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1 Introduction

To reduce signalling associated with state transitions, EUTRA Rel-13 will support the User Plane EPS Optimization where an RRC connection can be suspended to be resumed at a later time. The User Plane EPS Optimisation is also known as “context caching” or RRC Resume. 

To avoid extra signalling and random access load and delay, RAN2 decided at RAN2#93 that:

In case of RRC resume failure, the eNB may send an RRCConnectionSetup message in immediate response to an RRC connection resume request, after which the UE does the needed AS-NAS interaction and responds with RRCConnectionSetupComplete message including NAS PDU.
RAN2 has furthermore asked CT1 to specify the necessary AS-NAS interaction to facilitate the fallback to connection establishment in response to resume request [2].

In this contribution we consider AS-NAS interaction in the context of the RRC connection resume procedure and the fallback procedure in more detail.

2 Discussion
2.1 Initiation of RRC connection resume 

Establishment of an RRC connection is initiated when upper layers, i.e., NAS requests establishment of an RRC connection while the UE is in RRC_IDLE.
Running CR to TS 36.331:
5.3.3.2
Initiation

The UE initiates the procedure when upper layers request establishment of an RRC connection while the UE is in RRC_IDLE.
As is clear from [3], also RRC connection resume is triggered by upper layers, i.e., NAS; yellow highlighted text in the excerpt from [3] below.

TS 24.301 v13.5.0:

5.3.1.3
Suspend and resume of the NAS signalling connection

Suspend of the NAS signalling connection can be initiated by the network in EMM-CONNECTED mode when User plane EPS optimization is used. Resume of the suspended NAS signalling connection is initiated by the UE.

When User plane EPS optimization is used:

-
Upon indication from the lower layers that the RRC connection has been suspended, the UE shall enter EMM-IDLE mode with suspend indication, but shall not consider the NAS signalling connection released;

-
Upon trigger of an service request procedure or an extended service request procedure when in EMM-IDLE mode with suspend indication, the UE shall request the lower layer to resume the RRC connection. In this request to the lower layer the NAS shall provide to the lower layer the RRC establishment cause and the call type according to annex D of this document;

Currently this is not clear in the running CR to TS 36.331. Is should be clarified that connection initiation is also triggered when upper layers request to resume an RRC connection as follows; baseline text based on running CR [1]:
5.3.3.2
Initiation

The UE initiates the procedure when upper layers request establishment or resume of an RRC connection while the UE is in RRC_IDLE.

Proposal 1 Connection initiation is triggered when upper layers request establishment or resume of an RRC connection.

2.2 Indication to upper layers of success/failure to resume

NAS [3] expects an indication of whether the RRC connection has been resumed or the RRC connection resume has failed:

TS 24.301 v13.5.0:

5.3.1.3
Suspend and resume of the NAS signalling connection

<snip>

-
Upon indication from the lower layers that the RRC connection has been resumed when in EMM-IDLE mode with suspend indication, the UE shall enter EMM-CONNECTED mode. If a SERVICE REQUEST message is pending, the message shall not be sent. If an EXTENDED SERVICE REQUEST message is pending, the message shall be sent; and

-
Upon indication from the lower layers that the RRC connection resume has failed when in EMM-IDLE mode with suspend indication, the UE shall enter EMM-IDLE mode without suspend indication and restart any pending NAS procedure.

These indications should be added to the actions related to reception of the RRC connection resume [name FFS] and RRCConnectionSetup messages as follows; text based on running CR [1] :

5.3.3.4a
Reception of the RRCConnectionResume by the UE

Editor’s note: to be updated when the details about the resumption procedure  have been  agreed RAN2
The UE shall:

1>
stop timer T300;

Editors’ note:  FFS other timers 

1> restore the MAC main configuration from the stored UE context:

1> restore PDCP and RLC entities for all SRBs and DRBs that are established from the stored UE context:

Editor’s note:  FFS whether PDCP/RLC entities are maintained or released when the connection is suspended
1>
release the stored UE context;

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

1>
update the KeNB key based on the KASME key to which the current KeNB is associated, using the nextHopChainingCount value indicated in the RRCConnectionResume  FFS] message, as specified in TS 33.401 [32];

1>
store the nextHopChainingCount value;

1>
derive the KRRCint key associated with the previously configured integrity algorithm, as specified in TS 33.401 [32];

1>
derive the KRRCenc key and the KUPenc key associated with the previously configured ciphering algorithm, as specified in TS 33.401 [32];

1> configure lower layers to activate integrity protection using the previously configured algorithm and the KRRCint key immediately, i.e., integrity protection shall be applied to all subsequent messages received and sent by the UE;

1>
configure lower layers to apply the ciphering algorithm, the KRRCenc key and the KUPenc key, i.e. the ciphering configuration shall be applied to all subsequent messages received and sent by the UE;

1>
enter RRC_CONNECTED;
1> Indicate to upper layers that the RRC connection has been resumed;
1>
stop the cell re-selection procedure;

1> consider the current cell to be the PCell

1>
submit the RRCConnectionResumeComplete [FFS] message to lower layers for transmission;

1> the procedure ends.

