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introduction
Extended Coverage GSM for support of Internet of Things (EC-GSM-IoT) is an evolution of EGPRS providing a streamlined protocol implementation, reducing MS complexity while supporting energy efficient operation with extended coverage compared to GPRS/EGPRS. 
EC-GSM-IoT improves the coverage performance of Cellular IoT devices by 20 dB compared to EGPRS along and enables long battery life time achieved by energy efficient methods over the radio interface. The extended coverage is achieved by a high number of blind physical layer transmissions along with modified channel coding schemes.
In Release 13 the base station supporting EC-GSM-IoT requires minimum 4 consecutive timeslot resources reserved for packet data operation to support extended coverage operation. Furthermore, the coverage improvement for low power EC-GSM-IoT devices with 23 dBm output power is limited to 10 dB in this release.
In Release 14, as part of radio interface enhancements, EC operation with a reduced number of 2 consecutive timeslot resources both on DL and UL specified. In addition, a new uplink coverage class CC5 is added to improve the MCL performance in uplink by 4 dB compared to Release 13, which can be mapped both to 4 and 2 consecutive time slot resources.
In Release 15, as part of further enhancements, a paging indication channel for EC operation is introduced as well as the deferred system information acquisition procedure for EC operation both targeting the improvement of energy consumption of the device in idle mode. The deferred system information acquisition procedure was also specified for Power Efficient Operation (PEO) devices that operate in normal coverage with increased power consumption efficiency in idle mode due to adoption of Extended DRX and relaxed mobility requirements.  
 

description
Energy Efficient Paging Reception with EC Paging Indication channel
[bookmark: _Hlk522751156]The network may configure an EC Paging Indication Channel (EC-PICH) for a mobile station capable to receive EC-PICH in higher coverage class condition (i.e. in extended coverage using CC3 or CC4) which occurs prior to the corresponding paging block of the mobile station to optimise the energy consumption for paging reception. 
Separate EC-PICH blocks are used for paging indication for mobiles in coverage class CC3 or CC4. An EC-PICH block for CC4 contains the paging indication for single paging block of CC4 within four 51 multiframes (see Fig. 1), whereas an EC-PICH block for CC3 serves for indicating a page to one or two CC3 mobile stations per two 51-multiframes (see Fig. 2). The mobile stations in CC3 or CC4 coverage condition checks the EC-PICH block corresponding to its paging block whether containing a wake-up indication, and if yes, listens to the paging block. If the EC-PICH block indicates that no paging message is scheduled in its paging block, the mobile stations enters into sleep mode until the next paging occasion after completion of current (e)DRX cycle thus reducing energy consumption by up to around 15% due to avoiding reading the long paging block for these higher coverage classes which may or not contain a matching page, i.e. require the mobile station to send a paging response. This is illustrated in Fig. 1 and Fig.2 below.
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Figure 1: EC-PICH block in first 51 MF indicates whether mobile station should wake up or sleep for CC4 paging block. 
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Figure 2: EC-PICH block in first 51 MF indicates whether mobile station should wake up or sleep for CC3 paging block. 
 
The message sent on EC-PICH to convey wake-up or sleep indications is designed such that it can be received by legacy EC-GSM-IoT mobile stations in CC1 condition, expecting an EC-AGCH, without decoding failure, i.e. the legacy EC-GSM-IoT mobile station detects an unknown message type. 

2.2 Deferred System Information Acquisition in EC operation and for PEO
In order to reduce energy consumption in packet idle mode, the network may broadcast information to assist the MS to apply deferred system information acquisition. 
To this purpose it reconfigures EC System Information type 2 for a cell to include an Idle Mode Mobility cell group description comprising cells, geographically adjacent or close to each other, with shared cell parameters related to cell (re)selection, Routing Area assignment, paging monitoring, DL Coverage class selection, mobility support and cell barring and assigns it a broadcast frequency list containing BCCH carriers allocated in these cells. To better match cell deployments, some cell parameters may deviate from the common values and are separately indicated on a per cell basis.
 
To allow for different settings of shared cell parameters in geographic adjacent areas, different Idle Mode Mobility cell groups are defined with an identifier to distinguish one from the other, thus providing a spatially definite assignment of cells to Idle Mode Mobility cell groups. Since values of shared or non-shared cell parameters in a particular Idle Mode Mobility cell group are subject to change in time, a change mark is assigned to the Idle Mode Mobility cell group. An increment of the change mark for a particular Idle Mode Mobility cell group hence indicates to the MS to acquire the complete EC SI in the serving cell.

To enable fast detection if a cell is part of a specific Idle Mode Mobility cell group or not, the MS identifies from EC-SCH reception the Idle Mode Mobility cell group identifier and the related change mark. Thus, an MS reselecting to a cell in the same IMM cell group as the last serving cell has read the EC-SCH and decoded both the IMM cell group identifier and the IMM cell group change mark. If both values match with those of the last serving cell, it will not need to read the EC-BCCH for this cell prior to the decision for cell reselection, neither after cell reselection to this cell for subsequent cell reselections and for paging monitoring in packet idle mode. Only in case a valid page is received, that requires to send a paging response, or the MS needs to perform an uplink data transmission, or a timeout since the last reading of the complete EC SI in a different than the current serving cell is expired, the MS is required to read the complete EC System Information in the current serving cell. 

The network may choose to deactivate deferred SI acquisition in network deployments for which EC System Information needs to be reconfigured more frequently or for which adjacent cells' idle mode mobility parameters differ too much. The support of deferred system information acquisition is broadcasted in EC System Information. 

For PEO devices, that operate in normal coverage, a similar concept was designed, that includes the PEO IMM Cell Group definition in the System Information type 13 (SI 13) message and reuses cell parameters broadcasted in SI 2 and SI 3. For fast detection if a neighbour cell belongs to the same PEO IMM Cell Group or not, the MS monitors paging request and immediate assignment messages on downlink CCCH, where the PEO IMM cell group identifier and the PEO IMM change mark are sent and evaluates whether they are identical to those of the current serving cell. In this case it defers reading of system information for that cell, similar to a device in EC operation. Power savings up to around 20% related to the radio module power consumption of the device have been estimated.
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