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Abstract of the contribution: This paper continues the discussion started at last SA2 meeting (S2-160187), on how to keep E-UTRAN and UTRAN RRC connection alive long enough to allow the Core Network or an application (such as SMS-MT) to send signalling or data after the detection of the UE by the Core Network. It also studies the specific case of GERAN as in that case, the MS that should remain in READY state long enough.
Discussion
At SA2#113 meeting, this topic was discussed and some companies objected to the proposed way forward. This paper is intended to analyze the solutions proposed by those companies and conclude on the way forward.

1
Reminder

If extended idle mode DRX is enabled and the MME or SGSN is aware that there is pending signalling or data in the network for that UE, it is important that when the RRC connection is established, the eNB does not release that RRC connection too early: the network needs some time to deliver the MT pending signalling or data to the UE before the UE re-enters extended idle mode DRX. In some cases, the delivery could take more than 30 seconds. 
Use cases are related to applications like MT-SMS, or an external application that asked to be notified when the UE becomes reachable (e.g. after a message delivery failure): these applications have subscribed to UE reachability, and they will be notified when the UE becomes reachable. Some time is needed for the network to notify the application, and for the applications to react. But, due to "user inactivity" (which is a RAN configurable parameter), the eNB may release the RRC connection before the pending signalling or data can be sent to the UE. See TS 23.272 clause 8.2.4a step 10, which specifies "The network should ensure the UE is connected long enough that it allows the SC to reattempt to deliver the MT SMS message while the UE is still active".
The RAN is not able to know if there is signalling or data pending for an UE, hence the Core Network has to indicate it to the RAN: the RRC connection should not last 30 seconds when there is no data/signalling pending for the UE. 
Moreover, the RAN is not able to determine the amount of time required for the Core Network and for the application to complete their processing. Hence, it is proposed that a timer value is indicated to the RAN for optimizing the resources. However, configuration in the RAN might also be a way forward. 
2
Other solutions proposed by some companies

At SA2#113 meeting, the companies that objected to the related CRs suggested various ways forward such as: 
· Reusing the CN Assistance Information

· Increasing the User Inactivity timer

1) Reusing CN Assistance Information
1. TS 23.401 defines CN Assistance Information as follows: "Core Network assisted eNodeB parameters tuning aids the eNodeB to minimize the UE state transitions and achieve optimum network behaviour."
This definition does not fit with a solution for preventing the RAN to release the RRC connection. It does not correspond either to an optimisation: we need a way to allow the eDRX UE to receive pending signalling or data, which is a real issue that hence should be corrected.

2. TS 23.401 also defines how CN Assistance Information is derived: "Core Network assistance information may be derived by the MME per UE in the MME based on collection of UE behaviour statistics or other available information about the expected UE behaviour (such as subscribed APN, IMSI ranges or other subscription information)".
It is clear that CN Assistance Information depends on the UE characteristics and the service the UE is using. But the issue we need to solve is for all UEs and completely independent of those aspects. 

3. TS 23.401 clause 4.3.21 also specifies that: "How the eNB uses the Core Network assistance information is not in scope of this specification and implementation specific."
The solution we need shall make sure that the RAN does not release the RRC connection too early. So, not specifying a minimum RAN behaviour is not in line with using CN Assistance Information.

4. Furthermore, CN Assistance Information does not exist for GERAN and for UTRAN. And we cannot see the rationale for introducing the extension of CN Assistance Information to GERAN and UTRAN just because of the need to pass a timer to the RAN. 

5. CN Assistance " expected UE behaviour " parameter:
TS 36.413 also defines the "expected UE behaviour" as follows. 
"This IE defines the behaviour of a UE with predictable activity and/or mobility behaviour, to assist the eNB in determining the optimum RRC connection time."
6. CN Assistance "Expected Activity Period" parameter: 
The "Expected Activity Period" is the result of statistics. It is defined in TS 23.401 as follows:

""Expected UE activity behaviour", i.e. the expected pattern of the UE's changes between ECM-CONNECTED and ECM-IDLE states. This may be derived e.g. from statistical information or from subscription information". 
If a UE just sends a few packets each time it connects to the network, then the "Expected Activity Period" will then be very short, e.g. in the order of 1-5 seconds. But the timer the RAN should use is a "guard timer" to prevent the too early RRC release (in the order of 30 seconds), not an "average time" of UE connectivity (1-5 seconds). Hence, the CN Assistance "Expected Activity Period" does not fit with the issue we need to solve.

