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[bookmark: _GoBack]EC-FCCH design and performance evaluation
[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.
As part of the WI, a new synchronization procedure is specified, where a device first detects the FCCH and the start of the 51-multiframe border, and secondly detects and decodes the EC-SCH to achieve time and frequency synchronization as well as identifies the BSIC. The FCCH has, so far, been proposed to be fully re-used from legacy GSM.
In GP-160091, “EC-FCCH Design for Quick and Robust EC-GSM Synchronization” [2] an enhanced synchronization procedure was proposed by introducing a EC-EGPRS specific FCCH option, as so called EC-FCCH.
The present document evolves the proposal in [2] while taking the comments received during the early discussions at GERAN1#69 into account.
Background
[bookmark: _Ref434595095]In [2], a potential negative impact on the battery lifetime was outlined specifically for a quad band MS searching all ARFCNs of the supported bands to ensure the detection of EC-EGPRS supporting cells. 
Although the cell search procedure is, to a large extent, up to MS implementation, it is of course of benefit to minimize search time and hence improve battery lifetime.
[bookmark: _Ref443328264]Comments at GERAN#69
When presenting the proposal in [2] at GERAN#69, comments were received summarized below:
1. Two network vendors were not in favor of the “double tone EC-FCCH” proposal due to problems with non-constant envelope signal characteristics in legacy GSM base stations leading to coverage loss when implementing the proposed signal.
2. It was also commented that the use of a 52-multiframe mapping for the EC-FCCH would put restrictions on the logical channels that may be mapped on the BCCH carrier. An operator could for example have to choose between multiple CCCH support or EC-EGPRS support, since the introduction of the proposed EC-FCCH requires that a certain number of timeslots are of 52-multiframe structure.
3. By detecting the 52-multiframe, a MS would not know the 51-multiframe boundary (but only know the TDMA frame boundary) due to the constant drift between the two multiframe types, and hence would still need to detect the 51 boundary based on the legacy GSM FCCH.
4. The introduction of an EC-FCCH should not prevent a MS from only supporting FCCH detection. Hence no requirement in the EC-EGPRS specification should be adopted that would require the MS to use EC-FCCH for cell synchronization (for example the maximum cell detection time as discussed during GERAN#69 in [3]).
The sourcing companies agree to the comment captured in bullet 4, but this is out of the scope of this paper, and more related to specification work.
A network supporting EC-EGPRS is required to use a 51-multiframe structure on both TS0 and TS1, and it is believed that the other three comments can be addressed with a modified mapping that makes use of the 51-multiframe on TS0 and TS1.  By using separate frequency correction bursts for FCCH and EC-FCCH, the constant envelope signal characteristics are maintained (bullet 1). By limiting the mapping to TS0 and TS1 the channel configuration dependency is therefore removed (bullet 2). By only using the 51-multiframe for the mapping of FCCH and EC-FCCH the detection of EC-FCCH would also mean detection of the 51-multiframe boundary (bullet 3).
Modified mapping
A possible mapping is shown in Figure 1 where non-EC channels on TS0 are shown with strong coloring and white font, and the EC counterpart on TS1 in lighter color and black font.


[bookmark: _Ref443328690]Figure 1: Previous mapping (top), modified mapping (below)
As can be seen the following is proposed:
· A first EC-FCCH burst is mapped on TS 1 of FN 0.
· A second and a third EC-FCCH burst are mapped on TS 0 and TS 1 of FN 50.
The EC-FCCH mapping on TS 1 may be facilitated by the removal of a single EC-CCCH two burst block. The EC-FCCH mapping on TS 0 is placed on the idle FN 50.
With this proposal three EC-FCCH bursts are transmitted within the duration of 9 timeslots, of which two are contiguous, allowing for a receiver processing gain similar to that presented in [2].
Simulations
Simulation assumptions
Simulations have been carried out with the simulator described in [4]. The simulator has been set to SNR = -6.3 dB to model the worst case scenario for cell synchronization corresponding to a coupling loss of 164 dB.
The EC-FCCH detector algorithm used in this investigation reuses to a large extent the FCCH detector used to derive the synchronization performance for EC-GSM in TR 45.820 [5]. Instead of a pattern of FCCH bursts mapped on TS 0, the new detector searches for a pattern of EC-FCCH bursts mapped on TS0 and TS 1. IQ combination of the three EC-FCCH burst was utilized to maximize the receiver processing gain to allow for reduced search time.
