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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].
One objective is to “Scale to support a massive number of MTC Mobile Stations”, this is evaluated by system level simulations in the study. 
One part of the system level evaluations is to use an accurate model of the link level performance.
This paper describes the methodology used for the EC-RACH evaluations for EC-GSM.
The paper is an update of GPC150193 presented at the 2nd Ad Hoc on FS_IoT_LC, see [2]. In the discussions relating to the document, it was requested to also look into the performance accuracy of adjacent channel interference, as well as look into the performance for normal burst EC-RACH (used by the ASAP feature, see [3]). These results are provided in this update of the document. 
It should however be noted that due to the nature of the modeling approach, incorporating a link simulator object in the system level simulator, it is not of interest to look into the verification of different scenarios unless they are expected to be more impacted by the simplifications made, see Section 3.2, in the modeling compared to already verified scenarios. I.e. the focus of the methodology and related simulations is primarily to evaluate the impact of the simplifications done compared to running a full-fledge link simulator for each radio link.
Traditional modeling
In system simulations, traditionally the link level performance is modeled by one or several mapping tables. In GSM, a common way of mapping performance from instantaneous C/I values to Block Error Probabilities (BLEP) is to use a two-stage mapping. 
The first stage maps instantaneous C/I per burst to rawBER. This will consider impairments of different kinds, demodulator performance etc. At least one mapping per modulation is required. For more advanced receivers (that use for example interference suppression) more than one mapping table is required.
The second stage maps the mean and standard deviation of the rawBER values of the different bursts (four bursts in case of a radio block) to a BLEP. This is to reflect the impact of the channel coding of the MCS. Typically one mapping is required per MCS.
The limitation with this approach is that for more advanced scenarios more advanced mapping tables are needed, with more challenging verification scenarios.
The EC-RACH investigation is potentially a more advanced situation to model with traditional models. Hence, a more sophisticated approach is used.
Methodology
Principle 
Instead of using several mapping tables as described above, a methodology is used where the link simulator is integrated in the system, so that a link simulator object is used for each radio link.
Effectively this can be seen as running thousands of parallel link level simulators, each with unique interferer profiles per transmitted block.
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General
Significant increase in computational complexity is expected when comparing the use of a link level based methodology compared to a mapping based methodology. Instead of basically handling a few scalars, and doing one or more table look-up(s) per user, signals are modeled down to IQ-sample level with channel propagation and demodulation of each block.
Hence, some simplifications are used to speed up the simulation time. Some general description is also provided below on interference modeling
Interferers
Interferer types
Only CCI (Co-Channel Interference) and first adj-channel interferer is modeled by the link simulator. Thus, any higher order adj-channel interferers are discarded. This is no different from legacy L2S mapping procedures for GSM.
The interferer bursts are all modeled with random bits in the TSC symbol positions to model a non-synchronized network. Also, this is typically what is used in legacy L2S mapping procedures for GSM when generating the mapping tables.
Minimum number of interferers
In a system simulation there are typically a significant number of interferers experienced by each radio link. Due to the frequency re-use of the system, interferers at longer distance to the receiver will generally have lower gains. How different number and types of (e.g. co-channel and/or adj-channel) interferers impact the receiver performance is very dependent on the receiver architecture.
In conventional L2S mappings all interferers are typically converted to a corresponding co-channel interferer power and the L2S mapping only takes into account a total interferer power. For more advanced receiver architectures, utilizing e.g. some kind of interference suppression, this approximation is too coarse and the L2S mapping model need to be extended with e.g. the number of interferers, type of interferers and relative power of the interferers.
By integrating the link level simulator in the system level simulator the problem of correctly capturing these effects is no longer a concern. However, modeling all interferers in a system will require unnecessary processing power without adding value to the evaluation of the receiver performance.
The minimum number of interfering bursts that needs to be generated for each carrier burst is set to a fixed number per interfering class. 
‘Class’ is here referring to any difference in Tx-characteristics between interferers and/or interferer types. Thus, an EC-RACH CCI using a single transmission would be classified as a different class compared to a EC-RACH CCI using two transmissions. 
The minimum number used in the evaluations is set to three interferers per class.
So, for example, one possible combination could be:
3 {CCI, 1 Tx} + 3 {CCI, 2 Tx} + 1 {CCI, 4 Tx} + 3 {ACI+, 1 Tx} + 3 {ACI-, 1 Tx} + 1 {ACI-, 2 Tx} = 14 interferers modeled.
Requirement on modeled energy level
An additional requirement on the total interfering enery level in each class is also added. This is to ensure that at least a certain amount of the energy in each class is modeled. This would primarily ensure performance accuracy in cases where the number of interferers is higher than the minimum number modeled and the interferers are at similar signal levels. The requirement of minimum modeled energy will also result in interferers with low energy to be discarded but the total interfering level remain unchanged. 
Conservation of energy
Both when limiting the interferers based on a fixed number and/or a requirement on modeled energy level it is always the momentary, faded energy level that is used.
Further, in order to conserve interferer energy the remaining interferers are scaled based on the residual interferer power discarded per each class. Hence, no interference energy is lost, only the number of signals used to model the interference.
Example
The following example illustrates the interferer limiting functionality if assuming that both the requirement of minimum number of interferers (3) and the requirement on minimum modeled energy (90%) are used.
In this example, the model ends up with the following interferer scenario after limitation of interferers:
4{CCI, 1 Tx} + 3 {CCI, 2 Tx} + 3 {ACI+, 1 Tx} + 3 {ACI-, 1 Tx} = 13.
ADJ-channel -200 kHz (A-) 
The number of interferers is three so the requirement on minimum interferer number asserts that all are modeled.
CO-channel (CO)
The number of GMSK interferers (1st class) is five. The three strongest interferers only model 60% of the total energy of all GMSK interferers and the four strongest model 95% of the total energy. Thus, four interferers are modeled in this class due to the requirement on modeled energy (the fifth discarded). Further, the conservation of energy requires the four interferers to increase their energy to conserve the total interfering energy of the class.
Three GMSK interferers are present using 2 transmissions (2nd class). Due to the minimum requirements of modeled number of interferers, all are modeled.
ADJ-channel +200 kHz (A+)
There are four interferers in total of the same class. The two strongest model 96% of the total energy but due to the minimum requirement of number of interferers, the three strongest ones are modeled. Further, the conservation of energy requires the three interferers to increase their energy to conserve the total interfering energy of the class.
    A-	   CO     A+
Carrier
EC-RACH, 1 Tx
EC-RACH, 2 Tx
    A-	   CO     A+
Interferer limit.
Discarded interferers due to nr limit or energy req. / modeled energy req.
Signal levels before conservation of energy req.

