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1   Introduction
During RAN2 #72bis meeting, the agreements are as follows:
· Stick to the “delay tolerant” indicator and the indicator could be either in Connection Request or in Connection Setup Complete message.
· Reconfirm that the extended wait timer is handled at NAS layer.
In case of CN overload, MME will initiate the Overload Start procedure [1] to inform the eNB to reduce the signaling load towards the concerned MME. When an eNB receives the OVERLOAD START message, it shall assume the concerned MME as being in the overloaded state. The eNB will reject/release the RRC connection to avoid CN overload. 
However, if the CN overload is a transient situation, RRC connection rejection/release may result in higher signalling overhead. Extending connection response time at the RRC layer could be another approach to avoid CN overload, which has not been proposed in previous meetings. In this approach, the eNB could buffer the RRC connection request from the delay tolerant device until the transient CN overload is released or the extended RRC connection response timer is expired.
In this contribution, two extended RRC timer-based mechanisms are introduced. These proposed mechanisms have two-fold advantages over the former alternatives: 1) reduce signaling overhead and 2) no impact to CN. This contribution compares the pros and cons of the alternatives.
2   Discussion
Alt. 1: the delay tolerant indicator is carried in RRCConnectionRequest message and the extended waitTime is carried in RRCConnectionReject message.
The signaling flow of Alt. 1 is shown in Figure 1. This alternative enables the RAN2 to reject the RRC Connection Request if the concerned MME is overloaded. The RRC connection reject message includes an extended waitTime for the rejected delay tolerant device to postpone the subsequent re-attach attempts. 
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Figure 1 Signaling flow of Alt. 1
· Advantages: 

· Early rejection, least impact to RAN2
· No impact to core network
· Disadvantages: 

· Expensive for RRCConnectionRequest extension
· If rejection cause is required, a new rejection cause IE in RRCConnectionReject is necessary
Alt. 2: the delay tolerant indicator is carried in RRCConnectionSetupComplete message and the extended waitTime is carried in RRCConnectionRelease message.
The signaling flow of Alt. 2 is shown in Figure 2. This alternative enables the RAN2 to release the RRC Connection if the concerned MME is overloaded. A new establishment cause IE carrying the delay tolerant indicator is included in RRCConnectionSetupComplete. In addition, a new waitTime is also required in RRCConnectionRelease message to postpone the subsequent re-attach attempts.
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Figure 2 Signaling flow of Alt. 2

· Advantages: 

· Less expensive for RRCConnectionSetupComplete extension
· A new EstablishmentCause IE could be used to carry further information in the future MTC enhancement
· Disadvantages: 

· More signalings than Alt. 1
· Need to add a new waitTime and a new release cause in RRCConnectionRelease message
· Need to modify the existing Overload Start procedure since TS 36.413 specifies that the eNB behaviour upon MME congestion is to “reject” RRC establishments and not to “release” RRC connections established with a certain cause value
Alt. 3: the delay tolerant indicator is carried in RRCConnectionRequest message, and extending T300.
The signaling flow of Alt. 3 is shown in Figure 3. This alternative takes advantages of a longer RRC connection establishment response timer (e.g., extended T300) and a longer NAS attach response timer (e.g., extended T3410). These extended timers are used to avoid CN overload and to reduce the RAN signaling overhead. 
When an eNB receives the RRCConnectionRequest carrying the delay tolerant indicator but the concerned MME is overloaded, the eNB could buffer the request from the delay tolerant device until the CN overload is released or the extended T300 is being expired. In the former case, the eNB could reply RRCConnectionSetup to the delay tolerant device as shown in Figure 3(a); in the latter case, the eNB would reject the connection request using RRCConnectionReject as shown in Figure 3(b).
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Figure 3(a) Signaling flow of Alt. 3 in connection accepted case
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Figure 3(b) Signaling flow of Alt. 3 in connection rejected case
· Advantages: 

· No impact to core network
· Signaling overhead reduction

· Disadvantages: 

· eNB should buffer the connection request for extended period of time
· Longer wait-for-response time to the devices

Alt. 4: the delay tolerant indicator is carried in RRCConnectionRequest message, and the waitTime is carried in RRCTempConnectionReject message.

The signaling flow of Alt. 4 is shown in Figure 4. This alternative takes advantages of the waitTime and the listenTime carried in RRCConnectionReject. The waitTime and the listenTime are used to avoid CN overload and to reduce the RAN signaling overhead. 

In Alt. 4, the delay tolerant device sends the RRCConnectionRequest carrying the delay tolerant indicator and waits for the RRCConnectionSetup message from eNB. If CN is being overloaded, the eNB will reply RRCTempConnectionReject with the waitTime and the listenTime so that the delay tolerant device could enter power saving during the waitTime and listen to the RRCConnectionSetup during the listenTime. The eNB could buffer the request from the delay tolerant device until the CN overload is released or the listenTime is being expired. In the former case, the eNB could reply RRCConnectionSetup to the delay tolerant device as shown in Figure 4(a); in the latter case, the delay tolerant device would re-transmitted the connection request using RRCConnectionRequest as shown in Figure 4(b).
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Figure 4(a) Signaling flow of Alt. 4 in accepted case
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Figure 4(b) Signaling flow of Alt. 4 in rejected case
· Advantages: 

