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1 Introduction
A new study item named Cellular IoT was approved at GERAN#62. The paging cycle could be extended in Cellular IoT to reduce power consumption. However, the extended paging cycle will have impact on the current core network. This is discussed in this contribution and a way forward is proposed.
2 Discussion
2.1 Impact on SGSN
Paging is initiated by the SGSN. Currently, a SGSN supervises the paging procedure with a timer. If the SGSN receives no response from the MS to the Paging Request message, it may repeat the paging. The repetition strategy is implementation dependent [1].
In 24.008, T3313 is defined as such a supervising timer as in Table 1.
Table 1 3GPP TS 24.008: GPRS Mobility management timers - network side
	TIMER NUM.
	TIMER VALUE
	STATE 
	CAUSE OF START
	NORMAL STOP
	ON

	
	
	
	
	
	EXPIRY

	T3313
	Note 1
	GMM_REG
	Paging procedure initiated
	Paging procedure completed
	Network dependent 


NOTE 1:	The value of this timer is network dependent.
The value of this timer should at least reflect the delay of the paging occurrence (PO) on the radio interface as shown in Figure 1. Otherwise, the paging repetition over the Gb interface could happen before the paging message is actually sent over the air interface.

 
Figure 1 Relation between T3313 and delay of PO
If there are several BSCs in a Routing Area, the maximum delay of the PO should be taken into account as in Figure 2.

 
Figure 2 Maximum delay of PO
However, in legacy network, this is not a big issue since the normal paging cycle is in the order of seconds. In GPRS, the typical value is ~2s and the maximum value is ~15s.
For Cellular IoT, the paging cycle could be extended to 10s of minutes for power saving purpose [2]. In this case, it is not possible for the SGSN to supervise the paging response without additional information. 
2.2 Solution
In [3] and [4], it is proposed that the SGSN is aware of the timing of the PO and sends the paging request accordingly. From the sourcing company’s point of view, it is unrealistic to assume time-alignment of the cells served by a BSC and to require the SGSN being aware of radio related information, such as the TDMA FN.
We have two alternative proposals:
Solution 1
A feedback from the BSC to the SGSN about the delay of the PO as depicted in Figure 3 would be helpful. The SGSN could use the information to set T3313 with an appropriate value to supervise the paging procedure. When the timer expires, the SGSN may repeat the paging or discard the downlink data. 

 
Figure 3 Feedback of the delay of PO
The cells served by a BSC may have different PO. In this case the BSC could provide a list of feedback or only the maximum delay. 
Extra feedback could increase the signalling load on the Gb interface. However, considering the low frequency of paging in the extended paging cycle, this is negligible.
Solution 2
The UE could provide the DRX value by NAS signalling to the SGSN thereby the SGSN could set a reasonable value of T3313 since the delay of PO cannot be larger than the DRX cycle. It could be achieved by reusing the UE specific DRX parameter IE in the ATTACH/RAU procedure or by a new IE for transmission.
In both solutions proposed, the paging message is always buffered in the BSC side until it is sent out on the radio interface and there is no need to bother SGSN. And similar solutions could be used in the S1 based architecture.
3 Conclusion and Proposal
Based on the discussion in section 2, there will be impact on current SGSN when the paging cycle is extended. 
Two possible solutions are proposed,
Solution 1: having an feedback from BSC to SGSN about the delay of paging occurrence and based on which, the SGSN could have a suitable value for T3313.
Solution 2: the UE reports the precise DRX value by NAS signalling to the SGSN and based on which, the SGSN could have a suitable value for T3313.
Furthermore, from the view of sourcing company, an LS to SA2 to confirm the impact identified here and ask for other possible impact caused by extended paging cycle is helpful. The candidate solutions could be also provided for any feasibility feedback.
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