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Longer Paging Cycles for the MTC use case
1 Introduction

This paper discuss the possibility for introduction of a long paging cycle in the context of the LS on requesting input on MTCe solutions received from SA2 to GERAN2#57. In a GSM network today, each registered mobile station has to monitor its own paging group on the paging channel. This procedure is done periodically and the monitoring cycle is between 0.47 and 2.12 seconds depending on the parameter BS-PA-MFRMS (3GPP TS 44.018 chapter 10.5.2.11). The length of the cycle is set in relation to achieve an acceptable responsiveness for mobile terminated call set-up procedures and to balance the battery lifetime.
The existing specification is assuming that the requirement for reachability is time critical, i.e. communication that has to be initiated as soon as possible after initial reception of an incoming paging message within the core network. This process means that each mobile have to spend a significant amount of energy on decoding information not intended for it. For less time critical applications, e.g. for certain types of MTC applications, this might be unnecessary since a significant percentage of these applications are not expected to be especially time critical regarding the downlink communication mechanism used for payload delivery. If the paging group monitoring is done more infrequently for devices that use less time critical communication then less energy would be consumed in these cases. 
2 Solutions
2.1 Overview
The proposal is to introduce a longer paging cycle for devices used for less time critical communication. These devices would be identified by the network at registration (e.g. based on information included in registration related NAS signalling or based on subscription information maintained by the HLR), so the network could take corresponding action when an incoming page towards one of these devices is received.

There are a number of ways to realize a solution with a longer paging cycle based on the existing implementation and the existing 3GPP standard. Here is a brief description on some of these solutions:

1 Use a multiplication factor to the existing parameter BS-PA-MFRMS. This would imply that the paging cycle length (depending on the setting of BS-PA-MFRMS) would be multiplied with a number that is communicated to the network based on the subscription. (See Section 2.2 for detailed description)

2 Use the existing parameter BS-PA-MFRMS and the higher level frame structures like superframe (duration 6.12 sec) or even hyperframe (duration 3 hrs 53 sec 760 usec) structure to control the length of the long paging cycle. This solution would allow the mobile station to monitor the paging group on a superframe or hyperframe time basis. (See Section 2.3 for detailed description)
2.2 Solution 1: Multiply the paging cycle length
The legacy parameter BS-PA-MFRMS can take values between 2 and 9 and states the number of 51 frame multiframes between transmissions of PAGING REQUEST messages to MS in the same paging group. A longer paging cycle could potentially be achieved by multiplying the BS-PA-MFRMS parameter by a given Multiplication Factor (MF) value. This MF value should be communicated during the registration procedure, and could be provided by either the mobile station or any part of the network (e.g. BSS, MSC etc). The mobile station will then only monitor its paging group e.g. every 100th time if the multiplication factor is 100. The table below give an indication of the length of the paging cycle for different multiplication factors:
	
	BS-PA-MFRMS

	Multiplication factor
	2
	6
	9

	1
	0,47 sec
	1,41 sec
	2,12 sec

	100
	47 sec
	141 sec
	211 sec

	…
	
	
	

	5000
	0,65 h
	1,96 h
	2,94 h

	50000
	6,54 h
	19,62 h
	29,43 h






Table1 The re-occurrence times for the solution 1
This solution requires enhancing the relevant paging messages sent from the MSC/SGSN with new information regarding the multiplication factor (MF). Using that information the BSC calculates the actual paging group. One suggestion is to use the formula below:

PAGING_GROUP (0 .. (N x MF) - 1) = ((IMSI mod (1000 x MF)) mod (BS_CC_CHANS x N x MF)) mod (N x MF)

· N = number of paging blocks "available" on one CCCH = (number of paging blocks "available" in a 51-multiframe on one CCCH) x BS_PA_MFRMS.

· BS_PA_MFRMS indicates the number of 51-multiframes between transmission of paging messages to legacy MS of the same paging group (range 2 to 9).

Where MF is the multiplication factor either determined by the SIM or by the subscription information available in the HLR and included in the paging message from the CN. So, the solution would ”extend” the number of available paging groups while the IMSI would determine which one to monitor as per legacy implementation.

2.3 Solution 2: Frame structure extension
The paging channel, which is mapped on the common control channel (CCCH), follows a multiframe structure of 51 TDMA frames per multiframe. The duration of a 51-multiframe is approximately 235 ms. The next level in the frame structure is the superframe which is 26 51-multiframes, i.e. its duration is 6.12 sec. This frame structure could be utilized to extend the paging cycle as follows:

The paging group that a mobile station belongs to is basically determined by the last three digits in the IMSI number together with the cell configuration (BS-PA-MFRMS and number of available paging blocks in a 51-multiframe). The following equation is used to determine this (3GPP TS 45.002 sub-clause 6.5.2):

PAGING_GROUP (0 .. N‑1) = ((IMSI mod 1000) mod (BS_CC_CHANS x N)) mod N

Where:

· N = number of paging blocks "available" on one CCCH = (number of paging blocks "available" in a 51-multiframe on one CCCH) x BS_PA_MFRMS.

