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EC-GSM – General principles
Introduction
At GERAN#62 a new feasibility study named Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (WI code: FS_IoT_LC)  was approved, see [1].
In this contribution, the general principles of EC-GSM, or as the proposal earlier was referred to ‘GSM Evolution’, is outlined in terms of how current GSM is evolved to EC-GSM and what principles are followed.
Re-using existing design
The EC-GSM concept relies to a large extent on re-using existing design principles in GSM, and only changing them when necessary to comply with the study item objectives. 
Also, a reduction of selected functionality in the 3GPP GERAN specification will minimizes implementation effort and complexity.
The intention with re-using design principles in GSM is to allow for support of these new CIoT devices in existing GSM deployments, allowing full multiplexing of traffic from legacy GSM devices and CIoT devices on the same physical channels, as investigated in [8]. Multiplexing of existing resources also implies that 	different channel operations as supported today, for example non-frequency hopping configurations and frequency hopping configurations will be supported for CIoT, and hence no impact is foreseen to the network planning by the introduction of CIoT devices.
The physical layer design is to a large extent common with current GSM design. Unless otherwise stated, this includes re-using existing:
· Multiple access, timeslot and frame structure and channel organization, see [2].
· Channel mapping, burst building, and burst multiplexing, see [3].
· Coding, reordering and partitioning, and interleaving, see [4].
· Differential encoding, and modulation, see [5].
Re-using the existing design also allows the physical layer to support device speed the same as supported today (in normal coverage).
Device support
The minimum capability to be supported by the device shall be EGPRS, MCS-1-4. Additionally, the device shall support extended coverage and signaling procedures related to CIoT. Extended coverage is feasible by the support of logical channels which are able to operate in extended coverage, EC-channels, see [7].
The support level of EGPRS is, as today, indicated by the choice of TS used on the Random Access channel, see [6]. Using TS2 indicates not only that the device supports only GMSK in the UL but that only GMSK is supported both on DL and UL, while TS1 indicates that both GMSK and 8PSK modulation is supported in both links, see Table 1.
[bookmark: _Ref409968382]Table 1. EC-GSM PACKET CHANNEL REQUEST
	Training sequence 
(see 3GPP TS 45.002)
	bits
11…...1
	
Packet Channel Access

	TS1
	< EGPRS Packet channel request message content >
	EC-GSM with 8PSK capability in both uplink and downlink

	TS2
	< EGPRS Packet channel request message content >
	EGPRS without 8PSK capability in both uplink and downlink



No mandatory support of CS or GPRS related functionality, is foreseen for CIoT devices.
In order to:
· Minimize signaling overhead only one phase access is supported by CIoT devices accessing the network using a Access Burst format.
· Simplify the MS reporting procedures, the radio link measurements are performed according to GPRS principles, i.e. that the device reports the RXLEV (received signal level strength) and RXQUAL (estimated bit error rate probability).
· Minimize device energy consumption, both PSM (Power Saving Mode) based operation, and eDRX based reachability shall be supported. 
New logical channels 
The common control channels (CCCH) for EC-GSM have been re-designed to support a broadcast carrier also reaching devices in extended coverage. The EC-CCCH for EC-GSM is mapped onto TS1 on the BCCH carrier and carries EC-SCH, EC-BCCH, EC-CCCH (EC-AGCH and EC-PCH on the DL, and EC-RACH on the UL).
Cell identification
The cell detection for a CIoT device is based on detecting FCCH and decoding SCH as in current GSM operation. In extended coverage multiple FCCH instances are expected to be acquired in order to detect the cell and to provide a rough frequency and time estimation. By the acquisition of multiple FCCH instances the device will also acquire knowledge about the 51 multiframe structure. Due to the irregular pattern of FCCH occurrences within the 51 multiframe the frame structure can uniquely be identified.
The FCCH resources used by CIoT devices is the same as in normal GSM operation and hence no additional resource need to be allocated to support the extended coverage for FCCH.
In a second step of the cell detection, the EC-SCH is decoded. In extended coverage a new EC-SCH is defined and mapped onto TS1 of the BCCH carrier, see [9], and will be autonomously searched for by the device after FCCH detection. 
To support blind repetitions, and hence transmitting multiple instances of the same SCH block, a redefinition of the SCH frame information must be considered (in current SCH blocks the frame indication is changing with each instance). As per current GSM operation, after the decoding of SCH, the MS will have knowledge about the overall frame structure, and the Base transceiver station identity code (BSIC). For more details, see [9].
After decoding the EC-SCH the device has determined that the cell supports EC-GSM and continues to acquire the EC-BCCH where CIoT specific System Information is contained.
Impact on BS hardware
The design fully re-uses existing physical layer design in GSM without any impact on spectral properties, ensuring no hardware impact to already deployed GSM Radio Units.
[bookmark: _GoBack]Output power device support
In the current GSM standard four different output power levels are supported in the 900 band, see Table 2.
[bookmark: _Ref409971755]Table 2. Current MS output power levels.
	Power
	GSM 400 & GSM 900 & GSM 850 & GSM 700

	class
	Nominal Maximum output

	
	power

	1
	‑ ‑ ‑ ‑ ‑ ‑

	2
	8 W (39 dBm)

	3
	5 W (37 dBm)

	4
	2 W (33 dBm)

	5
	0,8 W (29 dBm)



The typical output power class used is 33 dBm, and output power levels higher than 2 W is typically not used for handheld devices.
In order to integrate the Power Amplifier onto the chip an alternative power class of [23] dBm can be added to the list of supported power classes in the table.
It is the intention that the same specification is to be followed by the new power class, and hence the overall coverage improvement by these devices would be 10 dB lower than the coverage improvement achieved with a 33 dBm output power device.
Conclusion
The document has outlined the general principles of the EC-GSM concept.
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