for resuming the suspended connection with CIoT UP solution. 
Proposal 2: RAN2 to discuss the critical extension of UL-CCCH message for initiating connection resumption using CIoT UP solution.
Proposal 3: RAN2 to agree that a ID is provided by the network as “cell/eNB” ID. The UE echoes back this bit string at Resume request.

Proposal 4: RAN2 to agree that RRC Connection Setup message is used to resume the suspended connection potentially with an indication for successful resumption.
Proposal 5: RAN2 to discuss the need for RRC Connection Setup Complete to follow RRC Connection Setup message when AS context reuse solution is applied.

Proposal 6: When eNB does not have UE context, eNB sends RRC Connection Reject to trigger the UE AS to perform legacy service request procedure.
Proposal 7: RAN2 to consider including short-MAC-I as part of the RRC Connection Request message for identification and verification of the UE.  Short-MAC-I is calculated as today.
Proposal 8: RAN2 to agree that bearer synchronization is not necessary for CIoT UP solution and that the resumption of a connection means that all the bearers are resumed or the context is considered invalid (no partial context resumption).

Proposal 9: RAN2 to agree that the legacy RRC Connection release message with a new indication, e.g. ue-ContextStorageIndication can be utilized for putting the UE in suspend mode and informing the UE to store its AS context for the subsequent connection setup.

Proposal 10: NAS is kept transparent to the UE’s connection status change, and there is no need to specify the AS/NAS interaction (i.e. when the Service request procedure is not triggered in certain cases)
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5 Annex
<Stage-3 text for connection release procedure to suspend connection >
5.3.8.1
General

The purpose of this procedure is to release the RRC connection, which includes the release of the established radio bearers as well as all radio resources. For supporting small data transmission using AS context reuse, the release could carry an indication to suspend the radio bearers and store the UE context.
5.3.8.2
Initiation

E-UTRAN initiates the RRC connection release procedure to a UE in RRC_CONNECTED.

5.3.8.3
Reception of the RRCConnectionRelease by the UE

The UE shall:

1>
delay the following actions defined in this sub-clause 60 ms from the moment the RRCConnectionRelease message was received or optionally when lower layers indicate that the receipt of the RRCConnectionRelease message has been successfully acknowledged, whichever is earlier;

1>
if the RRCConnectionRelease message includes the UE-ContextStorageIndication and UE Context ID:
2> store the UE context information, the UE-ContextIdentity and consider the connection suspended;
1>
else if the RRCConnectionRelease message includes the idleModeMobilityControlInfo:

2>
store the cell reselection priority information provided by the idleModeMobilityControlInfo;

2>
if the t320 is included:

3>
start timer T320, with the timer value set according to the value of t320;

1>
else:

2>
apply the cell reselection priority information broadcast in the system information;

/**** NEXT TEXT PROPOSAL ****/

–
RRCConnectionRelease
The RRCConnectionRelease message is used to command the release of an RRC connection.

Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: E‑UTRAN to UE

RRCConnectionRelease message
-- ASN1START

RRCConnectionRelease ::=


SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE {




rrcConnectionRelease-r8



RRCConnectionRelease-r8-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

RRCConnectionRelease-r8-IEs ::=

SEQUENCE {


releaseCause





ReleaseCause,


redirectedCarrierInfo



RedirectedCarrierInfo



OPTIONAL,
-- Need ON


idleModeMobilityControlInfo


IdleModeMobilityControlInfo


OPTIONAL,
-- Need OP


nonCriticalExtension



RRCConnectionRelease-v890-IEs

OPTIONAL

}

RRCConnectionRelease-v890-IEs ::=
SEQUENCE {


lateNonCriticalExtension


OCTET STRING (CONTAINING RRCConnectionRelease-v9e0-IEs)
OPTIONAL,


nonCriticalExtension



RRCConnectionRelease-v920-IEs

OPTIONAL

}

-- Late non critical extensions

RRCConnectionRelease-v9e0-IEs ::= SEQUENCE {


redirectedCarrierInfo-v9e0


RedirectedCarrierInfo-v9e0


OPTIONAL,
-- Cond NoRedirect-r8


idleModeMobilityControlInfo-v9e0
IdleModeMobilityControlInfo-v9e0
OPTIONAL,
-- Cond IdleInfoEUTRA


nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

-- Regular non critical extensions

RRCConnectionRelease-v920-IEs ::=
SEQUENCE {


cellInfoList-r9




CHOICE {



geran-r9





CellInfoListGERAN-r9,



utra-FDD-r9





CellInfoListUTRA-FDD-r9,



utra-TDD-r9





CellInfoListUTRA-TDD-r9,



...,



utra-TDD-r10




CellInfoListUTRA-TDD-r10


}














OPTIONAL,
-- Cond Redirection


nonCriticalExtension


RRCConnectionRelease-v1020-IEs

OPTIONAL

}

RRCConnectionRelease-v1020-IEs ::=
SEQUENCE {


extendedWaitTime-r10



INTEGER (1..1800)

OPTIONAL,
-- Need ON


nonCriticalExtension


RRCConnectionRelease-v13x0-IEs

OPTIONAL

}

RRCConnectionRelease-v13x0-IEs ::=
SEQUENCE {


ue-ContextStorageIndication-r13

ENUMERATED {true}


OPTIONAL,
-- Need ON


oldCellId                           BIT STRING (SIZE (8))

OPTIONAL,   -- Cond Suspend

nonCriticalExtension


SEQUENCE {}



OPTIONAL

}

<text omitted for brevity>
UE-ContextIdentity-r13 ::=           SEQUENCE {

    c-RNTI                               C-RNTI,

    oldCellId                            BIT STRING (SIZE (8))

)

-- ASN1STOP

	Conditional presence
	Explanation

	EARFCN-max
	The field is mandatory present if the corresponding carrierFreq (i.e. without suffix) is set to maxEARFCN. Otherwise the field is not present.

	IdleInfoEUTRA
	The field is optionally present, need OP, if the IdleModeMobilityControlInfo (i.e. without suffix) is included and includes freqPriorityListEUTRA; otherwise the field is not present.

	NoRedirect-r8
	The field is optionally present, need OP, if the redirectedCarrierInfo (i.e. without suffix) is not included; otherwise the field is not present.

	Redirection
	The field is optionally present, need ON, if the redirectedCarrierInfo is included and set to geran, utra-FDD, utra-TDD or utra-TDD-r10; otherwise the field is not present.

	Suspend
	The field is optionally present, Need OR, when ue-ContextStorageIndication is present.  Otherwise the field is not present and UE shall delete any existing value for this field. 


<Stage-3 text for connection request procedure to resume connection>

/**** NEXT TEXT PROPOSAL ****/

5.3.3.3
Actions related to transmission of RRCConnectionRequest message

The UE shall set the contents of RRCConnectionRequest message as follows:

1> if UE-ContextIdentity was stored along with UE context information from previous connection release:

          2> set the ue-ResumeIdentity as follows:

3>
set the ue-ContextIdentity to the received UE-ContextIdentity

3> set the shortMAC-I to the 16 least significant bits of the MAC-I calculated:

4>
over the ASN.1 encoded as per section 8 (i.e., a multiple of 8 bits) VarShortMAC-Input;

4>
with the KRRCint key and integrity protection algorithm that was used in the source PCell; and

4>
with all input bits for COUNT, BEARER and DIRECTION set to binary ones;

1>
else set the ue-Identity as follows:

2>
if upper layers provide an S-TMSI:

3>
set the ue-Identity to the value received from upper layers;
2>
else:

3>
draw a random value in the range 0 .. 240-1 and set the ue-Identity to this value;

NOTE 1:
Upper layers provide the S-TMSI if the UE is registered in the TA of the current cell.

1>
set the establishmentCause in accordance with the information received from upper layers;

The UE shall submit the RRCConnectionRequest message to lower layers for transmission.

