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Abstract of the contribution: This paper proposes some resolution to re-transmission timer aspects on higher layers when using long DRX cycles in idle mode and describes SGW logic handling MT IP data.
Discussion
The following editor’s note is still not resolved:
Editor’s Note: It is FFS which maximum/reasonable DRX value that should be possible to select, e.g. aspects like re-transmission timers on higher layers needs to be considered.
It is though expected that from a UE power optimization perspective the timer would preferably be selected to a larger value than re-transmission timers on e.g. NAS and higher layers such as TCP and application specific timers.
Feedback is expected from RAN/GERAN, but meanwhile some conclusions can be made from a CN perspective.

For NAS, the network initiated SM and MM messages are shown in the annex of this paper. A. It seems like all messages except the paging procedure would normally be initiated after UE been sending some message in the UL. It is reasonable to assume that for all normal scenarios the network initiated NAS message would be sent while the UE is in connected mode and there is no need to adapt any re-transmission timer for NAS messages except for the paging which is already mentioned.

For transport protocols like TCP a long delay will cause re-transmissions, i.e. for UEs which are given a long delay for the initial DL transmission it should be recommended to make use of IP/UDP with an adapted application.
To avoid SMS layer to perform re-transmissions the CN sets the unreachable flag and the next time the UE becomes available a normal DRX cycle value is given to allow the MT SMS to reach the UE without re-transmissions at SMS layer.
Proposal

It is proposed to change 23.887 as follows:
Start of changes
7.1.3.1
Solution : Extended DRX in idle mode
7.1.3.1.1
General

The solution described in this clause addresses the Key issue "UE Power Consumption Optimizations".
The characteristics of the solution is that the Maximum DRX cycles in idle mode are possibly extended with longer values allowing the UE to save battery as waking up and listening for a potential paging message is one major power consuming functionality. When this solution is used, paging transmission period is also adjusted based on the extended DRX cycle applied to the UE.

Extended DRX cycles are enabled in UTRAN/E-UTRAN by providing the parameters for extended DRX in NAS. The current DRX parameters from UE to network in TS 24.008 10.5.5.6 are extended in a backward compatible way to ensure that normal UE(s), i.e. UEs not requiring low power consumption, are not impacted. For enabling the extended DRX cycle in UTRAN/E-UTRAN, UE and network should exchange their support for the extended DRX (either by an explicit capability indication or implicitly when requesting the extended DRX cycle value). In this procedure, the availability of extended DRX for the UE should be decided in consideration of the UE's capability, the network condition (e.g., ISR activation), as well as the support of extended DRX of the RAN nodes within an area served by the core network node (e.g., TAs or MME pool area). This is because the UE can travel through several RAN nodes without performing location update, even when some part of RAN nodes do not support the extended DRX (e.g., legacy E-UTRAN nodes in TA or legacy UTRAN nodes in the ISR activated case). The support of extended DRX of the RAN nodes could be informed to the MME by using S1/Iu signalling, OA&M method, or manual configuration. If supported, the UE can request the configuration use of the extended DRX cycle at any time, by using a NAS procedure.
NOTE 1:
If the DRX cycles are to be extended longer than the System Frame Number currently allows then 3GPP RAN WGs would need to look into extensions of the time allowed by the SFN.

For E-UTRAN, the MME needs to indicate eNB to adopt the UE specific DRX value in the paging message rather than the shortest one of the UE specific DRX value and a default DRX value broadcast in system information. After UE reports the extended DRX value in the NAS, the UE also ignores the default value broadcasted in the system information and adopt the reported one.

In GERAN longer paging transmission periods are enabled by in extending the parameter "BS-PA-MFRMS" (see 3GPP TS 44.018 chapter 10.5.2.11). The extension could be done e.g. by multiplying the BS-PA-MFRMS parameter with a given value used as a paging multiplier factor. This factor should then be communicated between UE and CN and then from CN to GERAN e.g. by adding the multiplier factor to the paging message.
Paging timers and paging repetition in MSC/SGSN/MME are accommodated to cater for the extended DRX cycle.

