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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. A large number of these devices will be stationary, eg water meter readers, power grid equipment. 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. The contribution proposes paging optimization for low-mobility M2M devices. We also point out that as the size of cells becomes small, these UEs will typically be located in the overlap coverage of multiple eNBs. Hence, performing simple paging optimization by sending pages to only the last cell where the UE was active will result in high probability of initial paging failure and may be a non-productive optimization. Sending pages to multiple eNBs that provide coverage to the UE will result in much higher initial paging success probability. This is the proposal of the contribution.
2. Discussion
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 characteristic of these devices is that they are not mobile. 
As shown in Figure-1, the typical case is that the UE is under the coverage of overlapping cells of different eNBs, M2M device's registered cell may change due to changes in the surrounding environment (increase/decrease in interference depending on degree of traffic congestion, presence/absence of moving obstacles like automobiles, etc.) even if the device may have a fixed position. Overlapping coverage from different eNBs is a common deployment scenario and does not only occur when the UE is at cell edge. Due to overlapping coverage, in idle-mode UE may easily camp on an eNB cell different from the eNB cell where it was last active.
In this case, the paging to the eNB where the UE was last registered will be lost with high probability.

Thus, in order to increase the success rate of optimized paging, it is important that the MME sends pages not only to the eNB where the UE was last registered but to all eNBs that provide overlapping coverage to the UE.
[image: image1]
Figure-1: For stationary MTC devices showing reduction in amount of pages by sending pages to eNBs providing coverage to the UE.
Proposal: The Paging Optimization Procedure
The proposed Paging Optimization procedure is as shown in Figure-2.
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Figure-2: The Optimized Paging procedure
0.
UE is RRC-Connected and EMM-Connected state

1. 
UE provides measurement reports in which it reports about the overlapping coverage. This is existing standard behaviour of the UE as specified in TS 36.331. 
2a.
The UE is transitioned into idle-mode, eg due to inactivity. The eNB performs RRC Release.
2b.
During the S1AP “S1 UE Context Release Procedure”, the eNB informs the MME about the overlapping eNB information. This is based on the measurement report(s) provided by the UE in Step 1. The eNB may chose to only provide this information for a subset of UE, eg. UEs for which the MME had provided to the eNB CN assistance parameter with very low “Number of eNB handover procedures per hour”. The MME stores the overlapping eNB information about the UE.
3.
When the MME has to page this UE, eg due to DDN from SGW, the MME sends pages to only the overlapping eNBs. The page message is the same as that specified in TS 23.401.

4. 
If optimized paging of Step 3 fails, then the MME pages all the eNBs in the entire TA(s) to which the UE is admitted. 
Why OAM cannot provide UE specific overlapping eNB information to the MME?
It has been argued in previous SA2 meeting that OAM can provide information to the MME about the neighbouring eNBs/cells for a particular cell. Such information is typically used for radio optimization and cell-planning purposes.


[image: image4.png]in the case of overlapping cells
by multiple different eNBs -: Paging Area

|
Paging area = specific eNBs





Figure-3: Scenario with multiple overlapping regions within a cell.
Different overlapping coverage regions in a cell: Consider the scenario depicted in Figure-3 above. In this scenario, the coverage area of eNB-1 overlaps with that of eNB-2 through eNB-5. This overlap information may be obtained from OAM. In the scenario depicted in Figure 3 UE-A is in the overlap area of eNB-1 and eNB-2 whereas UE-B is in the overlap area of eNB-1 and eNB-4. In order to successfully page UE-A, the MME should send page messages to eNB-1 and eNB-2, whereas to successfully page UE-B, the MME should send page messages to eNB-1 and eNB-4. This level of information cannot be obtained from OAM and can only be obtained from eNBs directly. 

Hence, when the UE goes idle, the eNBs to which the UE is directly connected to can report to the MME about the overlapping coverage from other eNBs to the MME, i.e for UE-A, eNB-1 reports that the UE-A is in overlap coverage of both eNB-1 and eNB-2. This information is provided by UE-A to eNB using measurement reports. UEs that are in overlap coverage will provide this information based on event triggers in the radio measurements configured by the eNB for that UE. It can be foreseen that for UE’s that are not mobile, different event triggers in the measurement reports can be set to optimize paging. The measurement triggers can be optimized by the eNB based on the CN assistance information provided by the MME to the eNB for the UE, eg for UEs that have low “Number of eNB handover procedures per hour”. This makes use of existing functionality and does not require additional standardization.
Overlapping coverage from different eNBs is a common deployment scenario and does not only occur when UE is at cell edge. Due to overlapping coverage, in idle-mode UE may easily camp on an eNB cell different from the eNB cell where it was last active. Having the eNB provide information of overlapping coverage to the MME, enables the MME to page the UE in all the overlapping eNBs and hence lead to successful optimized paging.

Dynamic nature of radio coverage: Another issue with the use of OAM information is that, the radio environment is not very steady and coverage areas change fairly dynamically, eg due to construction of a building, changes with weather. It is not possible to keep accurate coverage maps dues to these conditions. Any information obtained from OAM is typically not accurate. (1) The MME does not require generic overlap coverage information, only overlap coverage for non-mobile UEs, and (2) The eNB can periodically update the coverage map based on UE reported measurement report and hence provide more upto date information to the MME.
What happens if the UE moves during idle-mode or overlapping coverage changes after the UE has gone idle?

This paging optimization is only for UEs that are not mobile. However, if the UE does move or the coverage changes after the UE has gone idle, eg. a new building got constructed or foliage changes due to weather, the MME will keep track of success rate of the optimized paging procedure. On detecting failures, the MME can disable paging optimization for that UE and wait until new overlapping coverage information is provided by the eNB to the MME for that particular UE. 

3. Conclusion
The attached CRs implement the above proposal for LTE (S2-143892). 
This is an important enhancement to the 3GPP networks to support MTC devices
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