/**** NEXT TEXT PROPOSAL ****/

–
RRCConnectionRequest
The RRCConnectionRequest message is used to request the establishment of an RRC connection.

Signalling radio bearer: SRB0

RLC-SAP: TM

Logical channel: CCCH

Direction: UE to E‑UTRAN

RRCConnectionRequest message
-- ASN1START

RRCConnectionRequest ::=


SEQUENCE {


criticalExtensions




CHOICE {



rrcConnectionRequest-r8



RRCConnectionRequest-r8-IEs,



criticalExtensionsFuture


CHOICE {
   


 rrcConnectionRequest-r13        RRCConnectionRequest-r13-IEs,

             criticalExtensionsFuture-r13        SEQUENCE {}



}


}

}

RRCConnectionRequest-r8-IEs ::=

SEQUENCE {


ue-Identity






InitialUE-Identity,


establishmentCause




EstablishmentCause,


spare







BIT STRING (SIZE (1))

}

RRCConnectionRequest-r13-IEs ::=

SEQUENCE {


ue-resumeIdentity-r13



UE-ResumeIdentity-r13,


establishmentCause-r13



EstablishmentCause,


spare







BIT STRING (SIZE (1))

}

InitialUE-Identity ::=



CHOICE {


s-TMSI







S-TMSI,


randomValue






BIT STRING (SIZE (40))

}

EstablishmentCause ::=



ENUMERATED {











emergency, highPriorityAccess, mt-Access, mo-Signalling,











mo-Data, delayTolerantAccess-v1020, mo-VoiceCall-v1280, spare1}

UE-ResumeIdentity-r13 ::=
SEQUENCE {


ue-ContextIdentity-r13            UE-ContextIdentity-r13,

    shortMAC-I-r13                   ShortMAC-I

}

-- ASN1STOP

	RRCConnectionRequest field descriptions

	UE-Resume-Identity

UE Resume-identity is a 24-bit UE-identity consisting of a combination of C-RNTI and cell identifier as determined by the network included to facilitate contention resolution by lower layers as well as identify the UE and its stored context in a given cell/eNB.


<Stage-3 text for connection setup procedure to respond to resumption request>
/**** NEXT TEXT PROPOSAL ****/

5.3.3.4
Reception of the RRCConnectionSetup by the UE

NOTE:
Prior to this, lower layer signalling is used to allocate a C-RNTI. For further details see TS 36.321 [6];

The UE shall:

1> if resumeIndication is included, consider the resume connection request successful and resume the suspended connection with its existing configuration;

1> else perform the radio resource configuration procedure in accordance with the received radioResourceConfigDedicated and as specified in 5.3.10;

<text omitted for brevity> 
/**** NEXT TEXT PROPOSAL ****/

–
RRCConnectionSetup
The RRCConnectionSetup message is used to establish SRB1.

Signalling radio bearer: SRB0

RLC-SAP: TM

Logical channel: CCCH

Direction: E‑UTRAN to UE

RRCConnectionSetup message
-- ASN1START

RRCConnectionSetup ::=



SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE {




rrcConnectionSetup-r8



RRCConnectionSetup-r8-IEs,




spare7 NULL,




spare6 NULL, spare5 NULL, spare4 NULL,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

RRCConnectionSetup-r8-IEs ::=

SEQUENCE {


radioResourceConfigDedicated

RadioResourceConfigDedicated,


nonCriticalExtension



RRCConnectionSetup-v8a0-IEs


OPTIONAL

}

RRCConnectionSetup-v8a0-IEs ::= SEQUENCE {


lateNonCriticalExtension


OCTET STRING





OPTIONAL,


nonCriticalExtension



RRCConnectionSetup-v13x0-IEs


OPTIONAL

}

RRCConnectionSetup-v13x0-IEs ::= SEQUENCE {


resumeIndication-r13



ENUMERATED {true} 


OPTIONAL,

-- Need ON


nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

-- ASN1STOP

<Stage-3 text for connection reject procedure to trigger legacy service request>

/**** NEXT TEXT PROPOSAL ****/

5.3.3.8
Reception of the RRCConnectionReject by the UE

The UE shall:

