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Simulator for investigation of GPRS and EC-EGPRS synchronization performance
[bookmark: _Ref396137062]Introduction
At GERAN#67 a new Work item on Extended Coverage GSM (EC-GSM) was approved, with the main objective to introduce Extended Coverage EGPRS (EC-EGPRS) into the GERAN specifications.
The objectives in the EC-GSM WI have been inherited from the GERAN study item on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (FS_IoT_LC) [3], with one exception; The EC-GSM WI also intends to investigate the following objective: 
“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.”[1]

One important piece in the puzzle to achieve support for a deployment in a tight frequency reuse is to investigate network (NW) synchronization, i.e. the ability of a mobile to detect a BCCH carrier via the FCCH and (EC-)SCH. 

The purpose of this discussion paper is to describe a new simulator dedicated to investigate GPRS, and EC-EGPRS, network synchronization[footnoteRef:1].  [1:  Network synchronization is in this regard referring to the MS attempt to synchronize to the network.] 

Requirements
In GP-151104 “Intended scope for reduced spectrum allocation on BCCH evaluation” [3] the scope of the work to investigate a reduced BCCH spectrum deployment is outlined in the shape of proposed working assumptions. For NW synchronization WA6 to WA6.1.4, presented below, is of relevance for the scope of the work and the herein described simulator. 
	WA
	Content
	Status

	WA6
	The impact of a tighter frequency reuse on network synchronization performance shall be investigated for both EC-EGPRS MS and legacy GPRS MS.
	Agreed at telco #1

	WA6.1
	Network synchronization performance shall be investigated 
· For a relevant range of coupling losses  [TBD],
· with realistic interference models [TBD] where SINR levels are reflecting the assumed and relevant network parameters, such as frequency reuse, and,
· where the logical channels are correctly mapped on both wanted and interfering signals
NOTE: Time offset between cells needs to be defined.
	Agreed with modification at telco #1

	WA6.1.1
	For EC-EGPRS, performance at coupling losses 164 dB, 154 dB and 144 dB shall be investigated.
	New

	WA6.1.2
	For legacy GPRS, performance at coupling loss 144 dB shall be investigated.
	New

	WA6.1.3
	Interference models shall capture expected interference types, including co- and adj-channel interference as well as thermal noise, and signal levels expected in a GSM system for the investigated frequency reuse. 
	New

	WA6.1.4
	The timing of each BCCH carrier is assumed to be random and uniformly distributed.
	New

	WA6.2
	Except for what is stated in WA6.1, the definitions, assumptions and metrics specified in subclause 5.3.4 of [2] shall be followed when investigating network synchronization performance.
	Agreed at telco #1


