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EC-FCCH Design for Quick and Robust EC-GSM Synchronization

1. Introduction
[bookmark: _GoBack]A new work item named Extended Coverage GSM (EC-GSM) for support of Cellular Internet of Things was approved at GERAN#67 (WI code: CIoT_EC_GSM) [1]. 
To support such communications, an evolved low-complex EGPRS (EC-GSM) system was proposed. The evaluation methodology, including the system assumptions, parameters and traffic models are captured in 3GPP TR 45.820 [2]. In this technical report, a requirement of a 20 dB coverage enhancement for MTC devices experiencing unfavorable channel conditions is imposed. As the very first step, network synchronization, legacy FCCH plus EC-SCH channel are designed for to meet the stringent constraint, where EC-SCH is repeated 14 times to meet the 164 dB maximum coupling loss target. 
In this document, some potential issue of the EC-GSM synchronization are discussed and one new double tone FCCH design is proposed to provide a quick and robust EC-GSM cell synchronization.
2. EC-GSM synchronization with legacy FCCH design
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Figure 1, FCCH and EC-SCH mapping in EC-GSM system
As shown in figure 1, one EC-GSM device need determine the 51-Multiframe boundary first, then decode the EC-SCH. And the success or consecutive failure of EC-SCH decoding is the only way to determine whether the cell is an EC-GSM cell. However, this synchronization design have several drawbacks, and some of them may lead serious performance degradation.
Issue of Long Synchronization Time
As EC-EGPRS devices need work down to -6.3dB SNR, RSSI measurement can’t be used to determine whether there exists an EC-GSM cell as the signal level could be much lower than the noise floor.
In [2] section 6.2.6.1, it says it needs 12 51-multiframes to rule out one ARFCN, which is 2.82 seconds. Assuming a device needs to search four bands (GSM 850 + E-GSM 900 + DCS 1800+ PCS 1900), i.e. 124+174+374+299 = 971 ARFCNs, it needs around 971*2.82/60=45.6 minutes to finish one full band search. This search time is too long and unacceptable for one mobile devices.
And use the energy consumption assumption in [2], one full band search needs	E = I*V*T = 0.030A*3.3V*971*2.82= 271Ws=0.075Wh, which is around 0.075/5=1.5% of the total battery energy. This means the 4Wh battery only can support 66 time full band search, which is unacceptable for a 10-year battery life device.
Another way to speed up the synchronization procedure is first using FCCH to filter out the non-empty ARFCNs, then use the EC-SCH to sync to the EC-EGPRS cell. However, the FCCH search still needs 10 51-MF to achieve a 99% detection rate at -6.3dB SNR. 10 51-MF is around 2.4 seconds, and the synchronization time is reduce to 38 minutes, the power consumption is reduced to 1.3% of the total battery energy, and only support 80 times full band search.
One can argue that the EC-EGPRS devices can use the stored information in SIM card and only needs one time full band search then the synchronization time and power consumption may seem ok. However, this is not the real case in field, for one 10-year battery life devices, the EC-EGPRS devices may encounter any situation in its life cycle, such as power supply down, frequency re-farming, signal degradation due to unknown reasons, and enter one no signal area (for the mobility devices), all these may trigger full band search.
 Issue of legacy GSM cell co-channel interference
Figure 2 is another serious problem of the legacy FCCH design. If there exists one slight stronger co-channel legacy GSM cell, the EC-GSM device will have no chance to sync to the EC-GSM cell as the multi-frame boundary detection bases on the strongest FCCH, and the detected FCCH which doesn’t match the 10/11 TDMA frame distance constrain will be treated as false alarm and discard.
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Figure 2 EC-GSM sync issue when legacy GSM and EC-GSM co-exists in one ARFCN.

