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EC-GSM – Dynamic Coverage Class Update
Introduction
At GERAN#62 a new feasibility study named Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things  [1] (WI code: FS_IoT_LC)  was approved.
One of the main objectives is to increase the coverage compared to existing GPRS services. 
This contribution outlines a procedure that ensures that the SGSN always sends a paging request to the BSS indicating a coverage class sufficient (equal to or higher than estimated by the device) for the BSS to be able to successfully page the device. Even though all of the reasoning below is conducted in the scope of EC-GSM the solutions are applicable to all candidate solutions.
Determination of paging group
When paging an EC-GSM device, in order to determine the specific set of EC-PCH blocks to use to send the page, the BSS needs to know:
· the eDRX cycle
· the downlink coverage class (DL CC), and, 
· the IMSI of the device. 
The coverage class is estimated by the device and communicated to the network [2], and will determine the number of paging resources (EC-PCH blocks) required to be sent when paging the device (in order for the network to reach it). 
Even though EC-GSM devices are expected to provide the SGSN with their estimated DL CC within, for example, the context of the RAU procedure, there remains the possibility that devices will change their estimated DL CC at any time between any two such successive procedures. 
For more details see, [6].
Methods for Updating DL coverage class
Pre-Paging Group Update of DL CC
Whenever the coverage class of the device has deteriorated such that the EC-GSM device will not be able to decode the paging message using the coverage class last provided to the SGSN it is proposed to use the Cell update procedure which requires the transmission of only a single RLC data block and is therefore a power efficient way of triggering a DL CC update in the SGSN. 
Furthermore, to reduce the possibility of excessive signaling between a device and the SGSN it can wait until shortly before (e.g. 5 seconds) the next occurrence of its nominal paging group (i.e. based on its current DL CC) before performing a cell update that conveys its new DL CC to the SGSN. 
In addition, having a device wait until just before the next occurrence of its nominal paging group to finally decide that its DL CC needs to be changed ensures that the cell update will be used as sparingly as possible.  This solution is required whenever a device changes to a higher coverage class (requiring more blind repetitions) in order for the device to be able to (to a high degree of probability) read a page that may have been sent using its nominal paging group. This does not guarantee that a device will always be able to read a page sent using the nominal paging group indicated by its recently transmitted cell update (e.g. in case the network addresses multiple devices of a lower coverage class during the expected paging group) but will reduce the probability of missing a page to the point where secondary paging mechanisms are not seen as being necessary.
Impacts on Signaling
Using the Cell change procedure to update the DL coverage class just prior to the nominal paging occurrence will increase the signaling load.  In this section, the impacts are analyzed where it is assumed that each cell update will result in 1 Channel Request and 1 Immediate Assignment message. 
The assumptions, taken from the agreed traffic model [3], used to estimate the additional signaling load is summarized in table 1 below.  Using the agreed traffic model the overall arrival rate on the RACH and AGCH can be calculated to be 6.8 access/sec.
Table 1, parameters used to calculate impacts on signaling
	
	Value
	
	

	Number of devices per cell
	52 547
	
	

	Seconds per day
	86400
		
	

	Split of devices for Network Command 
	20%
	
	

	Percentage of paging occurrences requiring update of DL coverage class
	20% 
	
	

	
	
	Number of devices requiring coverage class update (20%)
	RACH/AGCH load/day

	Triggering intervals
	
	
	

	30 min
	5%
	104
	4992

	1 hour
	15 %
	312
	7488

	2 hours
	40%
	832
	9984

	1 day
	40 %
	832
	832

	Total RACH/AGCH load/sec
	
	
	0.27



From the table is can be seen that with the assumption that every 5th paging occurrence will lead to a  cell update the additional RACH/AGCH load is 0.27 access/sec which  is equivalent to an increase of around 4 %.  This additional signaling load is considered to be acceptable.  
Also, is should also be noted that the assumption on 20% is considered very pessimistic.
Transaction Time Update of DL CC
Whenever the coverage class has improved such that the EC-GSM device will be able to decode the paging message using a smaller number of repetitions there is in principal no need to update the DL coverage class just prior to the paging unless there is a need to saving paging bandwidth.   In such scenarios, the device can wait until the next uplink transaction to inform the SGSN of the new DL CC (i.e. instead of performing a cell update shortly before its next nominal paging group as per the 2.1.1). This is possible because it can safely continue to use its current DL CC to read paging messages since the device is currently in better coverage class than what the SGSN currently assumes [4].
The most straight forward way to provide the SGSN with the new coverage class is to include a new IE in the UL-UNITDATA PDU which transfers an MS's LLC-PDU and its associated radio interface information across the Gb-interface.  This realization is possible since whenever an EC-GSM device accesses the system it sends a RACH request to the BSS including an indication of its estimated DL CC [5] in order for the BSS to be able to properly assign resources as well as send the Immediate Assignment message with the appropriate number of repetitions. This means that whenever an EC-GSM device sends uplink data the BSS may add the latest coverage class information to the UL-UNITDATA PDU it sends to the SGSN. 
Conclusions
In order to ensure that the SGSN always sends a paging request to the BSS indicating a coverage class sufficient (equal to or higher) for the BSS to be able to successfully page a device in extended coverage it is proposed to adopt both the Pre-Paging Group Update of downlink coverage class and the transaction time update downlink solutions as parts of the procedures applicable to all candidate solutions. 
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