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At GERAN#67 a new work item named Extended Coverage GSM (EC-GSM) for support of Cellular Internet of Things (WI code: CIoT_EC_GSM) was approved, see [1]. One of the objectives of the work item is the following:
“Support for extended coverage GSM deployment in a reduced BCCH spectrum allocation, provided it is shown to be feasible, from 4/12 (2.4 MHz) frequency re-use to 3/9 (1,8 MHz) or 1/3 (600 kHz) frequency re-use, where legacy CS users might not be supported, and add respective normative changes, if any.”
In this contribution, a framework for the feasibility study of EC-GSM in tighter frequency reuse is outlined.
Network scenarios
The WID objective focuses on a network in a narrow spectrum in which legacy CS users might not be supported. A possible use case is a re-farming scenario where the spectrum of a legacy GSM network is reduced in favor of a 3G network (or 4G, assuming VoLTE) that carries the speech traffic. In this scenario, the 3G/4G network can also be expected to carry the majority of the legacy PS traffic, except for devices without 3G/4G support. In particular, there is today a fairly large population of MTC devices that support GPRS only that would continue to be served by the GSM network. Since MTC devices typically have a long lifespan, a GSM network supporting legacy GPRS MTC devices and new EC-EGPRS MTC devices in a narrow spectrum would be an important use case.
The following working assumptions are proposed:
	WA1
	The traffic to be carried by the tight reuse network is MTC traffic.

	WA2
	The network will serve a mix of EC-EGPRS and legacy (E)GPRS MTC devices. 

	WA3
	The traffic models for MAR periodic and Network Command (see [2]) will be used both for EC-EGPRS and legacy (E)GPRS.



The majority of current MTC devices in GSM networks are GPRS capable. Models of GPRS might not be available in all system simulators. However, it is noted that apart from the added support of type 2 HARQ in EGPRS, the traffic channel performance of GPRS is very similar to that of EGPRS MCS-1-4. Further, the performance of the associated control channel used by both data bearers, CS-1, is the same. Hence, it is proposed to model legacy traffic either as GPRS, or EGPRS MCS-1-4 without type 2 HARQ.
For EC-EGPRS MCS-1-4 is mandatory on both DL and UL, while 8PSK modulation and coding schemes are optionally used to provide additional gains in spectral efficiency. MCS-1-4 is chosen to allow a cost-effective device implementation and will be supported by all devices. It is hence proposed that simulations shall be provided assuming MCS-1-4 for EC-EGPRS, with optional evaluations using device capability of MCS-1-9.
	WA4
	Legacy PS devices are modeled by GPRS, or optionally EGPRS MCS-1-4. If EGPRS is used, no IR functionality shall be assumed activated.

	WA5
	EC-EGPRS devices are modeled by EGPRS MCS-1-4 using type 2 HARQ and blind physical layer repetitions. Evaluations assuming MCS-1-9 device support are optional.


Scope of investigations of a tighter BCCH reuse
The BCCH layer serves many purposes, which may be negatively impacted by a tightened reuse, including the following:
1. [bookmark: _Ref432079203]Frequency and time synchronization (FCCH, SCH)
2. [bookmark: _Ref432079209]Cell identification (reading BSIC on SCH) and received signal level measurements for cell reselection purposes
3. System information acquisition (BCCH)
4. [bookmark: _Ref432079440]Common control signaling (RACH, PCH, AGCH)
5. [bookmark: _Ref432079442]User data traffic
Of these, items 1, 4 and 5 were studied during the feasibility study of CIoT. It is proposed to follow the same approach also for studies of tighter reuse for EC-EGPRS. Since item 2 can be expected to have a large impact, cell reselection should be realistically modelled in the system simulations, or alternatively separately investigated with a realistic model.
	WA6
	The impact of a tighter frequency reuse on network synchronization performance shall be investigated for both EC-EGPRS MS and legacy (E)GPRS MS, following applicable parts of the methodology in subclause 5.3.4 of [2].

	WA7
	The impact of a tighter frequency reuse on random access delay shall be investigated for both EC-EGPRS MS and legacy (E)GPRS MS, following applicable parts of the methodology in subclause 5.3.5 of [2], but with the random access delay defined as the time from when the device application triggers a first access request until an access grant ((EC-)AGCH) with a valid random reference has been received.. 

	WA8
	The impact of a tighter frequency reuse on user data traffic performance shall be investigated for both EC-EGPRS MS and legacy (E)GPRS MS. Performance shall be measured following applicable parts of the methodology for capacity and latency in subclause 5.2.1, 5.2.2, 5.3.0, 5.3.2 and 5.3.3. 

	WA9
	The impact of a tighter frequency reuse on cell reselection performance shall be investigated for both EC-EGPRS MS and legacy (E)GPRS MS, either as part of the evaluations of user data traffic performance (WA8) or as a separate evaluation.


Simulation assumptions
Building penetration loss
(E)GPRS devices do not support extended coverage, and existing devices can therefore be expected to be placed outdoor or in other locations with normal coverage. Therefore, building penetration loss should not be applied to legacy (E)GPRS MS.
Further, although the building penetration loss model in the study has been vital to understanding the system capacity under challenging coverage conditions, the four different variants have not provided diverse results to motivate the continuation of using all models in future simulations where BPL is used. It is therefore proposed to only use BPL model 1 with inter-site correlation coefficient 0.5. BPL model 1 is the model based on derived projection from available measurements and building statistics.
	WA10
	No BPL is applied to (E)GPRS.

	WA11
	BPL model 1 with inter-site correlation coefficient 0.5 of [2] is applied to EC-EGPRS.


Device density
The CIoT device density targeted in [2] is assumed to be valid also in studies of tighter reuse. Of these, it is proposed that different fractions are assumed to be legacy (E)GPRS MS.
	WA12
	The target device density per cell (=sector) is the same as in [2] (i.e., 52547 devices per cell).

	WA13
	Different fractions of EC-EGPRS MS and (E)GPRS MS will be investigated.


Other parameters
When nothing else is specified, it is proposed to reuse link level and system level simulation assumptions from [2].
	WA14
	Unless otherwise specified in other working assumptions, the simulation assumptions in Annex C and Annex D of [2] shall be used.


Conclusions
A framework for the feasibility study of EC-GSM in tighter frequency reuse has been outlined.
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