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Impact on EC-EGPRS synchronization performance in a reduced BCCH spectrum allocation
[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 what is referred to as “network synchronization”, i.e. the ability of a mobile to detect a BCCH carrier via the FCCH and (EC-)SCH. This discussion paper gives an insight to the synchronization performance in the three different EC-EGPRS frequency reuse scenarios stated in the WI scope (above).
Background
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 GP-151124 “GPRS synchronization performance in a tight frequency reuse scenario” [5] the same simulator was used to present GPRS synchronization performance in case of frequency reuses 4/12, 3/9 and 1/3. 
In this contribution the same simulator is used to derive EC-EGPRS synchronization performance in the mentioned reuse scenarios. 
[bookmark: _Ref434595095]Simulator configuration
The simulator was configured in accordance to the system simulation assumptions agreed in TR45.820 Annex D [3], and following the assumptions presented in [4] on interference modelling. 
The scenario modelled was a cell reconfirmation scenario, where stationary devices e.g. after waking up from PSM or eDRX attempts to re-confirm its earlier camped on cell. It was assumed that the earlier camped on cell corresponds to the optimal cell from a path loss perspective.
The FCCH detector used to derive the results for EC-GSM in TR 45.820 [3] was re-used during the simulations. The EC-SCH receiver did not rely on IQ combining, but performed soft combining between successive blind physical layer transmissions of the EC-SCH.
Each device was configured to search during at most twelve 51-multiframes for an FCCH and EC-SCH combination. If no EC-SCH was decoded successfully within this search time the attempt was registered as a failure. This is in line with the assumptions used during earlier evaluations.
[bookmark: _Ref440904973]Results
Only results from devices successfully synchronizing within twelve 51-multiframes were recorded, and are presented in the following. Table 1 lists the recorded successful synchronization ratio for the three studied frequency reuses. A high success rate is observed for all scenarios, but a degradation of 1.7 percentage points is noticeable when going from 4/12 and 3/9 reuse to 1/3 reuse.
	Resue
	4/12
	3/9
	1/3

	Success rate
	99.9%
	99.8%
	98.1%


[bookmark: _Ref440898978]Table 1: Successful synchronization ratio.
Figure 1 below depicts the total search time until the EC-SCH is decoded successfully for 4/12, 3/9 and 1/3 reuse. The 99th percentile time until EC-SCH decoding, i.e. completed synchronization, achieved were 0.7, 0.7 and 1.8 second for 4/12, 3/9 and 1/3 reuse, respectively.
[image: ]

[bookmark: _Ref434929871]Figure 1 Total time to synchronization for 1/3, 3/9 and 4/12 frequency resue.
Figure 2 and Figure 3 depicts the overall frequency and timing error after FCCH detection, for devices that successfully decoded the EC-SCH. As seen the impact from going to tighter frequency reuse with respect to residual frequency and timing error is very limited.
[image: ]
[bookmark: _Ref434929884]Figure 2 Synchronization time error after FCCH detection.
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[bookmark: _Ref434929886]Figure 3 Synchronization frequency error after FCCH detection.
In addition to the limited impact it should also be noticed that the above results were achieved already after the FCCH detection. Frequency and time errors after EC-SCH decoding is expected to be even smaller than the results depicted but were not recorded in this set of simulations. 
If should further be noted that these results are achieved without any power regulation on the BCCH layer. Using power control on the BCCH layer should further improve network synchronization performance since the MS is mandated to only use FCCH and EC-SCH for cell (re)selection. That is, a down regulation of other resources on the BCCH carrier would only have the effect of reduced downlink interference.
Discussion
The impact on performance from reducing the frequency allocation and going for a tighter reuse is as shown in section 3 negligible when going from 4/12 to 3/9 reuse. Taking the step to 1/3 reuse has a visible impact on performance, especially on the total time until a device is synchronized. It is believe that this can be explained by the increased interference levels experienced in 1/3 reuse leading to;
· An increased detection rate of FCCHs belonging to neighboring cells and attempts to decode the EC-SCH associated with those neighboring cells. When unable to reconfirm the BSIC of the previously camped on cell the device will reattempt to confirm the BSIC until the maximum search time is reached.[footnoteRef:1] [1:  In this version of the simulator the EC-SCH was only mapped on the wanted cell EC-BCCH carrier. So when attempting to decode the EC-SCH of a neighboring cell the attempt will fail, which will trigger continued search.] 

· An increased bit error rate on the EC-SCH, implying that a device needs to equalize more blind repetitions, and soft combine the same, on the EC-SCH before correctly decoding the block.
During the simulations the number of attempts to decode the EC-SCH was recorded. After a device manages to synchronize to a FCCH it will attempt to equalize seven blind transmissions of the EC-SCH, soft combine the same and call the decoder. Every time this event is recorded a counter was incremented. Figure 4 depicts the CDF over the number of EC-SCH decoding attempts per successful sycnhronization. As expected a clear increase in the number of decoding attempts is seen when the reuse is set to 1/3.
[image: ]
[bookmark: _Ref440918061]Figure 4 Distribution over number of EC-SCH decoding attempts per successful synchronization.
Conclusions
This contribution has investigated the impact on legacy EC-EGPRS synchronization performance in frequency reuse scenarios of 4/12, 3/9 and 1/3. 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 EC-SCH is seen when going to 1/3 reuse. This indicates that a 1/3 frequency reuse may prove challenging for EC-EGPRS. Still, the 99th percentile synchronization time in case of 1/3 re-use is 1.8 sec implying that the system is still operable at these high re-use factors. Means to improve the situation has not been taken into consideration, such as BCCH power control.
For future work is to implement a BSIC plan for the simulated system to be able to map also EC-SCH on interfering cells. It is also the ambition to enable frequency reuses between 1/3 and 3/9 to with higher granularity establish the impact from interference on system performance. It will also be of interest to study how BCCH power control can improve the situation.
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