[bookmark: _Ref434858776]Table 1 Working assumptions giving the scope to the NW synchronization investigation [2].  
To perform investigations in accordance to the above table the simulator used in the EC-GSM synchronization evaluations have been updated.  The new simulator is described in section 3.
[bookmark: _Ref434595095]Simulator description
General
In the FS_IoT_LC SI synchronization performance was investigated in a sensitivity limited scenario to capture performance at the coverage limit of the proposed candidate solutions. Results for EC-EGPRS are captured in sub-clause 6.2.6.1 of TR 45.820 [3].
The scope for the EC GSM WI is expanded compared to the FS_IoT_LC SI, in that performance in tight frequency reuse is to be investigated. It is therefore expected that sensitivity limited simulations is not sufficient to capture effects expected on synchronization performance from interference due to tightening the frequency reuse. 
The EC-EGPRS simulator has therefore been integrated in a network simulator where a full (EC-)GSM system can be configured and interference generated accordingly. To align with the work done during the FS_IoT_LC SI the network is in general configured in accordance with the settings agreed for system level simulations captured in Table D.1. “Assumptions for system level simulations” in TR 45.820 [3].
It is further required to, in addition to EC-EGPRS, also study legacy GPRS performance. 
In the following sub-sections a few of the most important aspects of the working assumptions listed in Table 1 is outlined in the context of the new simulator.
Relevant range of coupling loss
[bookmark: _GoBack]In the FS_IoT_LC SI a inter site distance of 1732 meter, corresponding to a cell radius of 577 meter, was modelled. When combining the distance dependent path loss with shadow fading and building penetration loss (BPL), a Maximum Coupling Loss (MCL) of 164 dB was targeted, and achieved with EC-EGPRS.
When investigating impact on legacy devices it is assumed that BPL does not apply, and that the antenna gain is set to 0 dBi. Note that loss of 4 dB was assumed in the FS_IoT_LC SI for EC-EGPRS devices due to the ultra-low cost and small form factor. As a result the MCL achieved with a cell radius of 577 m will not reach the desired 144 dB. To model the maximum coupling loss for legacy devices, the cell radius is proposed to be increased to 2500 meter. With this proposal, and taking a lognormal shadow fading component, with a standard deviation of 8 dB, into account, roughly 0.5% of all devices will be at 144 dB coupling loss and beyond.
[image: ]
Figure 1 Coupling loss at a cell radius of 2500 meters.
[bookmark: _Ref434865167]Realistic interference model
In the simulator, a network is laid out according to the chosen configurations and a number of users are spread out over the system. For each user, the best serving cell, as well as all interfering cells, are found. Co-channel, and adjacent-channel (on both sides of the carrier) interferer types and levels are identified. For each synchronization attempt, a wanted signal and a set of interfering signals are generated which are all independently faded and scaled with the applicable BS-to-MS gain (excluding fast fading). Thermal noise from the receiver is also added to the signal to model the radio environment as experienced by each user in the system. The signals are represented by an oversampled IQ trace, generated from a number of 51-multiframes (MF) with a frame structure according to the BCCH carrier.
At most 2n-2 adjacent interferers are generated in the simulator, where n equals the number of clusters configured. The number of co-channel interferers is at most n-1. To get sufficient statistics it is useful to simulate a system containing e.g. at least nine clusters. In such a system up to eight co-channel, eight adj.-plus and eight adj.-minus interferers may exist. Modelling all these interferers are however time consuming, and make the simulation work impractical. It is hence desirable to minimize the number of modelled interferers, while not sacrificing result accuracy.
Figure 2 shows the overall DL SINR CDF for a 1/3 frequency reuse system built on nine clusters. Each curve depicts the total SINR taking the x strongest co-channel, x strongest adj.-plus, x strongest adj.-minus and thermal noise into account. It can be seen that modelling only the four strongest co-channel, four strongest adj.-plus, four strongest adj.-minus channel have a small impact on the overall SINR characteristics. The median value is e.g. impacted less than 0.5 dB compared with modelling the eight strongest co-channels, eight strongest adj.-plus, and eight strongest adj.-minus channels. At the important tail of the CDF approaching the lower SINR range the difference between the curves diminish further.
[image: ]
[bookmark: _Ref434847725]Figure 2 DL SINR CDF for 1 to eight interferers modelled in a 1/3 reuse system.
To evaluate the impact from the number of modelled interferers on actual network synchronization performance more in detail, a full simulation was run. Again a 1/3 frequency reuse system was studied, where the number of modelled interferers was varied. The system was configured in accordance with Annex D of TR 45.820 [3] with the exception that 100% legacy GPRS users was simulated meaning that BPL was turned off and MS antenna gain was set to 0 dBi. The cell radius was set to the proposed 2500 meter. 
To compensate for the loss in interference energy, seen in Figure 2, when a reduced set of interferers are modelled an energy scaling of the modelled interferers was introduced so that the total energy remains unaffected by the number of modelled interferers. 
Figure 3 depicts the time to synchronization for between one and six modelled interferers of each interferer type. It can be seen that the results are fairly insensitive to the modelled number of interferers. It seems to be the interfering energy that is of highest relevance for the time until synchronization. This may be explained by the simple energy detector used to detect presence of a FCCH burst. More details on the detector are given in sub-clause 3.5.
In section 6 Annex, results for time and frequency error after FCCH detection is presented. Also these results suggest that a reduced number of interferers can be modelled with limited and acceptable impact on accuracy. 
It can be noted that 5000 synchronization attempts was run when generating Figure 3, which explains the somewhat unstable performance depicted.
[image: ]
[bookmark: _Ref434925931]Figure 3 Time to synchronization in a 1/3 frequency reuse network, for variable number of modelled interferers. 
Mapping and timing of logical channels 
To mimic real network performance the 51-MF structure is mapped on both wanted signal and on each modelled interferer. Support for both GSM 51-MF containing the FCCH and SCH and mapped on Time slot 0 (TS) and the EC-EGPRS 51-MF containing the EC-SCH mapped on TS 1 is implemented.
The starting frame number for each modelled carrier and interferer is selected randomly and is uniformly distributed. 
[bookmark: _Ref434966998]Detector
The EC-EGPSR FCCH detector and EC-SCH decoder have been inherited from the studies performed during the FS_IoT_LC SI on EC-GSM and captured in the TR 45.820 in sub-clause 6.2.6.1 [3]. EC-SCH performance is based on the so called alternative EC-SCH design where the requirement on phase continuity has been removed.
The GPRS FCCH detector is just as the EC-EGPRS version built around a FFT module computing the energy in frequency bins of gradually finer granularity. To keep the computational complexity low the FFT is implemented as a sliding DFT working on a four times down sampled signal. To make the detector insensitive to path gain, and to follow fading variations the energy in frequency f and burst b is calculated relative the energy in frequency f and burst n-1. If this relative energy exceeds a configured threshold it is assumed a FCCH is found. A know offset to the closest SCH is added, and the SCH is extracted and decoded. If the CRC fails, the search continues for the next FCCH instance.
Feedback from GERAN WG1 on the relevance of the approach taken to model network synchronization of legacy devices is encouraged.
The performance of the SCH decoder for a TU1.2 channel is presented below.
 [image: ]
Table 2 SCH TU1.2 performance in sensitivity limited scenario.
Typical output from the simulator are time to first (EC-)SCH decoding, as depicted in sub-clause 3.3, and residual frequency and time error, as depicted in Annex 6, for legacy GPRS devices in a 1/3 frequency reuse scenario.
The false detection rate performance of the detector was also investigated. In simulation with random input a false detection rate of 9x10-5 was recorded for 25.000 iterations, where each iteration lasted two 51-multiframes.
Discussion and conclusions
This paper introduces a simulator dedicated to evaluation of GPRS and EC-EGPRS network synchronization. The relation between the simulator and the proposed working assumptions for investigating a tight frequency reuse is elaborated upon. A new cell radius of 2500 meter is proposed to be used to ensure that the maximum coupling loss for legacy GPRS devices is captured. Typical output from the simulator are presented for a 1/3 frequency reuse network in a scenario where a device wakes up and reconfirms its FCCH and SCH. 
The sourcing company believes this simulator serves as a good basis to model network synchronization procedures in a tight frequency reuse network, but also understands that the results presented here are linked to the scenario investigated as well as the FCCH detector implemented and the (EC-)SCH performance modelled. Comments and input on scenarios of interest to investigate as well as typical mobile behavior when synchronizing to a network are therefore most welcome.
More results are presented in [4] where performance in a 1/3, 3/9 and 4/12 frequency reuse network is investigated.
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Figure 4 Time synchronization error in a 1/3 frequency reuse network, for variable number of modelled interferers.
[image: ]
Figure 5 Frequency synchronization error in a 1/3 frequency reuse network, for variable number of modelled interferers.
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