3. EC-FCCH for quick and robust EC-EGPRS synchronization
Solution 1 – double tone EC-FCCH
In order to solve the issues mentioned in section 2, one new double tone FCCH is proposed for EC-GSM network.
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Figure 3 legacy GSM FCCH and the proposed EC-GSM FCCH design.
As shown in figure 3, besides of the tone at +66.7kHz, another tone at -66.7kHz is used to indicate whether it’s a EC-GSM cell. With this way, one EC-GSM device can detect whether one cell is EC-GSM or legacy GSM by detecting the tone at -66.7 kHz. This will enable the EC-GSM detects one ARFCN with one or two FCCH detect, which can significantly decrease the synchronization time. 
In order to keep the total transmission power in one ARFCN, the power level of one tone of the new design will be 3dB lower than the legacy single tone. This will cause 3dB negative impact for the legacy GSM devices, however, as the FCCH is the robust channel, one legacy GSM device still can work well with this 3dB degradation. And in another view, one EC-GSM cell need support up to 50K devices, it may be better for the legacy GSM devices at the cell edge to camp on the other legacy GSM cell.
The synchronization time of this EC-FCCH is same as the legacy FCCH, however this method can determine the EC-BCCH carrier without EC-SCH decoding. And this EC-FCCH can avoid the issue in section 2.2.
Solution 2 - EC-FCCH using the idle frame in 26-multiframe
For double tone EC-FCCH design, the modulation will be not constant envelop anymore, so it’s possible that the BTS can’s generate the double tone without power back off or need a hardware change. If it’s too hard to implement it, we suggest to use another alternative EC-FCCH design.
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Table 1, current logical channel mapping with EC-GSM
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Table 2, proposed EC-FCCH channel and mapping.
Table 1 is the current logical channel mapping with EC-GSM support, and table 2 is the proposed EC-FCCH channel mapping. There is EC-FCCH channel in the end frame of one 26-multiframe, which is idle frames if no half rate channel is used. As the EC-FCCH channel occupies 4 consecutive slots, which is 4 times as long as the legacy FCCH, this new EC-FCCH channel can provide 6dB performance improvement, which will significantly improve the EC-GSM network synchronization performance.
· [bookmark: OLE_LINK1]There is one EC-FCCH channel in the end frame of one 26-multiframe, which is an idle frame if no half rate channel is used. 
· The EC-FCCH channel occupies K consecutive slots, whose length is K times as long as the legacy FCCH. 
· In the figure 4 and 5, the K is 4, which is also our recommended value. And in the residual of this invention, K=4 is selected for illustration.
· This longer EC-FCCH length can provide 6dB (K=4) performance improvement, which will significantly improve the EC-GSM network synchronization performance.
· There is still one slot left for half rate service, and this slot can be located in any residual slot except the TS0, TS1, SDCCH slot and the EC-FCCH slots.
· So there are several combination of the EC-FCCH location, which only needs 4 consecutive slots.
[bookmark: OLE_LINK2]For the EC-FCCH channel, in order to transmit with maximum power, single tone is used but has a different frequency from the legacy FCCH (67.7kHz) frequency and its image frequency (-67.7kHz). Consider the 20ppm initial frequency offset, the proposed EC-FCCH frequency is +1 625/(24*4)~=-16.92kHz. 
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Figure 4, EC-FCCH proposal
Negative frequencies are selected to increase the guard band to legacy +66.7kHz FCCH.
As the relative position of EC-FCCH to the FCCH is sliding, MS still needs to detect the legacy FCCH to determine the 51-multiframe boundary, however, as the EC-FCCH and legacy FCCH are frame aligned, the EC-FCCH detection result can be used to improve the FCCH detection performance. 
During EC-GSM network synchronization, MS should use the EC-FCCH to filter out EC-EGPRS BCCH ARFNCs and then use the legacy FCCH+EC-SCH to do the final synchronization.
And the timing information of EC-FCCH can be used to remove the false FCCH peak of the legacy GSM co-channel interference. By this way, the MS will get rid of the impact by the legacy GSM co-channel interference, and no need to use the EC-SCH to determine one EC-GSM cell. This will significantly speed up the synchronization procedure.
Figure 5 is the simulation result of the synchronization time, it shows it only needs around 670ms to rule out one ARFCN, which is much shorter than 12/10 51-MF (2.82/2.35 seconds).
[image: ]
Figure 5, EC-EGPRS synchronization time
With this new EC-FCCH design, one EC-EGPRS device needs 971*0.67/60~=10.8 minutes to finish one full band search. Compared with FCCH+EC-SCH, this solution reduces around 76% search time.
And this EC-FCCH can avoid the issue in section 2.2.
Solution 3 - EC-FCCH using the idle frame in 13-multiframe
For EC-PDTCH and EC-PACCH channels, there is one idle frame each 13 frames, another alternative solution is to use this idle frame/burst to carrier the EC-FCCH channel. The new map of EC-FCCH is shown in table 3.
As the frequency of EC-FCCH is doubled, the length of EC-FCCH can be reduced to relax the channel mapping limitation to the EC-BCCH carrier.

[image: ]
Table 3, EC-FCCH channel and mapping
The frequency of this EC-FCCH is also selected to -16.92kHz. Figure 6 is the simulation result of this new EC-FCCH design.
[image: ]
Figure 6, EC-FCCH synchronization performance
As shown in figure 6, the new EC-FCCH is even a little better than solution 2 due to the doubled frequency. In order to achieve 99% detection rate, it only needs around 530ms. 
With this new EC-FCCH design, one EC-EGPRS device needs 971*0.53/60~=8.6 minutes to finish one full band search. Compared with FCCH+EC-SCH, this solution reduces around 81% search time.
And this EC-FCCH can avoid the issue in section 2.2.
4. Summary
 In this document, the issues of the legacy FCCH design for EC-GSM cell are discussed, the network synchronization time is too long to accept and may be seriously degraded even blocked when there exists one legacy co-channel interference. There new EC-FCCH designs are proposed, which can provide quicker and robust EC-GSM cell synchronization. 
One EC-FCCH solution is to use a double tone signal which need BTS to send the un-constant envelope signal without power reduction. 
The second EC-FCCH solution is to take use of the idle frame in the 26-multiframe structure. This solution can provide much better performance than the legacy one and the double tone solution as the length of the EC-FCCH channel is 4 times as long as the legacy FCCH, which can provide 6dB performance improvement. In-order to avoid the impact to legacy devices, the frequency of the new EC-FCCH is designed with a guard band from the legacy FCCH and its image. 
The third EC-FCCH solution is to use the idle frame of EC-PDTCH/EC-PACCH channel each 13 frame. This solution can provide similar performance as solution 2 but less limitation of the multiplex CCCH and SDCCH mapping on EC-BCCH carrier but need reserve at least two slots for EC-PDTCH/EC-PACCH.
Based on this result, if the multiplex CCCH and SDCCH mapping limitation isn’t an issue, solution 2 is recommended for the new EC-FCCH design, else solution 3 is the recommended solution.
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