· No impact to core network

· Signaling overhead reduction

· Disadvantages: 

· eNB should buffer the connection request for extended period of time

· new RRCTempConnecitonReject message, new waitTime, and new listenTime are required
3   Comparisons

This section analyzes the signaling overhead of these four alternatives. Table 1 lists the parameters used in the signaling overhead analysis.
Table 1 Parameters used in the analysis

	waitTime in RRCConnectionReject
	16 sec

	waitTime in RRCTempConnectionReject
	14 sec

	listenTime in RRCTempConnectionReject
	1 sec

	T300
	2 sec

	Extended T300
	16 sec


In case of CN overload, not a connection request could be accepted. Therefore, if an attachment attempt eventually fails, signalings regarding to the failed attachment attempt could be considered "wasted". For Alt. 1, Alt. 3 and Alt. 4, the number of “wasted” signalings is 2. For Alt. 2, the number of “wasted” signalings is 4.
Assuming a delay tolerant device sends the first RRCConnectionRequest at time t=0 but the CN is overloaded at that moment. The number of “wasted” signalings with respect to three different CN overload release time, t=10s, 30s and 60s, are analyzed. Table 2 summaries the number of “wasted” signalings of single delay tolerant device.

Table 2 Number of “wasted” signaling of single delay tolerant device

	Alternatives

CN overload release time
	Alt. 1
	Alt. 2
	Alt. 3
	Alt. 4

	t=10 sec
	2
	4
	0
	0

	t=30 sec
	4
	8
	2
	2

	t=60 sec
	8
	16
	4
	6


Note that for Alt. 3 and Alt. 4, when CN overload duration is 10 sec, the number of “wasted” signaling is 0. For Alt. 3, this is because eNB will buffer the connection request until the extended T300 is running, and since the CN overload is released before the RRCConnectionRejct is transmitted to the delay tolerant device, the eNB could continue process the connection request by sending RRCConnectionSetup to the delay tolerant device and hence no signalling are “wasted”. For Alt. 4, this is because eNB will buffer the connection request until the listenTime, and since the CN overload is released before the RRCConnectionRejct is transmitted to the delay tolerant device, the eNB could continue process the connection request by sending RRCConnectionSetup to the delay tolerant device and hence no signaling are “wasted”.
From Table 2, Alt. 3 ensures the least overhead in case of transient CN overload. The signaling wastage could be saved by more than 50% as compared with Alt. 1, and more than 75% as compared with Alt. 2. Alt. 4 also saves singnaling wastage by more than 25% as compared with Alt. 1, and more than 62.5% as compared with Alt. 2.
4   Conclusion

Based on the discussion above, it is concluded that the proposed Alt. 3 has the least signaling overhead. Alt. 3 simply extends T300 to reduce the signaling overhead but requires delay tolerant device to wait for response for longer period of time, which may cause considerable energy consumptions to the delay tolerant devices. Alt. 4 has similar signaling overhead savings to Alt. 3 while delay tolerant devices’ energy consumption is reduced. This is achieved by introducing the RRCTempConnectionReject message, and corresponding waitTime and listenTime. 

All alternatives introduce longer wait time at the RRC level, which may cause problem to NAS lever timer. Therefore, extension of NAS level timer may be necessary. 

We kindly ask RAN2 to discuss and agree on the following proposals:
Proposal 1: Agree to add a delay tolerant indicator in RRCConnectionRequest message.

Proposal 2: Agree to take the signaling overhead performance of the Alt. 3 and Alt. 4 as the baseline. All proposed schemes should be compared with the baseline performance.

Proposal 3: Agree to adopt the Alt. 3 for CN overload control, or

Proposal 4: Agree to adopt the Alt. 4 for CN overload control.

Proposal 5: Agree to submit an LS to CT1 for NAS timer extension.
5   Reference
[1] 3GPP TS 36.413 V9.4.0   E-UTRA: S1 Application Protocol (S1AP)
[image: image7.png]


















































































































































































































































































































1

_1356185758.vsd
�

waitTime


RRCConnectionReject


RRCConnectionRequest


Device


eNB


MME


Overload Start


Overload End


T300


Re-transmitted RRCConnectionRequest



_1356186203.vsd
�

Extended T300


RRCConnectionRequest


Device


eNB


RRCConnectionReject


MME


Overload Start


Overload End


waitTime


Re-transmitted RRCConnectionRequest



_1356186868.vsd
�

T300


RRCConnectionRequest


Device


eNB


RRCTempConnectionReject


MME


Overload Start


Overload End


RRCConnectionSetup


listenTime


waitTime



_1356186890.vsd
�

waitTime


listenTime


T300


RRCConnectionRequest


Device


eNB


RRCTempConnectionReject


MME


Overload Start


Overload End


Re-transmitted RRCConnectionRequest



_1356186148.vsd
�

Extended T300


RRCConnectionRequest


Device


eNB


RRCConnectionSetup


MME


Overload Start


Overload End



_1356185739.vsd
�

RRCConnectionSetup


RRCConnectionRequest


RRCConnectionSetupComplete


Device


eNB


Re-transmitted RRCConnectionRequest


MME


Overload Start


Overload End


RRCConnectionRelease


waitTime



