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1. Introduction
This contribution updates a solution for GTP-C re-transmissions and provides an evaluation of the two available solutions.

---------------------------------------- START OF CHANGES ------------------------------------

4.2
Issues for Connected Mode DRX

Editor’s Note: This clause will list open issues for Connected Mode DRX cycle extension from Core Network perspective.

 Issue 1: 

-
How SGSN/MME authorizes the use of extended C-DRX and how the SGSN/MME is aware of GERAN/RAN enabling extended C-DRX, particularly for long DRX values.

NOTE 1: 
This is strictly not an issue by itself, but it is assumed to be needed as a starting point for the other issues listed in this section.
Issue 2:
-
Handling NAS retransmissions timers for DRX values longer than the currently specified values.
NOTE 2:
A solution is only required in case C-DRX values are extended beyond NAS re-transmission values.
Issue 3:
-
Handling of MT SMS and MT location services, e.g. avoiding retransmissions for long DRX cycles.
NOTE 3:
A solution is only required in case C-DRX values are extended beyond LCS and SMS re-transmission values.
Issue 4:
-
Impact in S/P-GW retransmissions when handling Network originated control plane procedure.
NOTE 4:
A solution is only required in case C-DRX values are extended beyond re-transmission values used in S/P-GW.

---------------------------------------- NEXT CHANGE ------------------------------------

5.4.1
Solution 1: Cause code dependent solution for GTP-C re-transmissions 
5.4.1.1
Description

The following flow shows a PGW (PCRF) initiated dedicated bearer activation procedure for a UE in idle mode. Similar flow would apply for UTRAN/GERAN.
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Figure 5.4.1.1-1: Dedicated Bearer Activation towards UE with long DRX in idle mode

1-5. Following current procedures with the following additions:

1-2.
PCRF provides an indication that the session is delay tolerant

3-4.
PGW and SGW indicates that the session is delay tolerant
6a.
The MME may apply a timeout for the MT Service Request procedure taking into account the GTP re-transmission timer and the eDRX value
6b.
If UE doesn’t reply before timeout, then the MME sends a Create Bearer Response with a new reject cause indicating the procedure is temporary failed due to eDRX.

6c.
The SGW forwards the Create Bearer Response.

7. The PGW uses the reject cause and indication earlier received from PCRF to decide whether to contact PCRF (to indicate that the procedure failed) or wait.

8-9. Dependent on step 7, e.g. it may indicate that procedure failed.

10.
UE replies to paging according to normal procedure, or the UE initiates a Service Request for Mobile Originating service.
11.
If the PGW/SGW previously indicated that the session is delay tolerant, the MME Creates a Modify Bearer Request adding an indication that the UE is now available.

12.
The SGW forwards the Modify Bearer Request based on the new flag.
13-20. The PGW receives the Modify Bearer Request and dependent on step 7 the PGW re-sends the Create Bearer Request (step 15-19) or the PGW informs the PCRF that the UE is now available (step 13) and the PCRF re-initiates the procedure (step 14-20). Either the PCRF is in control of re-sending the request (e.g. implied by the indication that the session is delay tolerant in step 1), or the PGW is in control of re-sending the request.
So when UE is in idle with an extended DRX value and the MME receives Create Bearer Request/Update Bearer Request as part of Dedicated bearer activation procedure and bearer modification procedure, the MME reject the request after a timeout (taking into account the GTP re-transmission timer and the eDRX value) with a cause cause indicating the procedure is temporary failed due to eDRX is enabled and PDN-GW should wait to re-try the same procedure until the PDN-GW or GGSN receives another indication (in the step 11) from the MME indicating it is time to re-try the same procedure which failed previously. When receiving a reject the PGW uses the reject cause and optionally an indication on Gx to decide whether to re-attempt the procedure or whether to regard the procedure as failed.
5.4.1.2
Impacts on existing nodes and functionality
Impacts on SGSN/MME/PGW/SGW:

-
Support GTP-protocol extensions i.e. new reject cause, and to create a new flag in the Modify Bearer Request over S11/S4/S5/S8/Gn/Gp indicating to the PGW/GGSN that the UE is available for the pending change which was rejected previously.

Impacts on PGW/PCRF:

-
Optionally support Gx protocol extensions i.e. new capability and indication.
Impacts on UE:

-
None.
Impacts on E-UTRAN/UTRAN:

-
None.
Impacts on GERAN:

-
None
5.4.1.3
Solution Evaluation

The solution enables the possibility of PGW originated procedures when the UE uses eDRX in idle mode with the impacts as outlined above with the following considerations:

-
It does not increase signalling if the eDRX value is changed, i.e. signalling is increased only in case there is a PGW originated procedure which the UE does not reply to within an optionally applied time in the MME/SGSN;

-
It avoids changing the GTP-C re-transmission timers (T3-RESPONSE & N3-REQUESTS) and avoids making them per UE dependent.

---------------------------------------- NEXT CHANGE ------------------------------------

6.4.1
Solution 1: Cause code dependent solution for GTP-C re-transmissions
6.4.1.1
Description

The following flow shows a PGW (PCRF) initiated dedicated bearer activation procedure for a UE in connected mode. Similar flow would apply for UTRAN.
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Figure 6.4.1.1-1: Dedicated Bearer Activation towards UE with long DRX in connected mode

1-5. Following current procedures with the following additions:

1-2.
PCRF provides an indication that the session is delay tolerant

3-4.
PGW and SGW indicates that the session is delay tolerant
5.

