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NB M2M - Coverage Class Updates for Paging
1 Introduction
At GERAN#62 a new SI was agreed to study Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things [1].
The efficiency of paging is important for MS power consumption, paging capacity and core network. It has been discussed in contributions from many companies, including Huawei et al and Ericsson LM.
Many aspects from the previous contributions were captured [2] and then added to TR 45.820 [3] as working assumptions in sub-clause 8.1.5 - core network enhancements for paging devices in extended coverage.  The working assumptions are:

WA 1: The MS shall determine if currently estimated coverage class is different from last reported Coverage Class.  

WA 2: The MS should report changes of its coverage class to the CN. The trigger of the reporting, to avoid frequent signaling, is FFS.

WA 3:  At least the estimated coverage class for downlink will be indicated to the RAN when attempting system access.

WA4: The changes of estimated coverage class for downlink may be indicated to the RAN during data transmission.

WA 5: The RAN will include the coverage class information in the uplink data PDU sent to the CN. 

WA 6: Upon reception of the device specific coverage class information the CN stores it for use in subsequent paging for delivery of downlink data to that device.

WA 7: In order for RAN to send a page with the appropriate coverage enhancements the CN needs to convey the latest known coverage class information in the downlink paging PDU.

This paper discusses WA2, WA3 and WA4 and how a NB M2M MS signals the level of coverage enhancement required.
2 Reporting coverage class change to the CN
WA2 says the MS should report changes of its coverage class to the CN.  When the MS detects its coverage class has changed it can determine whether its coverage conditions are improving or worsening.

The MS needs to take care to avoid “flip-flopping” between coverage classes.  Reporting coverage class updates will use power on a MS. Battery powered devices will have a natural incentive to avoid frequently reporting coverage class change too frequently, and a device without power restrictions will not have this natural incentive. Therefore the MS should include some hysteresis to prevent too frequent reporting of coverage class. The hysteresis method can be different for worsening and improving coverage conditions, as the impact of the change may be different.
When a MS is in Idle Mode it wakes periodically to receive paging. The MS can use this wake time to determine whether its coverage class has changed. The MS does not need to wake between paging occasions only to check whether its coverage class has changed.

2.1 Worsening Coverage Conditions

In the case of coverage conditions worsening the MS will not be able to receive the paging in its original coverage class, therefore the MS will have to use the new worse coverage class to receive paging.

The paging capacity for each coverage class on each base station is naturally limited by the amount of physical resource that can be used, with paging on the worse coverage classes taking more physical resource than paging on the better coverage classes.

If the MS has changed from the best coverage class (144dB MCL) to the worst coverage class (164dB MCL) then, depending upon the CN paging strategy there could be paging performed on multiple base stations in all coverage classes, using paging capacity in multiple cells in multiple coverage classes.
The CN paging strategy also impacts the latency to page a MS. In one of the most extreme cases the CN could page on each coverage class in each cell in the RA/TA in sequence, resulting in very high latency.  In another extreme case the CN could page on all coverage classes in all cells in a RA/TA, resulting in a high paging load in all cells in the RA/TA.
To help the CN to adopt a less extreme paging strategy allowing latency and paging capacity to be managed a NB M2M MS should report its updated coverage class whenever it worsens, taking hysteresis into account.
2.2 Improving Coverage Conditions

In the case of the coverage conditions improving the MS will be able to receive paging on its original coverage class as well as its new improved coverage class.

As the MS is able to receiving paging on its original coverage class there can be no impact to latency, however it could be undesirable because of the additional physical resource paging on worse converge classes takes.

A NB M2M MS first has to receive a DCI followed by the paging message to be able to determine it has been paged or not. The DCI and paging message take more physical resource and therefore the MS has to have its receiver active for longer in worse coverage conditions.
As the paging reception cost is not constant for all coverage classes it can be compared with the power consumption cost of updating the CN with the new desired coverage class and the power consumption of receiving paging on the new coverage class.  From this comparison it is possible to determine after how many paging occasions on the new better coverage class the MS will start saving power, compared to remaining on the older worse coverage class.
Depending upon the older worse coverage class and the newer better coverage class the number of paging occasions after which the MS will save power is typically very small.
To allow a MS to save power and to help the CN adopt a less extreme paging strategy a NB M2M MS should report its coverage class change whenever it determines it has improved, taking hysteresis into account.

3 Indicating Coverage Class when attempting system access

When a NB M2M MS attempts system access it performs RACH with Random Number procedure, see TR 54.820 [1], sub-clause 7.1.4.5.2.  This procedure uses RACH resources allocated by the base station to a specific coverage class. The RACH resources are scheduled through system information, see [4], or as RACH allocation in a DCI as described in TR 45.820 [1] sub-clause 7.1.4.8.1.
When the MS performs RACH the base station determines from the physical RACH resource allocation used the coverage class and after the MS has passed its identity to the base station in the first uplink message, both the coverage class and MS identity are known and the coverage class for that MS can be updated.

4 Updating base station with coverage class during Connected Mode

During Connected Mode, if the MS requires resource it can perform the RACH with C-RNTI procedure, see TR45.820 [1], sub-clause 7.1.4.2.2.
If the MS determines that its coverage class has changed the MS can perform the RACH with C-RNTI procedure using RACH resource associated with its new coverage class, using the C-RNTI assigned when it first accessed the system in the cell.  The base station can determine from the C-RNTI the MS identity and updated coverage class from the RACH resource used, therefore allowing the coverage class for the MS to be updated.
5 Summary
This contribution discusses the methods a NB M2M MS uses to provide the network with its current coverage class.  It concludes that the MS should report both improving and worsening coverage conditions for the benefit of the MS, base station and CN.
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