Figure 1. Example of interferer limitation from signal levels (incl. fast fading).
Oversampling
An oversampling rate of four has been used for evaluation of the link performance.
Pre-generation of bursts
To avoid the rather computational-heavy propagation of the radio channel of each user to each base station (this is needed for each carrier, but also for every interfering burst), pre-generation of bursts are used with the assumed channel propagation profile (TU 1.2 km/h).
Since the EC-RACH is a single block transmission (i.e. a user will only transmit one block and then turn to the CCCH DL to look for an assignment), with a time interval in-between attempts that exceed the time coherency of TU1.2, the generation of bursts will follow TU1.2 within a repetition interval, but a new channel realization is used between each repetition interval. This is illustrated in Figure 2. As can be seen, separate channel realization and channel variation (horizontal solid lines) are propagated over each repetition interval (4 bursts), but for each repetition interval, a different realization is done.
[image: ]
[bookmark: _Ref415586268]Figure 2. Pre-generation of EC-RACH bursts 
Results
Simulation assumptions
Link level assumptions are listed in Table 1.

[bookmark: _Ref274661437]Table 1. Link level simulation assumptions
	Parameter
	Value

	Propagation condition
	TU1.2nFH

	MCS
	EC-RACH, 11-bit access
EC-RACH, Normal burst 48-bit access.

