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7.3
Transport of NAS messages

The AS provides reliable in-sequence delivery of NAS messages in a cell. During handover, message loss or duplication of NAS messages can occur.

In E-UTRAN, NAS messages are either concatenated with RRC messages or carried in RRC without concatenation. Upon arrival of concurrent NAS messages for the same UE requiring both concatenation with RRC for the high priority queue and also without concatenation for the lower priority queue, the messages are first queued as necessary to maintain in-sequence delivery.
In DL, when an EPS bearer establishment or release procedure is triggered, or for EDT in case of Control Plane CIoT EPS optimization, the NAS message should normally be concatenated with the associated RRC message. When the EPS bearer is modified and when the modification also depends on a modification of the radio bearer, the NAS message and associated RRC message should normally be concatenated. Concatenation of DL NAS with RRC message is not allowed otherwise. In uplink concatenation of NAS messages with RRC message is used only for transferring the initial NAS message during connection setup and for EDT in case of Control Plane CIoT EPS optimization. Initial Direct Transfer is not used in E-UTRAN and no NAS message is concatenated with RRC connection request.

Multiple NAS messages can be sent in a single downlink RRC message during EPS bearer establishment or modification. In this case, the order of the NAS messages in the RRC message shall be kept the same as that in the corresponding S1-AP message in order to ensure the in-sequence delivery of NAS messages.

NOTE:
NAS messages are integrity protected and ciphered by PDCP, in addition to the integrity protection and ciphering performed by NAS.
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7.3x
EDT
7.3x.1
General

EDT allows one uplink data transmission optionally followed by one downlink data transmission during the random access procedure. 

EDT is triggered when the upper layers have requested the establishment or resumption of the RRC Connection for Mobile Originated data (i.e., not signalling or SMS) and the uplink data size is less than or equal to a TBS indicated in the system information. EDT is not used for data over the control plane when using the User Plane CIoT EPS optimizations.  
Editor’s note: It is FFS whether segmentation in MSG3 is supported for the User Plane CIoT EPS optimizations. 

Editor’s note: The AS-NAS interaction and signalling aspects on S1 is pending review/confirmation by CT1, RAN3 and SA2.

EDT is only applicable to [Bandwidth Reduced Low Complexity UEs, UEs in Enhanced Coverage and] NB-IoT UEs. 

7.3x.2
EDT for Control Plane CIoT EPS optimizations
EDT for Control Plane CIoT EPS optimizations, as defined in TS 24.301 [20], is characterized as below:
-
Uplink user data are transmitted in a NAS message concatenated in UL RRCEarlyDataRequest message on CCCH; 

-
Downlink user data are optionally transmitted in a NAS message embedded in DL RRCEarlyDataComplete message on CCCH;

-
There is no transition to RRC CONNECTED.

The EDT procedure for Control Plane CIoT EPS optimizations is illustrated in Figure 7.3x-1. 
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Figure 7.3x-1: EDT for Control Plane CIoT EPS Optimizations

0.
Upon connection establishment request for Mobile Originated data from the upper layers, the UE initiates the early data transmission procedure and selects a random access preamble configured for EDT.
1.
UE sends RRCEarlyDataRequest message concatenating the user data on CCCH.

2.
The eNB initiates the S1-AP Initial UE message procedure to forward the NAS message and establish the S1 connection. The eNB may indicate in this procedure that this connection is triggered for EDT.
3.
The MME requests the S-GW to re-activate the EPS bearers for the UE.

4.
The MME sends the uplink data to the S-GW.
5.
If downlink data are available, the S-GW sends the downlink data to the MME.
6.
If downlink data are received from the S-GW, the MME forwards the data to the eNB via DL NAS Transport procedure and may also indicate whether further data are expected. Otherwise, the MME may trigger Connection Establishment Indication procedure and also indicate whether further data are expected.  

7.
If no further data are expected, the eNB can send the RRCEarlyDataComplete message on CCCH to keep the UE in RRC_IDLE. If downlink data were received in step 6, they are concatenated in RRCEarlyDataComplete message.

8. 
The S1 connection is released and the EPS bearers are deactivated.

NOTE: 
If the MME or the eNB decides to move the UE in RRC_CONNECTED mode, RRCConnectionSetup message is sent in step 7 to fall back to the legacy RRC Connection establishment procedure.
NOTE:
If the eNB decides to fall back to legacy RRC Connection establishment procedure, the eNB will discard the zero-length NAS PDU received in msg5.
7.3x.3
EDT for User Plane CIoT EPS optimizations
EDT for User Plane CIoT EPS optimizations, as defined in TS 24.301 [20], is characterized as below:
-
Uplink user data are transmitted on DTCH multiplexed with UL RRCConnectionResumeRequest message on CCCH; 

-
Downlink user data are optionally transmitted on DTCH multiplexed with DL RRCConnectionRelease message on DCCH; 

-
The user data in uplink and downlink are ciphered. The keys are derived using the NextHopChainingCount provided in the RRCConnectionRelease message of the previous RRC connection;

-
There is no transition to RRC CONNECTED (FFS).

The EDT procedure for User Plane CIoT EPS optimizations is illustrated in Figure 7.3x-2. 

[image: image3.emf]UE eNB MME S-GW

Random Access Preamble

Random Access Response

1. RRCConnectionResumeRequest

(resumeID, resumeCause, shortResumeMAC-I)

+ Uplink data

7. RRCConnecionRelease

(releaseCause), resumeID, NCC)

+ Downlink data

2. S1-AP: UE Context Resume Request

 3. Modify Bearer

8. Modify Bearer

8. S1 Suspend procedure

4. S1-AP: UE Context Resume Response

5. Uplink data

6. Downlink data


Figure 7.3x-2: EDT for User Plane CIoT EPS Optimizations

0.
Upon connection resumption request for Mobile Originated data from the upper layers, the UE initiates the early data transmission procedure and selects a random access preamble configured for EDT.
1.
The UE sends an RRCConnectionResumeRequest to the eNB, including its Resume ID, the establishment cause, and an authentication token. The UE resumes all SRBs and DRBs, derives new security keys using the NCC provided in the RRCConnectionRelease message of the previous connection and re-establishes the AS security. The user data are ciphered and transmitted on DTCH multiplexed with the RRCConnectionResumeRequest message on CCCH.

2.
The eNB initiates the S1-AP Context Resume procedure to resume the S1 connection and re-activate the S1-U bearers.

3.
The MME requests the S-GW to re-activate the S1-U bearers for the UE.

4.
The MME confirms the UE context resumption to the eNB.

5.
 The uplink data are delivered to the S-GW.
6.
If downlink data are available, the S-GW sends the downlink data to the eNB.
7.
If no further data are expected from the S-GW, the eNB can send the RRCConnectionRelease message to keep (FFS transit) the UE in RRC_IDLE. The message includes the releaseCause set to rrc-Suspend, the resumeID and the NextHopChainingCount which are stored by the UE. If downlink data were received in step 6, they are sent ciphered on DTCH multiplexed with the RRCConnectionRelease message on DCCH.

8. 
The S1 connection is suspended and the S1-U bearers are deactivated.

NOTE: 
If the MME or eNB decides the UE to move (FFS keep) in RRC_CONNECTED mode, RRCConnectionResume message is sent in step 7 to fall back to the legacy RRC Connection resume procedure.
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