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1. Abstract
In Rel-15, RAN2 specified a solution for early data transmission (EDT) for Control Plane CIoT EPS Optimizations. This paper identifies issues when EDT for Control Plane CIoT EPS Optimizations is executed and proposes a way forward.

2. Discussion
2.1 EDT for Control Plane CIoT EPS Optimizations
Stage-2 flow for EDT for Control Plane CIoT EPS Optimizations when eNodeB decides NOT to have RRC connection is shown in Figure 7.3b-1 of TS 36.300.
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Figure 7.3b-1 of TS 36.300: EDT for Control Plane CIoT EPS Optimizations

When EDT for Control Plane CIoT EPS Optimizations is executed and eNodeB decides NOT to have RRC connection, MME moves to ECM-CONNECTED state (and thus also EMM-CONNECTED mode) since 23.401 states:

------------

The UE and the MME shall enter the ECM-CONNECTED state when the signalling connection is established between the UE and the MME. Initial NAS messages that initiate a transition from ECM-IDLE to ECM-CONNECTED state are Attach Request, Tracking Area Update Request, Service Request or Detach Request.

------------

and since message 2 of figure 7.3b-1 of TS 36.300 is sent by a UE in EMM-IDLE and carries an NAS message carrying uplink user data - i.e. CONTROL PLANE SERVICE REQUEST carrying ESM DATA TRANSPORT message with uplink user data. The MME moves back to ECM-IDLE state (and thus also EMM-IDLE mode) when the S1 connection is released in step 8.
However, when EDT for Control Plane CIoT EPS Optimizations is executed and eNodeB decides NOT to have RRC connection, since RRC specification does not state that the UE enters RRC_CONNECTED state (and thus RRC specification does not state that the RRC connection has been established), the UE does not reach EMM-CONNECTED mode since 24.301 states:
------------

In S1 mode, when the RRC connection has been established successfully, the UE shall enter EMM-CONNECTED mode and consider the NAS signalling connection established.

------------

Observation-1:
when EDT for Control Plane CIoT EPS Optimizations is executed and eNodeB decides NOT to have RRC connection, the MME moves from EMM-IDLE mode to EMM-CONNECTED mode and back to EMM_IDLE mode while the UE stays in EMM-IDLE mode without moving to EMM-CONNECTED mode.

2.2 Issues caused by EMM state mismatch

2.2.1 Mobile reachable timer and timer T3412 mismatch

In scenario in section 2.1, since MME moves from EMM-IDLE mode to EMM-CONNECTED mode and back, the MME stops, resets and restarts the Mobile reachable timer. 

Since the Mobile reachable timer supervises the periodic tracking area updating procedure of the UE, the UE could also stop, reset and restart timer T3412, to avoid triggering the periodic tracking area updating procedure too early and thus to save battery power.
However, in scenario in section 2.1, since the UE does not reach EMM-CONNECTED mode, the UE does not stop, does not reset and does not restart T3412. 
Observation-2:
when EDT is executed and eNodeB decides not to have RRC connection, the MME stops, resets and restarts the Mobile reachable timer.

Observation-3:
when EDT is executed and eNodeB decides not to have RRC connection, the UE does NOT stop, does NOT reset and does NOT restart the T3412.

Conclusion-1:
when EDT is executed and eNodeB decides not to have RRC connection, the UE triggers periodic tracking area updating procedure unnecessarily too early and this wastes UE battery power.

Proposal-1:
When the AS layer successfully completes early data transmission and eNodeB decided not to have RRC connection, the AS layer of the UE indicates to the NAS layer of the UE that the UE successfully completes early data transmission,  and the NAS layer of the UE stops, resets and restarts timer T3412.
2.2.2 Active timer and timer T3324 mismatch

In scenario in section 2.1, if PSM is used, since MME moves from EMM-IDLE mode to EMM-CONNECTED mode and back, the MME stops, resets and starts the Active timer as 24.301 states:
----------

The active timer shall be reset and started with the value as indicated above, when the MME releases the NAS signalling connection for the UE. The active timer shall be stopped when an NAS signalling connection is established for the UE.

