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1. Introduction

To handle infrequent small data transmissions for NB-IOT, it was agreed to support CP solution (solution 2 in TR 23.720 [1]) and UP solution (solution 18 in TR 23.720 [1]) suggested by SA2. In the last RAN2 meeting, several agreement and FFS were reached about the UP solution as below [2]:
· Agree that the UE may retain the AS context in RRC_IDLE mode for UP solution. RAN2 assumes that this enhanced RRC_IDLE state is referred to as RRC_IDLE but this may be revisited. 

· Introduce a RRC Connection Suspend procedure which is used at transition from RRC_CONNECTED to RRC_IDLE state and where the UE stores the AS context;
· We assume that at suspend – resume, security is continued. It is FFS how this is done. 
· Introduce a RRC connection resume procedure which is used at transition from RRC_IDLE to RRC_CONNECTED and where previously stored information in the UE as well as in the eNodeB is utilized to resume the RRC connection.

· The RRC suspend procedure and the RRC resume procedure may be new procedures with new messages, or may be implemented as new IEs in existing LTE procedures. This is FFS. 
· In the message to resume, the UE provides an Identifier to be used by the eNB to access the stored information required to resume the RRC Connection. Identifier FFS
· If the resume procedure fails, e.g. if the AS context is not present, we assume that the UE initiates connection setup. It is FFS if this is done in an optimized way or not. 

· It is FFS if DRB can be multiplexed with connection resume request if the granted transport block size permits.
In this contribution, we would like to discuss the failure of the resume procedure and the potential handling to avoid the failure or enhance the procedure.
2. Discussion

The UP solution reduces significant signalling overhead by retaining AS content from the previous RRC connection for the subsequent RRC connection setup. The transition from RRC_CONNECTED to RRC_IDLE is realized by a RRC Connection Suspend procedure illustrated in Figure 1 quoted from TR 23.720 [1]. 
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Figure 1: Suspension of a RRC Connection [1]

The transition from RRC_IDLE to RRC_CONNECTED is realized by a RRC Connection Resume procedure illustrated in Figure 2 quoted from TR 23.720 [1].
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Figure 2: Resumption of a previously suspended RRC connection [1]
According to TR 23.720 [1], the functionality is supported on an eNB basis. In general, the resumption of the previously suspended connection is limited to the cells configured on the eNB where that connection was previously suspended. It can also be extended to a cluster of eNBs that support UE context transfer between the eNBs via X2 interface. 

In addition, TR 23.720 [1] also specifies that 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. This is aligned with the RAN2 agreement that if the resume procedure fails, e.g. if the AS context is not present, we assume that the UE initiates connection setup. It is FFS if this is done in an optimized way or not. 
To implement the agreement into stage-3, more details regarding resume failure needs to be decided. Different ways to handle resume failure lead to different level of signalling overhead and performance. In the following, several potential options are analysed.
Option 1: fall back to normal connection establishment procedure
If RRC connection resume procedure and RRC connection establishment procedure are separately considered, a UE storing AS information always performs RRC connection resume procedure first, and if the resumption is not successful, the UE falls back to normal RRC connection establishment procedure. In this option, once the resumption fails, signalling overhead cannot be saved but increased compared to a normal UE directly performing normal RRC connection establishment procedure.
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Figure 3: Fall back to normal connection setup procedure 
Option 2: enhanced resume procedure to handle resume failure
The case of resume failure can also be realized without initiating normal connection establishment procedure from the start. As specified in TR 23.720 [1] (section 6.18.1.5), if a UE receives RRC Connection Resume Complete message indicating that the resumption cannot succeed, the UE provides RRC Connection Setup Complete message including NAS Service Request in response. The following procedures are as normal without storing AS information in the UE. The procedures in case of resume failure can therefore be reduced compared to option 1.
In this option, since a UE doesn’t know whether the resumption will succeed when it transmits the resume request, information in RRC Connection Request such as initial UE identity needs to be included in resume request such that a normal RRC connection can therefore be established in case the eNB doesn’t have AS context. This increases the message size of resume request which will be included in Msg3 of random access procedure. Preamble grouping may thus be necessary to deal with different size of Msg3, e.g. RRC Connection Request message and RRC Connection Resume Request message.
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Figure 4: Resumption with no AS info available in the eNB [1]
Option 3: resume failure avoidance based on scope indication

