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1. Introduction

This paper points out that as networks begin to support a large number of M2M devices, there will be need to support paging for these devices when downlink data or mobile-terminated SMS arrives and the devices are in idle state. Unless paging optimizations that reduce the paging traffic is supported, this can have serious negative impacts on paging capacity of the network and also impact delays for paging for normal user’s traffic e.g. increase call setup time of mobile-terminated VoLTE call. This is a problem for both LTE and 3G networks. The contribution proposes paging optimization for low-mobility M2M devices. 
2. Discussion
Problem: Excessive paging traffic as the number of M2M devices increases
The number of M2M devices is going to increase several folds in the near future. Most of these devices will typically be in idle state, come to connected state, transmit a small amount of data and go back to idle state. The mobile networks will need to support both pull (UE initiated) and push (MTC Server initiated) traffic. For server initiated traffic, either periodic or peaked during emergency or fault scenarios, there is a high probability of having to page large number of M2M devices which are in idle state. Paging for these devices can seriously lower the paging capacity of the network and seriously impact paging performance for mobile-terminated normal user traffic, e.g. mobile-terminated VoLTE. It is critical that paging optimizations be supported in the network.
Proposal: Paging Optimization for low-mobility M2M devices
The focus of this contribution is on low-mobility M2M devices. A large fraction of the M2M devices deployed in the network will be fixed or low-mobility devices, e.g. water meter readers, smart grid devices. The key characteristics of these devices is that they do not move; hence they will be served by a single cell or a cell and its neighbouring cell (e.g. due to coverage variations at cell edges). MME can determine the low-mobility nature of these devices based on implementation, e.g. ECGI history of the device, APN etc. It is possible to reduce paging signals from the low mobility devices by sending paging signals to the specific cells. Since low-mobility devices form a big fraction of all the M2M devices, the impact of paging optimization created for this class of traffic on the overall paging traffic is large, as shown in the figure below because the area where paging messages are sent changes from TA-list area to the cells identified by the ECGI.
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Figure-1: Paging optimization for low-mobility devices showing reduction in amount of pages
Proposal: The function of Paging Optimization
The function of Paging Optimization is as follows;
-1 MME stores the latest ECGI(*1) received with Service Request/Attach/TAU(*2) from eNB.
-2 The MME determination that the device is a low-mobility device, is implementation dependent, e.g. ECGI history of the device, APN etc. 
-3 When downlink-data notification or mobile-terminated SMS arrives at the MME and the UE is idle, the MME sends paging on S1 including stored ECGI of the device to only the eNB serving the ECGI.
-4 eNB sends paging to the specific area.
-5 If the paging to a specific sector fails, then MME sends paging to all the eNBs in the registered TAI(s) of the UE. 
※1　ECGI is structured with PLMN ID + Cell Identity. The leftmost bits of the Cell Identity correspond to the eNB ID.
※2　Specifically Initial UE Message and Uplink NAS Transport
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Figure-2: The Optimized Paging procedure
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Figure-3: The Optimized Paging procedure (another view)
The key standards impact of this proposal for LTE is the inclusion of ECGI(s) in the S1 message to eNB and the eNB only transmitting pages in the cell identified by the ECGI.
For UMTS case, the RNC does not always provide the CGI information in the initial UE message; CGI information is optional. Providing the SAI information is required field in initial UE message. Hence, for the case of UMTS networks. Hence, for the case of UMTS networks, our CR proposes the use of SAI instead of CGI. However, if networks use the CGI information, we do not have an issue to allow either SAI or CGI information to be provided to the RNC for paging optimization.
3. Conclusion
The attached CRs implement the above proposal for LTE (S2-14xxxx) and for 3G (S2-14xxxx). Paging optimization is a critical tool that operators need to have in their network to prevent paging avalanches with the deployment for M2M devices. This function needs to be standardized as it impacts the S1 (LTE) and Iu (3G) interface and the behaviour of the MME/SGSN and eNB/RNC.
This is a small, but important, enhancement to the 3GPP network. We believe that this feature can be introduced as TEI-13 item, with just a single CR to the relevant stage-2 specs. We would appreciate feedback on this point from SA2 delegates.
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