	Impairments
	Typical Tx/Rx

	# transmissions
	1

	Frames
	100,000

	Number of pre-generated bursts
	100,200,500,1000

	Min. interfering energy modeled
	20%, 40%, 60%, 80%, 100%

	Min. number of interferers modeled
	1, 2, 3

	Seeds
	20 different



Interferer scenarios used in the link level evaluation are described in Table 2.
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	Interferer 
scenario
	Interfering
signal
	Rel. power 
level
	TSC

	CCI-X
	CCI 1
CCI 2
…
CCI X
	0 dB
0 dB
…
0 dB
	none
none
…
none

	ACI-X
	ACI 1
ACI 2
…
ACI X
	0 dB
0 dB
…
0 dB
	none
none
…
none



The interferer model used is mostly used to construct a pessimistic scenario for verification. It should be noted that due to the methodology used, any interference scenario will be correctly modeled, and hence this is only to force a worst case scenario in terms of evaluating the impact on the limitation of number of interferers used, and in this regard, the scenario with equal power of all interferers, and having all interferers of the same type, is the scenario most impacted by the limitation.
All simulations are run with 20 different seeds when generating the bursts for the integrated link simulator. From the outcome of the simulations, a root mean square error is calculated to get an understanding of the modeling error caused by the simplification seen.
Sensitivity limited performance
The sensitivity performance for different number of pre-generated bursts has been used to understand the impact on the root mean square error (RMSE) introduced by the simplifications used.
As can be seen from Figure 3, using 1000 pre-generated bursts causes a RMSE of around 0.2 dB over the 20 seeds generated. This is seen as more than enough to model accurate EC-RACH performance, and hence is assumed to be used in all system level simulations.
[image: ]
[bookmark: _Ref415749083]Figure 3. Sensitivity performance.
Interference limited performance
For the interference scenarios, more diversity is collected within one simulation due to the interference diversity and hence the conclusion from the sensitivity simulations of 1000 pre-generated frames is used in all simulations.
In Figure 4, various CO-X scenarios have been simulated for EC-RACH. This is considered to be a worst case scenario in terms of the number of interferers needed to model correct link level performance. The structure of the interfering signal is most impacted if the interfering levels are similar for the different interferers.
The number of external co-channel interferers has been set between 3 and 9 and different requirements on minimum level of total modeled signal energy have been scanned. 
The reference performance is the true performance from the link level simulator.
In the figures the performance difference (y-axis) is compared at 10% EC-RACH BLER to the performance with no limitation on interferers.
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[bookmark: _Ref274662028]Figure 4. Different CO-interferers with one (top), two (middle) and three (bottom) minimum number of interferers assumed. 
As can be seen, the RMSE of the performance from the integrated link simulator simplifications is very much dependent on the minimum number of interferers assumed to be modeled, as well as the requirement on minimum interfering energy modeled.
There are several safe assumptions that can be made to limit the complexity in the simulations, and at the same time ensure a good enough performance.  
Also the single adjacent channel performance has been investigated, but in this case only a minimum number of interferers equal to three have been assumed. The results are shown in Figure 5.
[image: ]
[bookmark: _Ref419633013]Figure 5. Different ADJ-interferers with three minimum numbers of interferers assumed.
As expected, the performance is well aligned with the true performance when no simplifications have been assumed (to speed up the simulations, see Section 3.2), an sufficient energy is modeled.
In addition, also the normal burst based EC-RACH performance is confirmed in a Co-channel limited scenario.
[image: ]
Figure 6. Different CO-interferers with three minimum numbers of interferers assumed for normal burst EC-RACH.
Based on these results it is concluded that for system level simulations, the minimum number of interferers can safely be set to 3, and the minimum modeled energy to 90 % in order to correctly model link performance. In the worst case scenario considered here, this ensures a RMSE modeling error of around 0.1 dB for CCI, and 0.2 dB for ACI.
Conclusion
A methodology for integrating a link simulator in system simulations has been described, with the intention to be used for EC-RACH capacity evaluations. 
With this methodology there are no issues modeling the receiver performance and thus verification is focusing on the simplifications done compared to a full-fledged link level simulator for all radio links in the system. These simplifications include a limited set of pre-generated bursts and a reduction in the total number of interferers modeled per burst.
It is concluded that:
· The sensitivity limited scenario can be modeled with a RMSE accuracy of 0.2 dB if 1000 pre-generated frames are used.
· The worst case (from a modeling point of view) interference scenario can be modeled with an accuracy of 0.1 dB if a minimum of 3 interferers are modeled, and at the same time at least 90 % of the interfering energy is modeled.
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