In addition, network could notify that the UE should alternate the extended DRX cycle (value specified in the NAS parameter for extended DRX) with one or several normal DRX cycle(s) (value of the DRX parameter multiplied by "1"). Such notification could be sent to the UE in a NAS message e.g. the Attach Accept / TAU Accept.

NOTE 2:
The need for alternating the DRX cycle would depend on 3GPP RAN WGs analysis of how to limit the risk of UE missing a paging due to the DRX cycle been extended to a long value.

Paging re-transmission timers in the MSC/SGSN/MME should be adapted to fit in the needs of the extended DRX cycle and normal DRX cycle.

The used DRX value needs to be known by the UE, RAN and MME/SGSN.

NOTE 3:
3GPP RAN WGs need to evaluate how the UE wakes up from extended DRX cycle and ensure that paging loss is minimized.

Considering that the CN may be impacted it is reasonable that CN should be able to override UE provided DRX values that are longer then currently supported values.

NOTE 4:
The decision for UE initiating low power consumption mode may be based on the UE configuration by the network or UE implementation.

Without adjusting the re-transmission timers on higher layers, longer DRX cycle maximum up to several minutes may impact the reachability of the UE that would bring unnecessary overhead to the network, e.g., paging and GTP message retransmission, abnormal case handling without the feedback response in the expected time duration.
Editor's note:
It is FFS which maximum/reasonable DRX value that should be possible to select.
When a long DRX cycle is used, then re-transmission on higher layers needs to be considered and minimized. Normally network initiated NAS messages are sent while UE is in connected mode and therefore there is for the far most cases no need to adapt any NAS re-transmission timers in the CN (except for paging repetition). However, in case there is a need to page the UE to initiate a NAS procedure e.g. GUTI or P-TMSI Reallocation procedure then the NAS retransmission timers for network initiated (E)MM procedures and (E)SM procedures are adjusted based on DRX value for values larger than the currently defined value in TS 24.008/24.301. 

The adjustment should be performed for each NAS retransmission timer value as:

- If DRX value is larger than the default value, then the NAS retransmission timer value is adjusted to the DRX value.
NOTE: Which re-transmission value to use would be a stage 3 decision.
For GTP-C messages initiated by the PGW, if the procedure requires the MME to page the UE, the MME may request one eNB to return the time for the next paging occurrence if paging is delayed. If the MME receives a time for next paging occurrence, the MME may use it to decide whether to reject the GTP-C message towards the PGW indicating that the UE is not reachable. As an alternative, if long DRX cycle is applied for the UE, the MME may immediately reject the GTP-C message indicating the UE is not reachable. The PGW action would then be dependent on the procedure initiated, but it would be same action as currently done after it has been determined that the UE is not reachable.
NOTE Y: RAN need to evaluate whether it is possible to support the function for having the MME to request for the next paging occurrence as it would require some time synchronization of cells.
To be able to handle DL UP data, it is also recommended to make use of an adapted application which is able to handle high latency communication and to use IP/UDP instead of TCP. 

For MT SMS, if the MME has adapted to a longer paging re-transmission for the UE (due to long DRX cycle applied) the MME may request the eNB to return the time for the next paging occurrence if paging is delayed. If the MME receives a time for next paging occurrence, the MME may use it to decide whether to indicate towards the SMSC that the UE is unreachable and set the URRP flag (this will avoid any need to adapt re-transmission timers towards SMSC). The UE would then be reachable when it next time invokes some activity e.g. initiates MO data or performs a periodic TA update (i.e. the UE activity interval may then set the latency requirement for MT communication). In addition, to avoid CP-layer re-transmissions of CP-DATA, the RAN could keep UEs configured for using long DRX in idle mode in RRC connected mode long enough to allow a network stored MT SMS to be received by the UE. As an optimization, when the URRP flag is set the MME could provide an indication to the eNB (via S1) that the eNB should keep the UE long enough in RRC connected mode to allow a network stored MT SMS to be received by the UE.
7.1.3.1.2
Impacts on existing nodes and functionality

Impacts on SGSN/MME/MSC:
-
Support NAS-protocol extensions to enable extended DRX cycles. Support for coding of parameters for the extended DRX and sending it in a dedicated NAS message to the UE.
-
Paging re-transmission timer in the MSC/SGSN/MME should be adapted to fit in the needs of the extended DRX cycle and normal DRX cycle.

