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Idle mode scenarios for EC-EGPRS 

Introduction
The EC-EGPRS feature is being introduced into GERAN Rel-13 specifications. This feature provides extended coverage for IoT devices of up to 20dB additional MCL, as compared to legacy GPRS coverage conditions. The coverage extension is achieved by adopting additional physical layer blind repetitions along with channel coding enhancements.
This paper discusses about the idle mode scenarios for the EC-EGPRS device such as change of coverage class and cell reselection. The main focus of this discussion paper is to discuss the impact to higher layer signalling and paging for these scenarios. 
As agreed at GERAN#68, the support of PEO is independent from the support of EC-EGPRS at the device side. We hereafter focus on idle mode scenarios for the EC-EGPRS device.

KEY SCENARIOS TO BE CLARIFIED
Following scenarios need to be clarified. The term “device” here refers to the EC-EGPRS capable mobile station.
Change of Coverage Class (CC) in EC-EGPRS operation during idle mode
In particular the device in packet idle mode, based on measurements, shall be able to change its DL coverage class and its UL coverage class. In this context there needs to be an appropriate signalling procedure on radio layer and upper layer of the device. 
It is the sourcing company’s view that 
a. Both UL and DL CC are determined by the device in idle mode. 
b. The device decides the DL CC based on signal strength measurements and decoding performance. The device also indicates the DL CC to the network in the EC-RACH payload.
c. The device shall keep the information about the UL CC it has with it from last data transfer. The same coverage class may be reused for the subsequent data transfer or another coverage class, based on measurements.
Cell Reselection from EC-EGPRS cell to Non EC-EGPRS cell and vice versa
Consider the scenario that a device in packet idle mode decides to reselect from an EC-EGPRS cell to an EGPRS cell or cells are within same RA. In this context it is our view if the device is expected to trigger a procedure similar to cell update, needs to be discussed.
PROPOSed solution FOR IDLE mode SCENARIOS
Change of Coverage Class in EC-EGPRS during idle mode
For a device with limited mobility in an EC-EGPRS network, the change of coverage class shall be less frequent during idle mode, since it is expected that the device is sending data less frequently and thereby remains in packet idle mode/GMM STANDBY state most of the time. The change of coverage class can be either due to radio condition within the same cell or due to limited mobility. In this scenario we address the issue of coverage class change due to radio condition in the same cell in idle mode. In particular, if the DL CC related information is not updated to core network side, then during DL TBF establishment when MS is in idle mode and STANDBY state, the CN passes the old/outdated coverage class from last data transfer to the BSS leading to probable paging failures.
Cell Update and Routing Area Update(refer [2]) are the location management procedures that are used by the device to update the cell id to core network element when a device is in READY state and STANDBY state respectively in GPRS/EGPRS networks. Adaptation of routing area update to convey additionally coverage class information could have been one possible solution/option to address the scenario. However routing area update shall be sent by the MS in GPRS/EGPRS networks only if the device detects RA change during measurements. In EC-EGPRS networks there will be cases where there is a need of change in coverage class since the device moves from one EC-EGPRS cell to another within the same RA or there is coverage class change needed as determined by measurements during STANDBY state. In fact the cell update procedure is used in GPRS/EGPPRS to update the cell information when the device is in GMM READY state. Document [2] section 4.7.2.6 describes about cell update trigger by lower layers when ready timer is not running.
Cell Reselection from EC-EGPRS cell to Non EC-EGPRS cell and vice versa
The EC-EGPRS device generally is assumed to have limited mobility and cell reselection is triggered due to idle mode measurements. There might be a change in coverage class when device changes to new cell. Also in a deployed network there may be a mix of EC-EGPRS supporting cells and non-supported EC-EGPRS cells and thus a procedure to control mobility between those cell types is required.
Discussion paper [4] analyses situation of handling a device camped in non EC-EGPRS cell and then waking up in EC-EGPRS cell. 
Proposal: We hence propose to use a modified cell update procedure as described in section 4.7.2.6 of reference [2] or an equivalent new location management procedure for EC-EGPRS devices. This proposed procedure will enable the device to update cell location along with DL coverage class information to CN irrespective of whether MS is in READY or STANDBY state. The EC-EGPRS device shall trigger the update only based on the detected need for DL CC change or cell change in idle state. Given that the coverage class is not supported in GPRS and EGPRS cells, the EC-EGPRS device will not trigger any coverage class update in those cells, hence will not lead to increase in signalling messages. The DL CC change is relevant only in EC-EGPRS cells and for EC-EGPRS devices.  
Based on the above proposal the CN will have the most recent information on DL coverage class and cell id of the EC-EGPRS devices. Thus paging of EC-EGPRS devices that are in IDLE mode and STANDBY state may be cell specific. 
The updated DL CC information will assist for subsequent DL TBF establishment procedure when the device is in standby state. There against the UL CC information is not foreseen to be signalled to the network in idle mode, the device rather decides on the appropriate UL CC based on measurements and other criteria such as time elapsed since last UL CC change.
Scenarios addressed in [4] are also addressed. Since the CN will have the updated cell information, paging can be done in the cell thereby saving those paging related signalling in other cells or in the routing area.
TOPICS FOR DISCUSSION
An EC-EGPRS device supports EC-EGPRS operation and may optionally support GPRS/EGPRS. Thus devices are expected in the market which are only EC-EGPRS capable and devices which are both EC-EGPRS and EGPRS capable. Additionally, since the PEO feature can be deployed independently, there can be further combinations of device capabilities that need to be supported in a network.
If the movement happens between an EC-EGPRS supporting cell and non-EC-EGPRS supporting cell within the same RA, there are following clarification needed: 
a. Shall the movement between an EC-EGPRS supporting cell and non EC-EGPRS supporting cell be allowed or disallowed via EC-SI messages?
The sourcing company’s view is that the device capability in terms of above combination of device capabilities, its impact on idle mode scenarios, need for mobility related signalling procedures between the device and the CN represent matters to be further discussed with other 3GPP groups (i.e. SA2 and CT1).
SUMMARY
Key scenarios related to the idle mode behaviour of the EC-EGPRS capable device are discussed and possible options for their handling are indicated. We believe that it is essential to update the CN about the DL coverage class and cell location related information due to limited mobility of the EC-EGPRS device including the cases of mobility during STANDBY state. It is also proposed that this update procedure is not relevant when there is cell reselection between EGPRS/GPRS cells. We also believe that these aspects should be discussed with core network standardization groups related to impacts seen from the above scenarios. An LS should thus be composed to SA2 and CT1 to provide feedback on the depicted scenarios.
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