According to TR 23.720 [1], when a UE attempts to resume the RRC connection to a cell, whether the resumption will be successful depends on whether the eNB controlling the cell has AS information or it can fetch the UE context. If the UE has knowledge about which cell(s) has stored AS information (or be able to fetch UE context) beforehand, it can decide whether to use resume procedure or normal connection establishment procedure when attempting to resume or establish a RRC connection. For example, a list of cells can be provided by the cell suspending the connection. A UE uses resume procedure when accessing the cell in the list, and uses connection establishment procedure when accessing the cell not in the list.
In this option, resume failure can be avoided compared to option 1 and option 2. However, additional signalling needs to be provided by the cell suspending the RRC connection.
Option 4: resume failure avoidance based on UP solution support indication
Another way to avoid resume failure is based on an indication of UP solution support. If a cell supports UP solution, it broadcasts an indication of supporting the UP solution. The indication can be used for the UE to decide to initiate RRC connection resume procedure or RRC connection establishment procedure when attempting to resume or establish a RRC connection. If a cell doesn’t support UP solution, the UE can directly initiates RRC connection establishment procedure without trying resume procedure which will anyway fails. Otherwise, the UE can initiate RRC connection resume procedure.
In this option, less signalling overhead is produced compared to option 3. However, resume failure can still occur on the cell supporting UP solution but not having AS information. If resume failure occurs, method of option 1 or 2 can be used.
A brief summary of the four options are listed in the table below. RAN2 is suggested to discuss which option should be used.

	
	Option 1
	Option 2
	Option 3
	Option 4

	Resume failure avoidance
	No
	No
	Yes
	Partial

	Power consumption
	Most
	Little
	Little
	More

	Overhead upon resume failure
	Large
	Small
	No
	Depend (same as option 1 or 2)

	Extra Signalling
	No
	Larger connection resume request
	Validity cell list
	Indication of UP solution support


Table 1: comparison of different options

Proposal 1:
RAN2 is suggested to discuss which option is used to handle resume failure.
3. Conclusion

In this contribution, we discuss potential handling of resume failure, and suggest RAN2 to decide which option should be used.
Proposal 1:
RAN2 is suggested to discuss which option is used to handle resume failure.
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Annex (Potential Text Proposal)
Option 1

x.x.x.x
Reception of the RRCConnectionResumeFailure by the UE

The UE shall initiate the procedure of RRC connection establishment.
Option 2

x.x.x.x
Reception of the RRCConnectionResumeComplete by the UE

The UE shall:

1> if the RRCConnectionResumeComplete indicates that the connection cannot be resumed:

2> submit the RRCConnectionSetupComplete message to lower layers for transmission;
Option 3
5.3.3.2
Initiation (of RRC connection establishment)
The UE having stored AS context initiates the procedure when upper layers request establishment of an RRC connection and the cell is not in validityCellList while the UE is in RRC_IDLE.
The UE shall discard the stored AS context upon initiation of the procedure, if any.

x.x.x.x
Initiation of RRC connection resume
The UE having stored AS context initiates the procedure when upper layers request establishment of an RRC connection and the cell is in validityCellList while the UE is in RRC_IDLE.

–
RRCConnectionReconfiguration
RRCConnectionReconfiguration message
-- ASN1START

RRCConnectionReconfiguration-v13xx-IEs ::= SEQUENCE {

validityCellList




ValidityCellList



OPTIONAL,
-- Need ON

nonCriticalExtension



SEQUENCE {}





OPTIONAL
}

ValidityCellList ::=

SEQUENCE (SIZE (1..maxCell)) OF PhysCellIdRange

-- ASN1STOP

Option 4

5.3.3.2
Initiation (of RRC connection establishment)
The UE having stored AS context initiates the procedure when upper layers request establishment of an RRC connection and SIB-X doesn’t broadcast support of UP solution while the UE is in RRC_IDLE.
The UE shall discard the stored AS context upon initiation of the procedure, if any.
x.x.x.x
Initiation of RRC connection resume
The UE having stored AS context initiates the procedure when upper layers request establishment of an RRC connection and SIB-X broadcasts support of UP solution while the UE is in RRC_IDLE.

–
SystemInformationBlockTypeX

SystemInformationBlockTypeX information element
-- ASN1START

SystemInformationBlockTypeX
 ::=

SEQUENCE {


up-SolutionSupport




ENUMERATED {true}


OPTIONAL
-- Need OR
}

-- ASN1STOP
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