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Introduction
At GERAN#67 a new work item on Extended Coverage GSM was approved. The final version of the Cellular IoT Technical Report can found in Ref [1]. 
In this contribution, an overload control procedure is identified whereby the Implicit Reject Status (IRS) field of the EC-SCH is used to identify categories of devices that are subject to barring (similar to legacy Implicit Reject concept) and network sharing related EC-SI information is used to identify PLMN specific barring for devices that have registered for a given PLMN. 
PLMN Specific Barring Information in EC-SI4
EC-SI4 supports the indication of PLMN specific barring information for both normal access devices (equivalent to Access Class 0 to 9 in legacy systems) and special access devices (equivalent to a subset of Access Class 10 to 15 in legacy systems). As such, in addition to listing multiple PLMNs for the case where Network Sharing is supported, EC-SI4 will also support the inclusion of a 1 bit PLMN specific Normal Access Barring field for normal access devices and a N bit PLMN specific Special Access Barring field for special access devices. Note that the purpose of these two new PLMN specific barring fields is to either enable barring or disable barring for 100% of the devices that have registered for the corresponding PLMN.
2.1	Barring Normal Access Devices
When a PLMN becomes barred for a normal access device then the content of EC-SI4 is modified so that the 1 bit Normal Access Barring field corresponding to that PLMN is enabled and the EC_EGPRS_BCCH_CHANGE_MARK field in the EC-SCH is incremented.
· Upon attempting system access and detecting a change to the EC_EGPRS_BCCH_CHANGE_MARK field a normal access device re-reads the EC-SI messages.
· If it determines that its registered PLMN is barred, then it will start a timer TBAR1 and not re-attempt system access until this timer expires. 
· TBAR1 is similar to legacy timer T3236 but will comprise a set of values ranging from 30 to 600 seconds (with .1 second granularity) from which a device randomly draws a value according to a uniform probability distribution. 
· If TBAR1 expires and the normal access device determines that its registered PLMN is still barred (i.e. no change to the EC_EGPRS_BCCH_CHANGE_MARK field is detected) then it restarts TBAR1 and once again waits for it to expire. Otherwise, if its registered PLMN is not barred, it proceeds with its system access attempt
2.2	Barring Special Access Devices
When a PLMN becomes barred for one or more of the access categories of special access devices (e.g. emergency services) then the content of EC-SI4 is modified so that one or more bits comprising the N bit Special Access Barring field corresponding to that PLMN are enabled and the EC_EGPRS_BCCH_CHANGE_MARK field in the EC-SCH is incremented.
· Upon attempting system access and detecting a change to the EC_EGPRS_BCCH_CHANGE_MARK field a special access device re-reads the EC-SI messages.
· If it determines that its access category is barred for its registered PLMN it starts a timer TBAR1 and then will not re-attempt system access until this timer expires. 

· TBAR1 is similar to legacy timer T3236 but will comprise a set of values ranging from 30 to 600 seconds (with .1 second granularity) from which a device randomly draws a value according to a uniform probability distribution. 
· If TBAR1 expires and the special access device determines that its access category is still barred for its registered PLMN (i.e. it updates EC-SI if a change is detected) then it restarts TBAR1 and once again waits for it to expire. Otherwise it proceeds with its system access attempt.
Implicit Reject Status (IRS)
As described in [1] the EC-SCH will be read prior to attempting system access, and since its repetition period is always chosen to cater for devices in the worst case coverage scenarios, it serves as a convenient logical channel from which EC-EGPRS devices read the Implicit Reject Status (IRS) field that determines the type of access barring in effect at any point in time. In addition, the EC-SCH content can be changed as often as once every four 51-multiframes (~940ms) thereby allowing for a near real time mechanism for setting IRS in response to any access loading problem that may be detected. Note that the purpose of the IRS field described herein is only to bar variable percentages of normal access devices (equivalent to Access Class 0 to 9 in legacy systems) whereas the PLMN specific barring described in section 2 is used to bar either 0% or 100% of normal access devices or special access devices.
· IRS allows variable percentages of EC-SCH messages sent over a given time period (e.g. 100 seconds) to indicate if barring is enabled for a given target category of normal access devices ( e.g. devices that are neither in their HPLMN nor in a PLMN that is equivalent to it).
· Using the example of a 100 second time period, if 65 of the 100 EC-SCH messages (~1 sec per instance of EC-SCH) indicate barring is enabled for a given target category of devices then 65% of those devices accessing during that 100 second time period will detect a barring condition (randomly distributed across all devices of the target category).
· This is logically equivalent to the legacy Access Class Barring (ACB) mechanism where mobile stations are randomly mapped to 1 of 10 mask bit positions (i.e. based on the last digit of their IMSI) wherein the mask is set to indicate some target level of barring (e.g. 6 bits of the mask set to indicate at target of 60% barring) and then rotated to achieve 60% barring of all mobile stations (randomly distributed across all mobile stations since each bit in the mask is used by about 10% of mobile stations).
· As such, EC-EGPRS only makes use of the IRS feature as it provides the same flexibility as the legacy ACB regarding the flexibility to bar a variable percentage of normal access devices and allows for real time enabling of such barring (via EC-SCH reading) instead of forcing devices to read updated SI to determine the value of the barring mask as per legacy operation.
