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On modeling repeated interference in system level simulations 
[bookmark: _Ref413203676]Introduction
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 important feature of the work is to introduce blind transmissions to extend coverage for different logical channels. 
At the 2nd telco on EC-GSM and eDRX it was raised that special consideration might be needed in modeling repeated interference in system level simulations. A contribution was also submitted to the 3rd telco on EC-GSM and eDRX to continue the discussion.
In this contribution, the modeling of this aspect in different system level simulations used by the sourcing company is outlined.
System simulators
General
[bookmark: _GoBack]Three different simulators are used by the sourcing company to evaluate system level performance with the EC-EGPRS feature.
Network synchronization procedures[footnoteRef:1] [1:  Here referring to the MS procedure of synchronizing to the network. Not to be confused with the synchronization of cells within the network.] 

In case of evaluation of network synchronization, including FCCH and (EC-)SCH, a system simulator modeling oversampled IQ samples from different neighboring cells is used, see [3]. In effect, this simulator can be seen as integrating a link simulator object for each synchronization attempt. With this level of detail on system level, effects like coherent repetitions will be taken into account by the simulations performed.
One can note that in earlier investigations presented of network synchronization, see [4], EC-SCH mapping has not been used when modeling neighboring, interfering, cells, implying that a level of modeling has not been taken into account that could have an impact to network synchronization performance relating to repeated interference. Especially this would be true if cells are time synchronized (EC-SCH overlapping from multiple cells). However, with the synchronization algorithm used on the FCCH which does not rely on coherent detection, and an EC-SCH acquisition solely based on soft bit combining, the impact from repeated interference is not expected to have an impact on the presented result in this regard. Different conclusions could be reached if other algorithms would have been used in the networks synchronization.
The network synchronization level assumed in the simulations have been a random symbol offset between cells.
EC-CCCH procedures
To evaluate EC-CCCH procedures (EC-RACH and EC-AGCH) a similar approach has been taken as for the network synchronization, i.e. that the physical layer in the whole system is modeled on IQ level, see [5]. Hence, in all results presented so far all aspects of coherency and repeated carrier/interferer have been modeled. In these simulations, all carrier signals that are repeated will also be modeled as repeated interferers and hence potentially cause issues with reduced processing gain from the repetitions.
It has further been assumed that all EC-CCCH coverage classes within the same cell and interfering cells are fully overlapped in time.
Data capacity evaluations
General
When evaluating the traffic model of MAR periodic/network command/Application Ack a system simulator with detailed protocol modeling has been used, which, on the radio interface involves modeling of EC-PACCH and EC-PDTCH. So, far the effect of repeated and coherent carriers have been modeled, see[7], but not the effects from repeated interference.
The system simulator used for data capacity evaluation use a network wide timeslot alignment with a random timeslot offset between cells. 
Model for coherent repeated interference
A model is proposed to be included that assumes ideal processing gain for the interference (i.e. worst case modeling), in case repeated and coherently transmitted. In addition, CCI and ACI is not distinguished, hence both type of interferer energies will experience ideal processing gain. This should typically not apply for ACI due to the rotating ACI signal. I.e. if the receiver is assuming blind coherent accumulation across TSs the adjacent channel interferer will not be coherently accumulated. Still, this is modeled as coherent interference for simplicity.
In the simulations, interferer energy is calculated on a per burst basis, see [6]. With the new model, interfering energy coming from repeated interference is increased by a factor of four, under the condition that the carrier is of CC2, CC3 or CC4 (i.e. the user itself is using blind transmissions).
Taking a simple example of the four TS of a TDMA frame, assuming the carrier power to be 1 and interfering energy to be 2, the current SINR model of repeated interference, see [RR], would model the SINR with a four times increase in power for the carrier per doubling in transmissions, while the interferer would only increase in power by a factor two when the number of transmissions is doubled (in the example discarding any impact from the thermal noise) as:

With the modified SINR model also the interferer will increase its power by a factor four two when the number of transmissions is doubled, so the SINR used in the link-to-system mapping is instead

I.e. the processing gain in the reception of a coherently repeated carrier will be cancelled out completely by the processing gain in the reception of a coherently repeated interferer.
It should be noted that the model if applied as above is modeling all interference as fully overlapping, i.e. a partly overlapping assignment of blind transmissions between cells is not considered. It can thus be seen as a pessimistic model.
Impact from interference model
Earlier investigations have been re-run with the new model in place. The most challenging scenario from the modeling perspective has been used for the investigation:
· DL: 33 dBm MSs, i.e. more users in extended coverage on the DL.
· UL: 23 dBm MSs, i.e. more users in extended coverage on the UL.
Simulations from [7] have been re-produced, see Table 1.
[bookmark: _Ref440973221]Table 1:	Simulated scenarios and results for EC-PDCH. Repetitions per CC [1,4,8,16].
	Interferer model
	CIoT device
output 
power
[dBm]
	Average
Resource
Usage
UL [#TS]
	Failed attempts
[%]
	Out of coverage
[%]

	OFF
	33
	0.9 
	0.1
	0.05

	ON
	33
	0.9
	0.1
	0.05

	OFF
	23
	2.0 
	0.4
	0.8

	ON
	23
	2.0
	0.4
	0.8



As can be seen, the impact on performance is not visible in this scenario. This conclusion could however change when investigating a more tight frequency re-use where more users typically would be in extended coverage, and interference more likely to be repeated. It is hence proposed to, as default, apply the above interference model for simulations in a tight frequency re-use.
Table 2 summarizes the UL CC distribution for EC-PDCH. For the 33 dBm devices 96.9 % of all users are in normal coverage. The corresponding number for 23 dBm devices is 87.4 %.
[bookmark: _Ref442797080]Table 2:	EC-PDCH CC distribution for 33 and 23 dBm device output power.
	UL 
Coverage
Class
	Distribution of users [%]

	
	CIoT device output power [dBm]

	
	33
	23

	1
	96.9
	87.4

	2
	2.2
	7.9

	3
	0.5
	2.2

	4
	0.4
	2.5


Conclusions
A model to be used for tight frequency re-use simulations have been proposed that assumes ideal processing gain for coherent repeated interference (both CCI and ACI). It could be considered to refine the model to exclude ACI considering the rotation introduced by the frequency offset that would destroy the coherency between repetitions.
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