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Abstract of the contribution: Proposes solutions to the issues for connected mode eDRX. 
1.
Introduction
In SA2#107, the following issues for connected mode DRX were included into TR 23.770:
Issue 2:
-
Handling NAS retransmissions timers for DRX values longer than the currently specified values.

Issue 3:
-
Handling of MT SMS and MT location services, e.g. avoiding retransmissions for long DRX cycles.
For issue 2, currently NAS retransmission timers are normally between 8 and 10 seconds. For long values of extended C-DRX, with the current NAS procedures the NAS retransmissions timers would expire, potentially multiple times, even causing the network originated procedure to fail if the NAS retransmission timer expires 5 times (e.g. for long extended C-DRX cycle values of 50 seconds or more). Issue does not exist in idle mode, as the MME first pages the device, and once the UE is in ECM connected mode, the MME starts the NAS procedure.
For Issue 3, there is a similar issue for extended I-DRX as captured in Subclause 4.1 Issue 3. The issue is solved for extended I-DRX in subclause 5.3 by indicating to the SMS infrastructure that the UE is unreachable when the UE is in idle mode, and indicating that the UE is reachable to HSS when the UE responds to paging. 

This solution proposes to follow in extended C-DRX a similar behaviour as for idle mode case to solve the issue NAS retransmissions and MT SMS retransmissions.

When the eNB indicates to the MME that a UE is in long extended C-DRX, the MME enters a substate of ECM connected mode "Temporarily Unavailable". This state is analogous to idle mode, with the difference that an S1-AP interface to an eNB is established. The MME behaviour in connected mode "Temporarily Unavailable" and an analogy to the MME behaviour in idle mode with extended I-DRX is shown in the following Table:   
	MME state
	Idle mode with extended I-DRX
	Connected mode with substate “temporatily unavailable analogous behaviour”

	1) Need for NW initiated NAS procedure, then…
	Delay start of NAS procedure, request eNBs to perform paging
	Delay start of NAS procedure, request eNB to disable extended C-DRX

	2) When does NAS procedure, and its NAS retransmission timer start?
	When UE moves to connected mode.
This occurs after successful service request/TAU, and UE moves from idle to connected
	When UE moves to connected mode.
This occurs when eNB indicates that extended C-DRX has been disabled, and state moves from connected temporarily unavailable to normal connected mode.

	3) When MT SMS is received, then..
	Indicate UE unreachable to SMS infrastructure, request eNBs to perform paging
	Indicate UE unreachable to SMS infrastructure, request eNB to disable extended C-DRX

	4) When MME indicates to HSS that UE has changed status to reachable
	When UE moves to connected mode.

This occurs after successful service request/TAU, and UE moves from idle to connected
	When UE moves to connected mode.

This occurs when eNB indicates that extended C-DRX has been disabled, and state moves from connected temporarily unavailable to normal connected mode.


The benefits of this approach are:
1. It keeps the MME state machine clean, as the MME behaviour in normal ECM connected mode is completely unchanged.

2. For instance, there is no need to redefine or extend the NAS retransmission timers for NAS procedures.

3. There is no change in MME behaviour regarding MT SMS in normal connected mode.

4. Handling of MT SMS is only different when the  state is connected mode “temporarily unavailable”
This discussion paper covers solutions for the issues 2 and 3 as per described above.
2.
Proposal
The following text is proposed to be included in TR 23.770:
First Change

6.2
Solutions to Connected Mode DRX Open Issue #2: Handling NAS retransmissions timers for DRX values longer than the currently specified values

Editor’s Note: This clause will contain solutions to Open issue #2 for Connected Mode DRX cycle extension from Core Network perspective as described in Subclause 4.2.
6.2.y
Solution #y: New ECM Connected substate while the UE is in long extended C-DRX
6.2.y.1
Description

Editor's Note: Describe the solutions. Sub-clause(s) may be added to capture details, procedural flow etc. 

Currently NAS retransmission timers are normally between 8 and 10 seconds. For long values of extended C-DRX, with the current NAS procedures the NAS retransmissions timers would expire, potentially multiple times, even causing the network originated procedure to fail if the NAS retransmission timer expires 5 times (e.g. for long eC-DRX cycle values of 50 seconds or more).
This issue does not exist in idle mode, as the MME first pages the device, and once the UE is in ECM connected mode, the MME starts the NAS procedure.

