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On SCH coverage extension in GSM legacy systems

Introduction
In a 3GPP feasibility study on Cellular IoT started at GERAN #62 [1], one of the objectives is to increase the coverage compared to existing GPRS services. Blind repetitions have been considered as a way to achieve this target, promising 3dB gain for every doubling of the number of transmissions.
In this document, the focus is on possible simplifications of the current EC-GSM concept for evolution of GSM radio technology [2] by minimizing the changes of the GSM/EDGE air interface, here with regard to the synchronization channel. Minimizing the changes of the GSM/EDGE air interface should also be strived for with the currently competing N-GSM concept [2]. Both proposals use quite similar assumptions and might undergo the same possible simplifications. 
SCH burst repetitions
General
It is advantageous to re-use existing system design to the farthest extent possible when evolving GSM to cater for devices requiring extended coverage.
Most CIoT proposals, including proposals for GSM evolution, consider blind repetitions of bursts, as discussed in [3], [4]. While for dedicated channels the number of repetitions is supposed to be dependent on coverage classes, broadcast channels are more efficiently sent in a unique mapping for all devices, in a way that the maximum coupling loss is supported. For this purpose, both concepts for GSM evolution [2] propose mapping of additional broadcast channels and common control channels for CIoT devices on TS1 of the BCCH carrier frequency (in addition to TS0 which carries the legacy FCCH, SCH, BCCH and CCCH).
Even without introducing blind repetitions for CIoT, potential repetitions may happen in nearly all legacy GSM channels. While for common control or dedicated channels, this is mostly related to waiting or failures (e.g. paging, ARQ), the repetitions for broadcast channels are in fact systematic because the network has to send physical layer signals and fundamental information about the system as a beacon to support the MS synchronizing and selecting a cell in idle mode. This beacon information is sent continuously and identically repeated by a cell as long as the cell is not powered down, defective or reconfigured.
For the SCH, the repetition rate of bursts is very slow and happens only with the frame number wrap-around after roughly 4 hours. This is clearly far too slow for MS synchronization based on combining repeated bursts.
In the following, the legacy SCH is analyzed in some more detail especially for the task of MS initial synchronization in order to conclude about its applicability for synchronization of CIoT devices.
Initial synchronization
As a very first step of synchronization, a coarse initial frequency offset of the MS reference oscillator need to be synchronized to a first cell selected within the receive bands. This is typically accomplished in legacy MS by RSSI measurements and subsequent FCCH reception. For CIoT devices it is consensus that the FCCH is applicable for the MS to measure the power level received from a specific cell and estimate the relative frequency offset and timing. From the timing of at least five FCCH bursts, the frame number index T3 within the 51 frames multiframe can already be concluded [5].
For the next step, SCH bursts of the cell can be individually converted down to baseband for further receiver processing. Since the frame number is coded in information elements of the message and not repeating for hours, it has been concluded so far that combining could certainly not improve the receiver performance of GSM evolution for CIoT coverage extension requirements.
However, it is worth observing that the SCH is sent continuously as a fully deterministic periodic sequence of bursts as long as the cell is not powered down, defective or reconfigured. When receiving some relatively short sequence of SCH bursts for initial synchronization, only the information element T3’ (or T3) of these bursts is known, which is quite limited knowledge about the frame number. But the variation of the frame number is also quite limited for a short sequence of only e.g. 15 SCH bursts. There is a good chance that the information element T1 is constant over this period, because T1 is incremented only after 26*51 frames or 26*5 = 130 SCH bursts (5 per 51 frames multiframe). On this basis, it is possible to
(1) take some specific hypothesis about the remaining 5 bits of the information element T2,
(2) modify the soft bits of the preceding SCH bursts based on the hypothesis and the deterministic dependency between the bursts,
(3) combine the modified soft bits of the bursts, and 
(4) finally decode the information from the combined bursts.
If the specific hypothesis is true, the decoder performance will be enhanced to the same extend as achievable for burst repetitions with direct combining of the soft bits. In this sense there is basically no difference between burst repetitions and deterministically progressing bursts with regard to coverage extension. Based on this general conclusion, the main practical difference is only that multiple decoder runs are required to ensure to get a result with a hypothesis fitting the received data. The computational complexity need not grow too much compared to repetition combining, if appropriate hypotheses are taken for each burst in a sliding window approach.
Since no change in the air interface is proposed for SCH, the details of the implementation can be considered to remain implementation dependent without need for standardization. The impact on the core specification should only be some enhanced requirements for the SCH receiver performance and possibly relaxation of latency requirements. 
Conclusions and outlook
In this contribution, an analysis has been provided concluding that not only the legacy FCCH can be reused for the GSM evolution track, but also the SCH. This may support convergence of the EC-GSM and N-GSM proposals to a single consensus GSM evolution track of the CIoT study and subsequent specification work. 
Since the GSM evolution track is based on the most successful telephony system ever seen on the globe, smooth evolution is expected to be key for success. It should be taken into account that the compatibility objectives of the CIoT study [2] may be quite weak, offering no improvement if (1) not both network and terminal have the CIoT feature enabled and (2) the terminal is operating in CIoT mode (parallel multimode operation of CIoT and legacy GERAN connections has seemingly not yet considered for the GSM evolution track, unfortunately). Reducing the changes to GERAN air interface for the GSM evolution track of CIoT should facilitate reasonable improvements of compatibility.
When implemented in an MS (supporting CIoT or not), some options for downlink receivers should enhance the coverage even in legacy GSM/EDGE networks and could not only simplify the EC-GSM proposal for CIot, but also complement the existing proposals of the GERAN studies on uPoD and BTS Energy Saving with MS enhancements compatible with all GSM/EDGE networks worldwide.
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