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GPRS synchronization performance in a tight frequency reuse scenario
[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. In GP-151123 “Simulator for investigation of GPRS and EC-EGPRS synchronization performance” [4] a new simulator dedicated to investigate GPRS, and EC-EGPRS, network synchronization is introduced. In this contribution the same simulator is used to derive legacy GPRS synchronization performance in 4/12, 3/9 and 1/3 reuse scenarios.
[bookmark: _Ref434595095]Simulator configuration
The simulator was configured in accordance to the TR45.820 Annex D [3], and following the assumptions presented in [4]. In total four co-channel interferers and eight adjacent channel interferers were modelled. As only legacy GPRS devices were investigated the following new settings are worth highlighting;
· The MS antenna gain was set to 0 dBi, as proposed in [2].
· Building penetration loss was turned off, see [2].
· The cell radius was set to 2500 meter[footnoteRef:1] to reach a desired Maximum Coupling Loss of 144 dB, see [2]. [1:  The Inter Site Distance (ISD) equals 7500 meters.] 

Two types of simulations were performed;
· A full simulation were in total ~10 000 synchronization attempts from users spread out over the entire cell grid was simulated.
· A simulation where only devices experiencing a range of coupling losses between 144 and 141 dB is studied [2]. In total ~1000 synchronization attempts in this range was simulated.
Each device was configured to search during at most two 51-multiframes for an FCCH and SCH combination. If no SCH was decoded successfully within this search time the attempt was registered as a failure. Feedback from device vendors on maximum allowed search time, and behavior in case of failure is encouraged and greatly appreciated.
Results
Figure 1 below depicts the total search time before SCH is decoded successfully, i.e. when the device is synchronized, for 4/12, 3/9 and 1/3 reuse. The first observation to make is that the overall success rate is presented in the figure legend and equals 99.9% in 4/12 reuse, 99.9% in 3/9 and 98.4% in the 1/3 reuse scenarios.
The 99th percentile time until synchronization achieved were 0.15, 0.2 and 0.4 second for 4/12, 3/9 and 1/3 reuse, respectively.
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[bookmark: _Ref434929871]Figure 1 Total time to synchronization for 1/3, 3/9 and 4/12 frequency resue.
Figure 2 and Figure 3depicts the overall frequency and timing error after FCCH detection, for devices that successfully decoded the SCH. As seen the impact from going to tighter frequency reuse with respect to frequency and timing error is limited for these devices.
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[bookmark: _Ref434929884]Figure 2 Synchronization time error after FCCH detection.
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[bookmark: _Ref434929886]Figure 3 Synchronization frequency error after FCCH detection.
As part of the proposed working assumptions in GP-151104, “Intended scope for reduced spectrum allocation on BCCH evaluation” [2]  is to give special attention to the coupling loss of 144 dB, which in accordance to the TR 45.820 is the reference Maximum Coupling Loss of a legacy GPRS device. To fulfill this working assumption, the total time to synchronize (i.e. successfully decode the SCH), and the time and frequency error characteristics for devices in the coupling loss range of 141 to 144 dB is depicted.
Most important to notice is that in this extreme legacy GPRS coverage range 99.8% , 99.4% and 93.5% of all devices managed to synchronize for 4/12, 3/9 and 1/3 reuse, respectively. And the worst case time to SCH decoded was 0.34, 0.37 and 0.45 second for 4/12, 3/9 and 1/3 reuse, respectively, at the 99th percentile in the CDF below.
The impact on time and frequency error was again small.
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Figure 4 Total time to synchronization for 1/3, 3/9 and 4/12 frequency resue, in coupling loss range 141 – 144 dB.
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Figure 5 Synchronization time error after FCCH detection, in coupling loss range 141 – 144 dB.
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Figure 6 Synchronization frequency error after FCCH detection, in coupling loss range 141 – 144 dB.
Discussion and conclusions
This contribution has investigated the impact on legacy GPRS synchronization performance in frequency reuse scenarios of 4/12, 3/9 and 1/3. Special attention was given to the range of coupling losses between 141 and 144 dB. The performance is as expected similar for 4/12 and 3/9 reuse. A clear impact on the ratio of successful synchronization attempts as well as on the total time to decode the SCH is seen when going to 1/3 reuse. This indicates that a 1/3 frequency reuse may prove challenging to already deployed legacy GPRS devices. 
Feedback on how a legacy devices act when failing synchronization is appreciated, as it may allow the sourcing company to detail the investigation further.
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