This solution proposes to follow a similar behaviour as for idle mode case, i.e., when the eNB indicates to the MME that a UE is in long extended C-DRX, the MME enters a substate of ECM connected mode "Temporarily Unavailable". 

When a network initiates a NAS procedure, the MME behaves as shown in Figure 6.2.y.1-1.
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Figure 6.1.y.1-1: NW originated NAS procedure when UE is in long eC-DRX
0-2: The eNB indicates that extended C-DRX has been configured in the UE, using steps as in 6.1.y.1.
3.
If the extended C-DRX cycle is long, the MME enters state ECM Connected-Temporarily Unavailable substate.

4.
When the NW originates a control plane procedure, the MME does not start the corresponding NAS procedure, and does not start the NAS retransmission timer for that procedure.
NOTE:
This solution needs to be used together with a solution for GTP-C retransmission as covered in 6.4.y.
5.
The MME sends a new S1-AP message "Leave Extended C-DRX" to the eNB.

6. 
The eNB  requests the UE to  temporarily leave extended C-DRX mode.
NOTE: How the eNB requests this is dependent RAN WGs work. One possibility is that this is performed via MAC signalling. 
7. 
The eNB confirms that the UE has left extended C-DRX.

8. 
The MME enters normal ECM Connected state and starts the NAS procedure. 
The MME needs to enter ECM Connected "Temporarily Unavailable" substate after the procedure is completed. There are some alternatives to do that:

-
The MME enters ECM Connected "Temporarily Unavailable" immediately after the NAS procedure is completed.
-
The eNB provides in the "Leave Extended C-DRX ACK" message the time the UE will remain not in extended C-DRX after the procedure is completed. When the NAS procedure is completed, the MME starts a timer with the value given by the eNB, and when it expires the MME enters ECM Connected "Temporarily Unavailable".
With this approach, there is no need to modify the currently standardized NAS retransmission timers.
6.2.y.2
Impacts on existing nodes and functionality
Editor's Note: Capture impacts on existing 3GPP nodes and Functional elements (e.g. UE, MME, eNB, S-GW, P-GW etc.).

In the eNB:
-
Support of S1-AP message from MME to eNB to request that UE leaves extended C-DRX and corresponding eNB behaviour.

In the MME:

-
Support of new NAS state ECM Connected-Temporarily Unavailable.

- 
Support of S1-AP message from MME to eNB to request that UE leaves extended C-DRX.
Editor’s note: Interactions with other procedures when the UE is in connected mode are FFS.
6.2.y.3
Solution Evaluation

Editor's Note: Use this section for evaluation at solution level. Evaluation at key issue level is done in a separate clause.

Third Change

6.3
Solutions to Connected Mode DRX Open Issue #3: Handling of MT SMS and MT location services, e.g. avoiding retransmissions for long DRX cycles
Editor’s Note: This clause will contain solutions to Open issue #3 for Connected Mode DRX cycle extension from Core Network perspective as described in Subclause 4.2.
6.3.y
Solution #y:  MME temporarily declares UE unreachable if MT SMS received.
6.3.y.1
Description

Editor's Note: Describe the solutions. Sub-clause(s) may be added to capture details, procedural flow etc. 

For MT SMS, if the MME knows the UE is in long eC-DRX, i.e. by being in state ECM Connected – Temporarily unavailable as defined in section 6.2.y, the MME may decide to indicate towards the SMS Infrastructure that the UE is unreachable.

Subsequently the MME proceeds with sending an S1-AP message message "Leave Extended C-DRX Request" to the eNB.
When the eNB receives the message "Leave Extended C-DRX ACK", it follows the behaviour defined in 6.2.y, i.e. it requests the UE to temporarily leave the extended C-DRX mode. When the MME receives the confirmation from eNB, the MME moves to normal ECM Connected state and sends UE-Activity-Notification to HSS indicating that the UE is reachable.
The HSS will then indicate to SMS infrastructure that UE is reachable.
6.3.y.2
Impacts on existing nodes and functionality
Editor's Note: Capture impacts on existing 3GPP nodes and Functional elements (e.g. UE, MME, eNB, S-GW, P-GW etc.).

In MME:
- Support declaring UE unreachable to SMS Infrastructure when UE is configured for long eC-DRX.
In eNB:

- Same impact as 6.2.y, no additional impact due to 6.3.y.1.
6.3.y.3
Solution Evaluation

Editor's Note: Use this section for evaluation at solution level. Evaluation at key issue level is done in a separate clause.
End Changes
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