· IMSI = International Mobile Subscriber Identity, as defined in 3GPP TS 23.003.

· BS_CC_CHANS defines the number of basic physical channels supporting common control channels (CCCHs) on the BCCH carrier.

· (mod = Modulo and div = Integer division)

Now, the paging cycle length could be increased by using the superframe or a multiple of the superframe to force the mobile station to wake up and monitor the paging channel. This means that the mobile station would only monitor its own paging group once every superframe (or multiple “m” of the superframe). The equation to calculate the paging group is then changed to:

PAGING_GROUP (0 .. N‑1) = ((IMSI mod (1000 x 26 x m)) mod (BS_CC_CHANS x N)) mod N
Where:

· N = number of paging blocks "available" on one CCCH = (number of paging blocks "available" in a 51-multiframe on one CCCH) x BS_PA_MFRMS x 26 x m

· m is the number of superframes in the long paging cycle (m could be a fixed value or a range of values)

The value ‘m’ as well as the indication whether superframe or hyperframe (where “m” will factor into the paging group calculation for the hyperframe case in a similar manner as for the superframe example above) is used can be either associated with the subscription or provided to the CN in the enhanced registration procedures.

The value “m” as well as the information about what type of frame structures shall be used will be provided to the BSC by the CN in the enhanced paging messages.

It is BSC implementation choice to manage paging messages received from the CN. Dependent on current load, paging messages may be queued or discarded. As an additional functionality there could be a mechanism to inform CN about dropped paging messages due to either congestion or due to the fact that they were received in the BSS well outside the transmission window of the associated paging group. CN could use such information to refrain from further re-transmissions as well as a trigger for possible signalling towards other nodes and/or service layer.
3 Recommendation
Given that GERAN specifications do not require a frame number based synchronization in the radio access network between cells, there is a probability that a given paging group mapped on some frame number occurs on the radio interface with the time dispersion of the maximum possible re-occurrence duration which is 2.12 sec. While this is considered to be acceptable in the legacy specifications, a larger dispersion caused by increased paging cycle duration might become unacceptable as the probability for a moving mobile station to receive the same paging request multiple times increases and may cause sever impact to the network. Hence it is recommended to operate with increased paging cycle when frame number synchronization is supported or when only stationary devices are addressed.
4 Idle mode operation

This paper addresses two possible solutions introducing long paging cycles in GERAN with the purpose of a more efficient power operation when MTC applications with no stringent reachability requirements are used.

While it is true that long paging cycles reduce power consumption, it has though to be acknowledged that the current idle mode operation as specified in 3GPP TS 45.008 in sub-clause 6 results in a power consumption that is of a considerably larger magnitude than what can be saved by introducing a long paging cycle. The existing requirements are based on the assumption that the MS’s serving cell shall always provide the best possible available coverage so that any MO or MT session which may be triggered at any point in time will be successful.

However, in light of the assumption regarding the relaxed reachability requirements the validity of this assumption can be questioned. Consequently it needs to be discussed how the current mobility related measurements (e.g. ongoing neighbour cell measurements and related evaluations) shall be considered in the total scope of the work related to the reduction of the MS power consumption.

One way forward is to not reflect the above in the specifications assuming that terminal vendors have the ability to customize the terminal behaviour (e.g. RSSI measurements) so that it reflects the needs of some specific ongoing application or some very specific operational demands, e.g. behaviour of devices used for temperature sensors within ship containers. This implementation specific approach might be a reasonable way forward given that the idle mode specific measurements and evaluations are transparent to the network. 
5 Conclusion
This paper has discussed the possibilities to introduce support for long(-er) paging cycles in the GERAN specifications. The main driver for this functionality is the assumption that there will be significant amount of mobile stations supporting MTC applications that are compliant with a low re-occurence frequency of the respective paging groups. This characteristics should be exploited to decrease the mobile stations’ energy consumption by defining the means to assign paging groups to be monitored that re-occur less frequently, i.e. by increasing the paging cycle duration. 
The proposed solutions are based on the existing specification regarding the calculation of the paging groups in the network and in the mobile station by simple extensions to the existing formulas in 3GPP TS 45.002. The potential changes to the NAS signalling (registration procedures) are to be considered outside TSG GERAN.
It is proposed that TSG GERAN considers the proposed modification in the context of the LS on requesting input on MTCe solutions received from SA2 to GERAN2#57.