-
Support notifying the UE that it should alternate the extended DRX cycle with 1 or more normal DRX cycles.

-
The SGW buffer size is not proposed to be impacted, i.e. additional DL packets beyond the buffer size would be dropped. Though, it should not be any problem as it is not expected that large number of DL packets would be received without any UL packets sent from the UE as long as the DRX value is set to a value which limits any re-transmissions from higher layers. In addition, the SGW keep a DL packet until the user plane bearer has been established or until the MME has replied to the Downlink Data Notification message with a Downlink Data Notification Reject.

-
For MT SMS, when the URRP flag is set the CN potentially provides an indication to the RAN that the RAN should keep the UE slightly longer in RRC connected mode.
Impacts on UE:

-
Support RAT- protocol extensions to enable negotiation of extended DRX cycles
-
Support NAS-protocol extensions to enable extended DRX cycles. Support for coding of parameters for the extended DRX and sending it in a dedicated NAS message to the UE.

-
Support alternating the extended DRX cycle with the normal DRX cycles.

Impacts on E-UTRAN/UTRAN:

-
Support RAT- protocol extensions to enable negotiation of extended DRX cycles

-
Modified handling of paging requests to accommodate the extended DRX cycle along with the normal DRX cycle. Also it may need to contain expanded buffers in order to buffer the paging requests received from the core network during the extended DRX cycle period.

-
May need to indicate its support for extended DRX to the core network nodes.
-
Keeps UEs configured for using long DRX in idle mode in RRC connected mode long enough to allow a network stored MT SMS (potentially dependent on CN indication) to be received by the UE.
Impacts on GERAN:

-
Support GERAN protocol extensions to enable negotiation of extended paging cycles
7.1.3.1.3
Solution evaluation
There are achievable gains in energy and power consumption by using longer DRX cycles in idle mode. Using cycles of maximum up to several minutes would however require applications that can tolerate this.
The idle mode long DRX is more suitable to infrequent data transmission where the UE needs to be reachable for downlink initiated transactions like signalling or data transfers.
Overall gains are more achievable for the device with stationary or low mobility considering the trade-off between the power consumption and Mobility performance degradation.

The maximum value setting for DRX needs to consider the impacts on 3GPP and user/application protocols.

Further evaluation of this solution should be done by RAN.
End of changes
Annex NAS re-transmission timer values from 24.301
Table 10.2.2: EPS mobility management timers – network side

	TIMER NUM.
	TIMER VALUE
	STATE 
	CAUSE OF START
	NORMAL STOP
	ON THE
1st, 2nd, 3rd, 4th EXPIRY (NOTE 1)

	T3413
	NOTE 2
	EMM-REGISTERED
	Paging procedure for EPS services initiated
	Paging procedure for EPS services completed
	Network dependent

	T3422
	6s
	EMM-DEREGISTERED-INITIATED
	DETACH REQUEST sent
	DETACH ACCEPT received
	Retransmission of DETACH REQUEST

	T3450
	6s
	EMM-COMMON-PROC-INIT
	ATTACH ACCEPT sent

TRACKING AREA UPDATE ACCEPT sent with GUTI
TRACKING AREA UPDATE ACCEPT sent with TMSI
GUTI REALLOCATION COMMAND sent
	ATTACH COMPLETE received