The EC-SCH decoder was fully reused from the earlier investigations presented in TR 45.820 [5].
The EC-FCCH burst was generated as described in [2], and located at a frequency offset of -16.9 kHz from the center of the channel.
Results
In Figure 2 the EC-EGPRS synchronization time, i.e. time until the EC-SCH is decoded, is shown. The two curves depict the performance when the start of the 51-multiframe boundary is determined based on either FCCH detection (red dashed curve) or EC-FCCH detection (green solid curve). There is a clear reduction in time needed to complete the synchronization when the EC-FCCH is used.
It can be noted that a device may use both the FCCH and EC-FCCH to further improve the synchronization performance beyond what is depicted below.
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Figure 2: Total time until to synchronization is achieved.
When the synchronization is based on the FCCH detection a device needs to decode the EC-SCH to determine that a cell supports EC-EGPRS. With the introduction of EC-FCCH it becomes sufficient to detect the occurrence of the EC-FCCH to determine that a cell supports EC-EGPRS.
Figure 3 depicts the time to determine that a cell supports EC-EGPRS. The red dashed curve corresponds to the time needed until the FCCH is detected and the EC-SCH is decoded, i.e. it is identical to the results depicted in Figure 2. The green solid curve corresponds to the minimum of the time to detect the EC-FCCH and to time until the EC-SCH is decoded when EC-FCCH is supported.
To secure a low false detection rate the detection of the EC-FCCH is considered successful first when two energy peaks, i.e. two potential EC-FCCHs, are found with a separation of an integer number of 51-multiframes. The EC-SCH can however be attempted to be decoded already when detecting the first potential EC-FCCH. This explains why EC-SCH decoding may occur earlier than two EC-FCCHs separated by an integer number of 51-multiframes are observed.
It can be seen that the new EC-FCCH based approach allows for detection of EC-EGPRS cell capability after one second at the 99th percentile of the CDF. This significantly reduces the time needed to detect EC-EGPRS cell capability compared with the current performance requiring around two seconds.  

[image: ]
Figure 3: Time until the support for EC-EGPRS is detected.
The approach taken to determine the support for EC-EGPRS is believed to be fairly conservative. It was taken since it provides very robust false detection performance. In a simulation where no EC-FCCH was mapped on the 51-multiframe no false detection was recorded for 1000 simulated iterations, each iteration 10 51-multiframes long.
The residual frequency and residual time offset after (EC-)FCCH detection is shown in Figure 3 and Figure 4 respectively. It can be seen that similar performance is achieved for the two investigated options. The observed offset between the curves in the below figures are explained by the fact that the time to fine tune the EC-FCCH detector performance has been limited. For the EC-FCCH detection the timing offset was recorded on symbol level, while it was recorded on quarter symbol level for FCCH detection.
[image: cid:image002.jpg@01D16816.B15F5840]
[bookmark: _Ref443341895]Figure 3: Residual frequency offset
[image: cid:image003.jpg@01D16816.B15F5840]
[bookmark: _Ref443341900]Figure 4: Residual time offset
Conclusions
In this contribution the EC-FCCH channel that was proposed in [2] has been modified in terms of how the logical channel is mapped onto the physical resources, taking comments received in the early GERAN1#69 discussions into account.
Performance is evaluated using the simulator so far used for FCCH investigations (see e.g. the EC-GSM performance in TR 45.820 [5]), and the same detection algorithm is used with appropriate modifications to allow for an improved processing gain facilitated by the herein proposed alternative mapping of the EC-FCCH. 
It is believed that the comments received in the discussion are taken into account by the alternative mapping. 
Regarding MS support of EC-FCCH, this would not be a requirement in the standard, considering that feasibility of cell synchronization has already been shown with FCCH, and that an EC-EGPRS supporting cell would be required to support the legacy FCCH mapping on TS0. 
Hence specification text relating to the FCCH support in today’s EC-EGPRS specification could be modified to something like (additions in red)
“A MS in EC-EGPRS operation always make use of EC-channels (e.g. EC-PDTCH), except for the frequency correction procedure where FCCH and/or EC-FCCH may be used. An EC-EGPRS MS shall also support RACH and AGCH, in addition to EC-RACH and EC-AGCH. RACH and AGCH can be used by the MS when in GPRS/EGPRS coverage range (CC1, see subclause 3.3.x.2) if indicated by the network.”
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