1>
stop timer T300;

1>
reset MAC and release the MAC configuration;

1>
start timer T302, with the timer value set to the waitTime;

1>
if the extendedWaitTime is present and the UE supports delay tolerant access:
2>
forward the extendedWaitTime to upper layers;

1>
if deprioritisationReq is included and the UE supports RRC Connection Reject with deprioritisation:

2>
start or restart timer T325 with the timer value set to the deprioritisationTimer signalled;

1> store the deprioritisationReq until T325 expiry;
2> 1> if ue-resumeReject is included:

3> 2> delete the stored configuration and UEContextIdentity 

4> 2> initiate the RRCConnectionRequest procedure in accordance with 5.3.3.3;

NOTE:
The UE stores the deprioritisation request irrespective of any cell reselection absolute priority assignments (by dedicated or common signalling) and regardless of RRC connections in E-UTRAN or other RATs unless specified otherwise.

1>
inform upper layers about the failure to establish the RRC connection and that access barring for mobile originating calls, mobile originating signalling, mobile terminating access and mobile originating CS fallback is applicable, upon which the procedure ends;

/**** NEXT TEXT PROPOSAL ****/

–
RRCConnectionReject
The RRCConnectionReject message is used to reject the RRC connection establishment.

Signalling radio bearer: SRB0

RLC-SAP: TM

Logical channel: CCCH

Direction: E‑UTRAN to UE

RRCConnectionReject message
-- ASN1START

RRCConnectionReject ::=



SEQUENCE {


criticalExtensions




CHOICE {



c1








CHOICE {




rrcConnectionReject-r8



RRCConnectionReject-r8-IEs,




rrcConnectionReject-r13



RRCConnectionReject-r13-IEs,






spare2 NULL, spare1 NULL        


},



criticalExtensionsFuture


SEQUENCE {}


}

}

RRCConnectionReject-r8-IEs ::=

SEQUENCE {


waitTime






INTEGER (1..16),


nonCriticalExtension



RRCConnectionReject-v8a0-IEs

OPTIONAL

}

RRCConnectionReject-v8a0-IEs ::= SEQUENCE {


lateNonCriticalExtension


OCTET STRING





OPTIONAL,


nonCriticalExtension



RRCConnectionReject-v1020-IEs

OPTIONAL

}

RRCConnectionReject-v1020-IEs ::=
SEQUENCE {


extendedWaitTime-r10



INTEGER (1..1800)




OPTIONAL,
-- Need ON


nonCriticalExtension



RRCConnectionReject-v1130-IEs

OPTIONAL

}

RRCConnectionReject-v1130-IEs ::=
SEQUENCE {


deprioritisationReq-r11



SEQUENCE {



deprioritisationType-r11


ENUMERATED {frequency, e-utra},



deprioritisationTimer-r11


ENUMERATED {min5, min10, min15, min30}


}

















OPTIONAL,
-- Need ON


nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

RRCConnectionReject-r13-IEs ::=

SEQUENCE {


ue-resumeReject-r13




ENUMERATED {true},


nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

-- ASN1STOP

UE
MME
S-GW
eNB

S1AP: UE context activate
S1AP: UE context activate Ack
Modify Bearer Request

Modify  Bearer Response
UL data
DL data
RA msg 1 (PRACH preamble)
RA msg 2 (RAR)
RRC Connection Request (UE context ID w/shortMAC-I, establishment cause)
RRC Connection Setup (resumeIndication)



UE
MME
S-GW
eNB decides to suspend the connection
eNB
MME enters ECM_idle


UL data
DL data
S1AP: UE context deactivate
S1AP: UE context deactivate Ack
Release Access Bearer Request

Release Access Bearer Response
RRC Connection Release (ue-ContextStorageIndication, 
Old cell ID)
UE enters RRC_IDLE/ECM_IDLE