MME may issue another message towards the UE than the one received from the PGW/SGW e.g. an Identity Request.
6a.
The MME may apply a timeout taking into account the GTP re-transmission timer and the maximum eDRX value in connected mode.

NOTE: 
It is assumed that the agreed solution for issue 1 “How SGSN/MME is aware of GERAN/RAN enabling extended C-DRX, particularly for long DRX values” makes MME/SGSN aware of the maximum extended C-DRX value possibly applied by the RAN.
6b. If the UE doesn’t reply before timeout, then the MME sends a Create Bearer Response with a new reject cause indicating the procedure is temporary failed due to eDRX.

6c. The SGW forwards the Create Bearer Response.

7. The PGW uses the reject cause and indication earlier received from PCRF to decide whether to contact PCRF (to indicate that the procedure failed) or wait.

8-9. Dependent on step 7 e.g. it may indicate that procedure failed.

10.
UE replies to Session Management request, or to e.g. the Identity Request if that was used by the MME, according to normal procedure or the UE initiates a Mobile Originating NAS procedure.
11.
If the PGW/SGW previously indicated that the session is delay tolerant, the MME Creates a Modify Bearer Request adding an indication that the UE is now available

12. The SGW forwards the Modify Bearer Request based on the new flag.

13-20. The PGW receives the Modify Bearer Request and dependent on step 7 the PGW re-sends the Create Bearer Request (step 15-19) or the PGW informs the PCRF that the UE is now available (step 13) and the PCRF re-initiates the procedure (step 14-20). Either the PCRF is in control of re-sending the request (e.g. implied by the indication that the session is delay tolerant in step 1), or the PGW is in control of re-sending the request.
So when UE is in connected mode with an extended DRX value and the MME receives Create Bearer Request/Update Bearer Request as part of Dedicated bearer activation procedure and bearer modification procedure, the MME reject the request after a timeout (taking into account the GTP re-transmission timer and the eDRX value) with a cause code indicating the procedure is temporary failed due to eDRX is enabled and PDN-GW should wait to re-try the same procedure until the PDN-GW or GGSN receives another indication (in the step 11) from the MME indicating it is time to re-try the same procedure which was failed previously. When receiving a reject the PGW uses the reject cause and optionally an indication on Gx to decide whether to re-attempt the procedure or whether to regard the procedure as failed.
6.4.1.2
Impacts on existing nodes and functionality
UE:
None

Impacts on SGSN/MME/PGW/SGW:

-
Support GTP-protocol extensions i.e. new reject cause, and to create a new flag in the Modify Bearer Request over S11/S4/S5/S8/Gn/Gp indicating to the PGW/GGSN that the UE is available for the pending change which was rejected previously.

Impacts on PGW/PCRF:

-
Optionally support Gx protocol extensions i.e. new capability and indication.
eNB/RNC:
None.

6.4.1.3
Solution Evaluation

Editor's Note: Use this section for evaluation at solution level. Evaluation at key issue level is done in a separate clause.
The solution enables the possibility of PGW originated procedures when the UE uses eDRX in connected mode with the impacts as outlined above with the following considerations:

-
It relies upon a solution for issue 1 “How SGSN/MME is aware of GERAN/RAN enabling extended C-DRX, particularly for long DRX values” makes MME/SGSN aware of the maximum extended C-DRX value possibly applied by the RAN.
-
It does not increase signalling if the eDRX value is changed, i.e. signalling is increased only in case there is a PGW originated procedure which the UE does not reply to within an optionally applied time in the MME/SGSN;

-
It avoids changing the GTP-C re-transmission timers (T3-RESPONSE & N3-REQUESTS) and avoids making them per UE dependent.

---------------------------------------- NEXT CHANGE ------------------------------------

7.1
Overall Evaluation for Idle Mode DRX
Evaluation of solutions for issue 4:
	Aspect
	Solution 1: Cause code dependent solution
	Solution 2: Adjust GTP-C re-transmission timer according to eDRX
	Comments:

	Impacted entities
	SGSN/MME/PGW/SGW
Optionally PCRF
	SGSN/MME/PGW/SGW


	Unclear how PCC works with solution 2

	Type of impacts
	New indication.

MME/SGSN may trigger Modification procedure in case of delay tolerant sessions
	Transfer of eDRX values

Nodes need to retain separate re-transmission timers per session
	

	Signalling
	Additional signalling for a PGW/PCRF initiated session that is delay tolerant and the UE does not reply within an optionally applied timeout in the MME/SGSN
	Additional signalling if there is a change in eDRX value
	

	Capacity
	Minor impact for the option when not indicating that the session is delay tolerant.
Impacting GW memory capacity for the option indicating that session is delay tolerant due to state is kept that PGW initiated procedure is to be re-sent (but no GTP-C transaction open).
	Impacting GW capacity due to GTP-C transactions are prolonged
	


7.2
Overall Evaluation for Connected Mode DRX
For evaluation of solutions for issue 4, see evaluation of issue 4 for Idle Mode DRX in chapter 7.1.
---------------------------------------- END OF CHANGES ------------------------------------
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