Finally, we should never "highjack" a parameter that is used to optimize the RAN behaviour for a different usage: the optimization will not work. 
2) Increasing the User Inactivity timer

The user inactivity timer is a RAN parameter, implementation dependent, and not known by the Core Network. It is used as a RAN resource optimization parameter and should remain configurable by the operator for that purpose. 
We don't understand how such solution could work since the RAN does not know whether signalling or data is pending for a UE: increasing the User Inactivity time would imply that all the connections would use radio resources at least 30 seconds, even in the case there is no data/signalling pending for the UE.  
3
Proposed solution
Except in case of GERAN (see further), this solution ensures that we extend the user inactivity period only for the scenarios where there is pending MT signalling for a UE. In all other scenarios (e.g. MO signalling w/o pending MT signalling), there won’t be any change, i.e. the existing user inactivity timer can be used.

E-UTRAN

In the case of E-UTRAN, the UE always sends Initial UE message as first NAS message to the MME, initiating the S1-MME connection establishment, and this message is followed by an Initial Context Setup Request from the MME. Using this message is the most straight forward solution.
Handovers: when the UE is handed over to another eNB shortly after the UE-CN connection is established (i.e. before the signalling/data pending could be sent to the UE), it is needed to pass the remaining time to the target RAN (if T=30s and UE stayed 10s in the source node, remaining time = 20s). Using Handover Request message requires, in an inter-MME relocation, that the source MME passes the remaining time to the target MME. An alternative would be to carry the “minimum user inactivity time” from the source RAN to the target RAN via the RAN Container. We suggest using the RAN container. 
UTRAN

Similarly to E-UTRAN, the UE always sends the Initial UE message as first NAS message to the SGSN, initiating the Iu-ps connection establishment, but there is no equivalence to the S1AP Initial Context Setup Request. 

When a RAB is established, the SGSN will send a RANAP RAB Establishment Request message to the UTRAN. 

It should be noted that, in case of UTRAN, "user inactivity" cause is only used for dedicated RABs. In the case of inactivity on signalling when there is no RAB, the eNB may request the SGSN to release the Iu connection, but the eNB cannot release the RRC or the Iu connection on its own i.e. before the SGSN accepts the UTRAN request. Hence, there is no need for the SGSN to send a “minimum user inactivity time” to the UTRAN when no RAB is established. 
See TS 25.413 clause 8.4.2: Interactions with Iu Release procedure:

"The Iu Release procedure should be initiated upon reception of an IU RELEASE REQUEST message when the cause is different than "User Inactivity". When the cause is set to "User Inactivity", it is optional to initiate the Iu Release procedure."
GERAN

GERAN requires a different mechanism. Indeed, GERAN does not keep a UE Context as in UTRAN or E-UTRAN, except in the case the BSS supports Packet Flow Control procedures. It just manages TBFs when the UE exchanges data with the network and releases the TBF resources after a few seconds without data. 

Moreover, IDLE, STANDBY and READY states are not known by the BSS: they are managed by the SGSN. In IDLE state, the MS shall GPRS-attach to the network. In STANDBY state, the MS is known at RA level and hence should be paged by the SGSN. In READY state, the UE is known at cell level and the DL Data are sent directly by the SGSN. 

What is needed is to ensure that the UE remains in READY STATE (i.e. known at cell level) for a longer time than for a regular DRX UE. 