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];

Editor’s note: to be updated when the details about the resumption procedure  have been  agreed RAN2.
The UE shall:

1> if the RRCConnectionSetup is received in response to an RRCConnectionResumeRequest [FFS]:
2>
release the stored UE context;
2> indicate to upper layers that RRC connection resume has failed;
1>
perform the radio resource configuration procedure in accordance with the received radioResourceConfigDedicated and as specified in 5.3.10;

Proposal 2 When RRC connection resume message [name FFS] has been received, UE RRC indicates to upper layers that RRC connection has been resumed.

Proposal 3 When RRCConnectionSetup is received in response to RRC connection request [name FFS], UE RRC indicates to upper layers that RRC connection resume has failed.

2.3 Provisioning of initial NAS message
In case of connection resume, current NAS does not send a pending SERVICE REQUEST:
TS 24.301 v13.5.0:

5.3.1.3
Suspend and resume of the NAS signalling connection

<snip>

-
Upon indication from the lower layers that the RRC connection has been resumed when in EMM-IDLE mode with suspend indication, the UE shall enter EMM-CONNECTED mode. If a SERVICE REQUEST message is pending, the message shall not be sent. If an EXTENDED SERVICE REQUEST message is pending, the message shall be sent; and

For the case that the UE receives an RRCConnectionSetup in response to an RRC connection resume request [name FFS], the UE shall set the dedicatedInfoNAS to include the initial NAS message. Thus, in case of resume failure, NAS needs to send a pending SERVICE REQUEST.

RAN2 has asked CT1 to specify the necessary AS-NAS interaction and input is being provided to CT1#97 [4] to facilitate the sending of the initial NAS message for the case that the UE receives an RRCConnectionSetup message in response to an RRC connection resume request. The proposed update to [3] is small. In essence: 
5.3.1.3
Suspend and resume of the NAS signalling connection

<snip>

-
Upon indication from the lower layers that the RRC connection resume has failed when in EMM-IDLE mode with suspend indication, the UE shall enter EMM-IDLE mode without suspend indication, continue with the RRC connection establishment and send any pending initial NAS message.
This ensures that the pending initial NAS message (including SERVICE REQUEST) is sent in the case of resume failure.

2.4 Summary of AS-NAS interaction

The AS-NAS interaction for successful RRC connection resume is summarized in Figure 1 below.
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Figure 1
AS-NAS interaction for successful RRC connection resume.
The AS-NAS interaction at RRC connection resume failure is summarized in Figure 2 below.
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Figure 2
AS-NAS interaction at RRC connection resume failure.
2.5 S-TMSI in RRCConnectionSetupComplete
If the UE is registered in the TA of the current cell, the S-TMSI should be provided to the eNB for routing the NAS message carried in the RRCConnectionSetupComplete message to the correct MME. The eNB should also provide the MME with the S-TMSI in S1-AP.

In the legacy RRC connection establishment procedure S-TMSI is signalled in the RRCConnectionRequest message. In case the UE receives an RRCConnectionSetup message in response to an RRC connection resume request [name FFS] the S-TMSI, would need to be provided in the RRCConnectionSetupComplete message.

Proposal 4 S-TMSI is added as a new optional IE in RRCConnectionSetupComplete, included in case the UE receives an RRCConnectionSetup message in response to an RRC connection resume request [name FFS] and upper layers provide an S-TMSI.

3 Summary
In this contribution we have outlined the AS-NAS interaction for RRC connection resume including the case of resume failure and UE receives an RRCConnectionSetup message in response to an RRC connection resume request [name FFS].  Current NAS and suggested update to NAS was reviewed and the following updates to RRC handling are proposed:
Proposal 1
Connection initiation is triggered when upper layers request establishment or resume of an RRC connection.
Proposal 2
When RRC connection resume message [name FFS] has been received, UE RRC indicates to upper layers that RRC connection has been resumed.
Proposal 3
When RRCConnectionSetup is received in response to RRC connection request [name FFS], UE RRC indicates to upper layers that RRC connection resume has failed.
Proposal 4
S-TMSI is added as a new optional IE in RRCConnectionSetupComplete, included in case the UE receives an RRCConnectionSetup message in response to an RRC connection resume request [name FFS] and upper layers provide an S-TMSI.
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