TRACKING AREA UPDATE COMPLETE received

GUTI REALLOCATION COMPLETE received
	Retransmission of the same message type, i.e. ATTACH ACCEPT, TRACKING AREA UPDATE ACCEPT or GUTI REALLOCATION COMMAND

	T3460
	6s
	EMM-COMMON-PROC-INIT
	AUTHENTICATION REQUEST sent

SECURITY MODE COMMAND sent
	AUTHENTICATION RESPONSE received

AUTHENTICATION FAILURE received

SECURITY MODE COMPLETE received

SECURITY MODE REJECT received
	Retransmission of the same message type, i.e. AUTHENTICATION REQUEST

or SECURITY MODE COMMAND

	T3470
	6s
	EMM-COMMON-PROC-INIT
	IDENTITY REQUEST sent
	IDENTITY RESPONSE received
	Retransmission of IDENTITY REQUEST

	Mobile reachable
	NOTE 4
	All except EMM-DEREGISTERED
	Entering EMM-IDLE mode
	NAS signalling connection established
	Network dependent, but typically paging is halted on 1st expiry if the UE is not attached for emergency bearer services.

Implicitly detach the UE which is attached for emergency bearer services.

	Implicit detach timer
	NOTE 3
	All except EMM-DEREGISTERED
	The mobile reachable timer expires while the network is in EMM-IDLE mode 
	NAS signalling connection established
	Implicitly detach the UE on 1st expiry

	NOTE 1:
Typically, the procedures are aborted on the fifth expiry of the relevant timer. Exceptions are described in the corresponding procedure description.

NOTE 2:
The value of this timer is network dependent.
NOTE 3:
The value of this timer is network dependent. If ISR is activated, the default value of this timer is 4 minutes greater than T3423.

NOTE 4:
The default value of this timer is 4 minutes greater than T3412. If T3346 is larger than T3412 and the MME includes timer T3346 in the TRACKING AREA UPDATE REJECT message or SERVICE REJECT message, the value of the Mobile reachable timer is 4 minutes greater than T3346. If the UE is attached for emergency bearer services, the value of this timer is set equal to T3412. 


Table 10.3.2: EPS session management timers – network side

	TIMER NUM.
	TIMER VALUE
	STATE
	CAUSE OF START
	NORMAL STOP
	ON THE
1st, 2nd, 3rd, 4th EXPIRY (NOTE 1)

	T3485
	8s
	BEARER CONTEXT ACTIVE PENDING
	ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST sent
ACTIVATE DEDICATED EPS BEARER CONTEXT REQUEST sent
	ACTIVATE DEFAULT EPS BEARER CONTEXT ACCEPT received 
or ACTIVATE DEFAULT EPS BEARER CONTEXT REJECT received 
or ACTIVATE DEDICATED EPS BEARER CONTEXT ACCEPT received 
or ACTIVATE DEDICATED EPS BEARER CONTEXT REJECT received
	Retransmission of the same message

	T3486
	8s
	BEARER CONTEXT MODIFY PENDING
	MODIFY EPS BEARER CONTEXT REQUEST sent
	MODIFY EPS BEARER CONTEXT ACCEPT received 
or MODIFY EPS BEARER CONTEXT REJECT received
	Retransmission of MODIFY EPS BEARER CONTEXT REQUEST

	T3489
	4s
	PROCEDURE TRANSACTION PENDING
	ESM INFORMATION REQUEST sent
	ESM INFORMATION RESPONSE received


	Retransmission of ESM INFORMATION REQUEST on 1st and 2nd expiry only

	T3495
	8s
	BEARER CONTEXT INACTIVE PENDING
	DEACTIVATE EPS BEARER CONTEXT REQUEST sent
	DEACTIVATE EPS BEARER CONTEXT ACCEPT received
	Retransmission of DEACTIVATE EPS BEARER CONTEXT REQUEST

	NOTE 1:
Typically, the procedures are aborted on the fifth expiry of the relevant timer. Exceptions are described in the corresponding procedure description.


�How shall an SGW know how long it needs to keep such packets?
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