Cell Selection with Full Band FCCH Scan for EC-GSM-IoT
[bookmark: _Ref396137062]Introduction
At GERAN#67 a new Work item on Extended Coverage GSM (EC-GSM) was approved, now ~90% completed and known as EC-GSM-IoT.
In GP-160091 [2] the legacy FCCH deemed inadequate, an EC-FCCH design was proposed to considerably reduce cell synchronization time and in turn battery consumption.
The present document raises a main concern with defining a new EC-FCCH as opposed to reusing the legacy FCCH, and suggests a way forward based on the legacy FCCH to also tackle the problem outlined in [2]. 
Background
[bookmark: _Ref434595095]The legacy cell selection procedure is specified such that a device first scans RSSI for all ARFCNs to obtain a candidate list[footnoteRef:1] with relatively high RSSI. The device then starts to synchronize FCCH and SCH starting from the strongest RSSI within this list. [1:  Candidates are those ARFCN with RSSI larger than specific threshold in RSSI scan.] 

In [2], the FCCH scan time is calculated based on the 99% detection rate at -6.3dB SNR, which is 10 51-MF (2.4 seconds). This result in an estimated total of ~40 minutes FCCH scan time in the worst case, which indeed is too large not least because it makes long battery life impossible. The power consumption is 1.3% of total battery energy, and 5Wh battery only supports 80 times full band search. Thus EC-FCCH was proposed [2][3]. However, the compatibility with legacy devices on the field has been overlooked; the risk for false detection with any new “FCCH” design exists that should not be neglected. The false detection on EC-FCCH would cause legacy devices SCH decoding failure, where a candidate ARFCN is given up. Longer cell selection time is expected, and devices might camp on a cell which is not best signal quality. 
Impact of EC-FCCH on legacy devices
FB synchronization requires tone detection within a +/-18KHz window centered at 67KHz where the legacy FCCH tone is located. EC-FCCH tone is located at -17KHz, 84KHz apart from legacy FCCH. This however can result in false FCCH detection and subsequently bad cell reporting for legacy devices hence discarding a possibly valid ARFCN. This could happen in any operation that requires cell selection, e.g. power on, reboot, switch from flight-mode, and user moving away from no signal area. Specifically
1. In urban area, where more serving cells surround the MS, a longer synchronization time is expected due to bad cell report of first one or two ARFCN FB detection. Also, the synchronized cell might be with a poorer signal quality.
2. In rural area, where less serving cells surround the MS, a much longer synchronization time is expected if few candidate ARFCNs are in the candidate list. A worst case scenario of only 1 serving cell, there is 20s~30s synchronization time extension to be expected.
Proposal
This document proposes an all-band[footnoteRef:2] FCCH scan[footnoteRef:3] to reduce the cell selection time for devices in extended coverage whilst relying on the legacy procedure for devices in normal coverage (i.e. cell selection using RSSI scan). For all-band FCCH scan, as depicted in figure 1 and figure2, instead of searching for a Frequency Burst (FB) of same ARFCN once, the device may apply an interleaved search for FB for multiple ARFCNs to get time diversity as follows; several ARFCNs are grouped with an interleaving interval between ARFCNs larger than 11 TDMA frames. For the same ARFCN the potential FBs are then compared in time and frequency to reduce false detections; no impact on memory usage is expected, though additional processing/control is anticipated to have marginal overall impact on complexity. A candidate list[footnoteRef:4] is obtained by FB detection. Then the MS starts synchronizing FCCH and EC-SCH starting within this list. [2:  All 4 bands i.e. 900, 1800, 850, 1900]  [3:  FCCH scan: tone detection is used on certain ARFCN to search for FB (frequency burst) only. ]  [4:  Same list as RSSI scan candidate list, but the list is formed by FCCH scan where FB is detected in certain ARFCN.] 


Figure 1: Continuous FB scan

Figure 2: Interleaved FB scan
With the proposed FCCH scan, a full band FCCH scan time takes around 10.5 minutes, while also helping eliminating unwanted ARFCNs. Based on this the cell selection procedure is modified to reduce cell selection time for devices in extended coverage by sorting candidate list ARFCNs through FCCH scan.
Figure 3 depicts the modified cell selection procedure for EC-GSM-IoT. Legacy cell selection procedure is preserved for cell selection of devices in normal coverage, where a short link time should be expected. For devices in extended coverage, if the RSSI drops below a given threshold, the modified cell selection procedure is triggered. Both legacy RSSI scan for normal coverage devices and the proposed FCCH scan for extended coverage devices can filter out a few candidate ARFCNs to which FCCH+EC-SCH synchronization is then applied.
According to our simulation results of detection rate for FCCH scan, it takes in average 0.65s to achieve a 99% detection rate. With such detection rate, the FCCH scan time can be reduced to around 10.5 minutes for full band search: 124+174+374+299 = 971ARFCNs. 971*0.65/60 = 10.5 minutes.
The energy consumption of the proposed FCCH scan is E=I*V*T = 0.03A*3.3V*10.5*60 = 62.37Ws = 0.017Wh, which is around 0.35% of the total battery energy.
The cell selection time of devices in normal coverage is short and should be the same order as legacy devices. The cell selection time of devices in extended coverage will be 10.5 minutes (FCCH scan) plus candidates synchronization time N*2 seconds. 
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[bookmark: _Ref445293065][bookmark: _Ref445293056][bookmark: _Ref445374373]Figure 3: Proposed cell selection procedure
Simulations
Simulation assumptions
According to link level simulation assumption in annex D of TR45.820 [3], the simulator has been set to SNR = -6.3 dB under TU1.2 km/h channel for cell synchronization corresponding to maximum coupling loss 164 dB. Also, the frequency offset +/-18KHz is considered. 
Results
In Figure 4, the FCCH detection time to achieve 99% detection rate is around averaged 0.65 seconds per ARFCN. The false alarm rate in the simulation is <0.1%, which means devices will not waste synchronization time on those falsely detected non-BCCH carriers. It takes in average 0.65s to assess whether an ARFCN is a valid BCCH carrier or not, while the probability of those chosen ARFCNs being fake BCCH carrier is very low. 
[image: ]
[bookmark: _Ref445394816][bookmark: _Ref445374319]Figure 4: FB detection rate of FCCH full RF channels scan
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Conclusions
In this contribution, the backward compatibility issue of EC-FCCH is addressed an FCCH scan procedure is proposed to achieve reasonable cell selection time for devices in extended coverage while the cell selection time of devices in normal coverage can be similar to legacy cell selection time. Power consumption of one cell selection is 0.35% of total battery energy. The proposal also ensures legacy devices are not negatively impacted.
With the proposed mechanism, it takes 0.65s in average per ARFCN to achieve 99% detection rate with <0.1% false detection probability.
Based on the above, the sourcing company recommends the use of this mechanism for EC-GSM-IoT instead of introducing EC-FCCH. 
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