TS 24.008 clause 4.7.2.1.1 states: "The value of the READY timer may be negotiated between the MS and the network using the GPRS attach or GPRS routing area updating procedure"

So, if the UE has indicated that it uses eDRX and if MT signalling or data is pending for that UE, the SGSN should send a READY timer that allows the Application or the SMS Server to send the data/SMS when the UE is detected. 
One issue is that the READY Timer is only sent in GPRS Attach Accept and in RA Update Accept. This means that, unless some RA Update is forced when MT signalling and data are pending for the UE, the READY Timer applies when eDRX applies even if there is no pending signalling or data for the UE. Forcing RA Update would be very costly, so it is proposed to always send the "minimum user inactivity time" as the READY Timer in GPRS Attach Accept and in RA Update Accept when eDRX applies. 
In addition, when the BSS uses PFC procedures, it sets a Packet Flow Timer (PFT) timer that is dependent on the READY Timer. TS 48.018 specifies: 

10.4.17  CREATE-BSS-PFC

This PDU allows the SGSN to request that a BSS create or modify a BSS Packet Flow Context.
PDU type:             CREATE-BSS-PFC

Direction:              SGSN to BSS
Table 10.4.17: CREATE-BSS-PFC PDU content

	Information elements
	Type / Reference
	Presence
	Format
	Length

	PDU type
	PDU type/11.3.26
	M
	V
	1

	TLLI
	TLLI/11.3.35
	M
	TLV
	6

	IMSI
	IMSI/11.3.14
	O (note 4)
	TLV
	5 -10

	PFI
	PFI/11.3.42
	M
	TLV
	3

	PFT
	GPRS Timer/11.3.44
	M
	TLV
	3

	ABQP
	ABQP/11.3.43
	M
	TLV
	13-?

	Service UTRAN CCO
	Service UTRAN CCO/11.3.47
	O
	TLV
	3

	MS Radio Access Capability
	MS Radio Access Capability/11.3.22
	O (note 1)
	TLV
	7-?

	Allocation/Retention Priority
	Priority/11.3.27
	O
	TLV
	3

	T10
	GPRS Timer/11.3.44
	C (note 2)
	TLV
	3

	Inter RAT Handover Info
	Inter RAT Handover Info/11.3.94
	O (note 3)
	TLV
	3-?

	E-UTRAN Inter RAT Handover Info
	E-UTRAN Inter RAT Handover Info/11.3.104
	O (note 3)
	TLV
	3-?

	Subscriber Profile ID for RAT/Frequency priority (note 5)
	Subscriber Profile ID for RAT/Frequency priority/11.3.105
	O
	TLV
	3

	NOTE 1:    This Information Element shall be present if there is valid MS Radio Access Capability information known by the SGSN.
NOTE 2:    This information element shall be present if the Allocation/Retention Priority IE is present and if queuing is allowed for the PFC. 

NOTE 3:    This information element shall be present if available in the SGSN. 

NOTE 4:    This information element shall be present if the IMSI is available in the SGSN. 

NOTE 5:    This IE may be included if available in the SGSN. If the Service UTRAN CCO IE is present with the value of "shall not" the Service UTRAN CCO IE takes precedence over this IE.


	T9
	Same as T3314 READY timer in 3GPP TS 24.008. Minimum 6 s
	This is the Packet Flow Timer (PFT) and holds the maximum time the BSS may store a BSS PFC while no uplink data is transmitted
	Cannot exceed the value of the READY timer for this MS unless READY timer is less than 6 s.


Hence, in case PFCs are used, the SGSN should also send the PFT to the BSS via CREATE-BSS-PFC.
Proposal
It is proposed to agree that:

1) For E-UTRAN, when extended idle mode DRX is enabled and the MME is aware that there is pending signalling or data in the network for that UE, when the RRC connection is established, a “minimum user inactivity time” is provided by the MME to the eNB in the Initial Context Setup Request message. Remaining time at handovers are passed to the target RAN in the RAN container;

2) For UTRAN, when extended idle mode DRX is enabled and the SGSN is aware that there is pending signalling or data in the network for that UE, when the RRC connection is established, a “minimum user inactivity time” is provided by the SGSN to the RNC in the RAB Setup Request message Remaining time at handovers are passed to the target RAN in the RAN container;

3) For GERAN, when extended idle mode DRX is enabled and the SGSN is aware that there is pending signalling or data in the network for that UE, the SGSN shall always send the "minimum user inactivity time" as the READY Timer in GPRS Attach Accept and in RA Update Accept when eDRX applies.   
Nokia has provided companion CRs to 23.401 and 23.060.
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