----------

Since the Active timer of MME is aligned with the timer T3324 of UE, the UE should also stop, reset and start the timer T3324 and should move to PSM after expiration of timer T3324. This would enable the MME to reach the UE within the active time and would enable the UE to save batter power afterwards. However, since the UE stays in EMM-IDLE mode when EDT is executed and eNodeB decided not to have RRC connection, and since 24.008 states:

----------

In S1 mode, timer T3324 is reset and started with its initial value, when the MS changes from EMM-CONNECTED mode to EMM-IDLE mode. Timer T3324 is stopped when the MS enters EMM-CONNECTED mode or EMM-DEREGISTERED state.

----------
the UE currently does not stop, reset and does not start the T3324. As result:

-
if timer T3324 was running before EDT was initiated, the UE moves to PSM too early. This does not enable MME to contact the UE in the entire active time; or

-
if the UE was in PSM before EDT was initiated, the UE does not move to PSM at all. This wastes UE battery power.
Observation-4:
when PSM is used and EDT is executed and eNodeB decides not to have RRC connection, the MME stops, resets and restarts the Active timer.

Observation-5:
when PSM is used and EDT is executed and eNodeB decides not to have  RRC connection, the UE does NOT stop, does NOT reset and does NOT restart the T3324.

Conclusion-2:
when PSM is used and EDT is executed and eNodeB decides not to have RRC connection, either the UE moves to PSM too early which does not enable MME to contact the UE (if timer T3324 was running before EDT was initiated) or the UE does not move to PSM at all which wastes UE battery power (if the UE was in PSM before EDT was initiated).

Proposal-2:
When the AS layer successfully completes early data transmission and eNodeB decided not to have RRC connection, the AS layer of the UE indicates to the NAS layer of the UE that the UE successfully completes early data transmission and if PSM is used, the NAS layer of the UE stops, resets and restarts timer T3324.
3. Conclusions

Observation-1:
when EDT for Control Plane CIoT EPS Optimizations is executed and eNodeB decides NOT to have RRC connection, the MME moves from EMM-IDLE mode to EMM-CONNECTED mode and back to EMM_IDLE mode while the UE stays in EMM-IDLE mode without moving to EMM-CONNECTED mode.

Observation-2:
when EDT is executed and eNodeB decides not to have RRC connection, the MME stops, resets and restarts the Mobile reachable timer.

Observation-3:
when EDT is executed and eNodeB decides not to have RRC connection, the UE does NOT stop, does NOT reset and does NOT restart the T3412.

Conclusion-1:
when EDT is executed and eNodeB decides not to have RRC connection, the UE triggers periodic tracking area updating procedure unnecessarily too early and this wastes UE battery power.

Proposal-1:
When the AS layer successfully completes early data transmission and eNodeB decided not to have RRC connection, the AS layer of the UE indicates to the NAS layer of the UE that the UE successfully completes early data transmission,  and the NAS layer of the UE stops, resets and restarts timer T3412.

Observation-4:
when PSM is used and EDT is executed and eNodeB decides not to have RRC connection, the MME stops, resets and restarts the Active timer.

Observation-5:
when PSM is used and EDT is executed and eNodeB decides not to have  RRC connection, the UE does NOT stop, does NOT reset and does NOT restart the T3324.

Conclusion-2:
when PSM is used and EDT is executed and eNodeB decides not to have RRC connection, either the UE moves to PSM too early which does not enable MME to contact the UE (if timer T3324 was running before EDT was initiated) or the UE does not move to PSM at all which wastes UE battery power (if the UE was in PSM before EDT was initiated).

Proposal-2:
When the AS layer successfully completes early data transmission and eNodeB decided not to have RRC connection, the AS layer of the UE indicates to the NAS layer of the UE that the UE successfully completes early data transmission and if PSM is used, the NAS layer of the UE stops, resets and restarts timer T3324.
4. Proposal

It is proposed to discuss the issues listed in section 2.

It is proposed to send an LS to RAN2 asking RAN2 to specify that when the AS layer successfully completes early data transmission and eNodeB decided not to have RRC connection, the AS layer of the UE indicates to the NAS layer of the UE that the UE successfully completes early data transmission.

Annex A - 36.300 excerpts related to EDT for Control Plane CIoT EPS optimizations
7.3b.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 concatenated 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 7.3b-1.
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Figure 7.3b-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; the eNB will discard the zero-length NAS PDU received in msg5.