The IRS is a 2 bit field used for dynamic barring of variable percentages of normal access devices which means devices that detect a barring condition based on IRS will not also read EC-SI to supplement/qualify the barring information provided by IRS. The IRS field supports code points 01 and 10 which provide the same type of barring indication as is currently defined by the legacy 2 bit EAB Subcategory field provided in SI 21 Rest Octets (see 3GPP TS 44.018). All normal access devices are subject to being barred based on the value of the IRS field only if accessing the network “for the purpose of NAS signaling low priority” (see 3GPP TS 24.008). The full set of IRS field code points is as follows: 
· 00 – no barring
· 01 – roamer barring enabled (all devices that are neither in their HPLMN nor in a PLMN that is equivalent to it (see TS 22.011)).
· 10 – roamer  barring enabled (for all devices that are neither in the PLMN listed as most preferred PLMN of the country where the UE is roaming in the operator-defined PLMN selector list on the SIM/USIM, nor in their HPLMN nor in an PLMN that is equivalent to it (see TS 22.011)).
· 11 – all roamers and homers barred (not applicable to special access devices)
MS Response to IRS Barring Indication
Upon attempting system access, a normal access device acquires and evaluates the status of the 2 bit EC_EGPRS_BCCH_CHANGE_MARK field received as part of the EC-SCH. If this field does not have the same value as when the device last read the EC-SCH it shall re-acquire the relevant EC-SI messages at which point its stored EC-SI4 will be up to date. It shall then proceed as follows:
· If it determines that its registered PLMN is barred according to the PLMN specific 1 bit Normal Access Barring field in EC-SI4, it starts a timer TBAR1 and proceeds as described in section 2.1.
· If it determines its registered PLMN is not barred according to the PLMN specific 1 bit Normal Access Barring field in EC-SI4 and it has estimated its uplink and downlink coverage class to be 1, it proceeds with its system access attempt using TS0 (if the RACH Access Control flag in the EC-SCH indicates the use of TS0 is enabled) or using TS1 otherwise.
· If using TS1 and accessing the network “for the purpose of NAS signaling low priority” (see 3GPP TS 24.008), a normal access device determines if it is barred according to the device category indicated by the IRS field.  If barred it aborts its system access attempt, start a timer TBAR2 and will not re-attempt system access until this timer expires.
· TBAR2 is similar to legacy timer T3236 but will comprise a set of values ranging from 10 to 60 seconds (with .1 second granularity) from which a device randomly draws a value according to a uniform probability distribution. 
· If the normal access device is using TS1 and is either not accessing the network “for the purpose of NAS signaling low priority” or is not barred according to the device category indicated by the IRS field then it shall proceed with its system access attempt.
· Upon expiration of timer TBAR2 the normal access device again acquires and evaluates the status of the IRS field and repeats the process described above for determining whether or not its system access attempt is barred.
Gradual Reduction of Barring
The IRS field in the EC-SCH can be used to bar any fraction of normal access devices from attempting system access for as long as necessary in response to a transient loading condition. This is accomplished by changing the state of the IRS field as often as once every 4 successive 51-multiframes starting with a 51-multiframe for which [51-multiframe# mod 4 = 0]. If IRS is used to bar a high percentage of normal access devices for an extended time period then this can lead to an increasing number of devices with a pending system access which means care must be taken to avoid a sudden re-admittance of these devices once the loading condition subsides.  This can, for example, be realized by managing the IRS field to gradually allow more and more devices to attempt system access over any given time interval.
For example, considering the case where the IRS = 01 for an extended time period T1 (e.g. T1 = 100 seconds) then the gradual re-admittance of devices that became barred due to IRS = 01 can be realized as follows:
· Time period T2 is 9.4 seconds long, immediately follows T1 and consists of 10 quadruples of 51-multiframes (each quadruple provides one instance of EC-SCH information) where IRS = 00 (i.e. no barring) in 1 of these 10 quadruples. As such, a device whose timer TBAR2 expires at some point within time period T2 will have a 10% chance of seeing IRS = 00 when reading any one of the 10 instances of EC-SCH sent within T2. 
· Time period T3 is 9.4 seconds long, immediately follows T2 and consists of 10 quadruples of 51-multiframes where IRS = 00 in 2 of these 10 quadruples. A device whose timer TBAR2 expires at some point within time period T3 will have a 20% chance of seeing IRS = 00 when reading any one of the 10 instances of EC-SCH sent within T3.
· Time period T4 is 9.4 seconds long, immediately follows T3 and consists of 10 quadruples of 51-multiframes where IRS = 00 in 3 of these 10 quadruples. A device whose timer TBAR2 expires at some point within time period T4 will have a 30% chance of seeing IRS = 00 when reading any one of the 10 instances of EC-SCH sent within T4.
· This process continues until the IRS field no longer indicates any barring condition during time period T11 as shown in Figure 1.
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Figure 1 – Gradual Re-admittance of barred devices
Conclusions
This paper describes the overload control mechanism for EC-EGPRS devices which includes both PLMN specific barring (used to bar 100% of normal access and special access devices) and IRS based barring (used to bar variable percentages of normal access devices). It demonstrates that the Implicit Reject functionality introduced in 3GPP Rel-10, adapted to extended coverage conditions by including an IRS field in the EC-SCH, is a sufficient overload control mechanism for managing normal access devices. This approach to overload control avoids the need for classmark centric barring masks used in legacy GSM systems for normal access devices (i.e. there is no need to send barring mask bit maps and rotate them to indicate which subset of normal access devices are subject to barring).
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