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[bookmark: _Ref206493657]Introduction
At GERAN#67 a new work item on Extended Coverage GSM was approved. The final version of the Cellular IoT Technical Report evaluating the Extended Coverage GSM (EC-EGPRS) candidate technique and motivating the work item can be found in [1].
On the logical channel EC-SCH a new training sequence will be used to avoid having legacy mobiles synchronizing to EC-SCH instead of the legacy SCH channel.
In this document a new training sequence for EC-SCH is presented and evaluated.
Training Sequence Design
The design of the new training sequence set has followed the methodology described in [2]. The new sequences were designed to have good cross correlation towards the normal synchronization burst training sequence (see [3], Section 5.2.5 "extended training sequence bits"), the dummy burst and all normal burst legacy training sequences, including the VAMOS sequences and the NewToN [2] sequences. The legacy sequences are defined in [3]. All possible lags between desired and interfering sequences were considered during the design.
The proposed EC-SCH training sequence is shown in Table 1.
[bookmark: _Ref439935381]Table 1: Proposed EC-SCH training sequence.
	 TSC
	EC-SCH training sequence bits

	0
	1 0 1 1 1 0 1 0 0 0 1 1 1 1 0 1 1 1 0 1 0 1 1 0 1 1 1 1 0 1 0 0 1 0 0 0 1 0 1 1 0 1 0 0 0 0 0 0 1 0 0 0 1 1 1 0 1 0 0 1 1 0 0 0



Performance Evaluation
The training sequence has been evaluated according to [5].
Simulations
It has been agreed, see [5] that “The EC-SCH training sequence shall be evaluated with link simulations for sensitivity and for Co-channel interference cases when interfered by SCH or normal burst GMSK (including dummy burst) or 8PSK.” (WA7).
Simulation assumptions are specified in Table 2.
[bookmark: _Ref439942188]Table 2: Simulation assumptions
	Parameter
	Setting

	Channel
	Typical Urban

	Speed
	1.2 km/h

	Repetition scheme
	None, no repetitions.

	Diversity
	Single antenna.

	Time lag
	The time lag between the desired sequence and interfering sequences where selected randomly per burst according to model in [3], WA11.



The format used in the figure legends are <desired>/<interfering>, for example EC-SCH/SCH means that EC-SCH is the desired signal and SCH is interfering.
It is important that a normal burst interfered by an EC-SCH is not degraded too much in performance. In general the performance for TSC k interfered by TSC p depends on the auto-correlation of k and the cross-correlation between k and p, see Equation 1.


[bookmark: _Ref440374334]Equation 1: Channel estimation error contribution from interfering TSC. S is the least squares regression matrix, h is the channel and “error” is the model error and noise. (Derived in [2] Equation 8.)
Therefore the performance for k interfered by p and p interfered by k is not the same. Since the new sequence is evaluated with normal burst interference, both the auto-correlation of the new sequence and the cross-correlation between the new sequence and the normal burst sequences are taken into consideration. Hence, evaluating normal bursts interfered by the new sequence would not add much to this evaluation.
Sensitivity
Figure 1 show sensitivity performance for the proposed sequence. As can be seen the difference compared to legacy normal SCH is negligible.
[image: ]
[bookmark: _Ref439942803]Figure 1: EC-SCH sensitivity performance. (1 dB per tick).
Co-channel Interference, Synchronization Burst
Figure 2 show co-channel performance when the proposed sequence is interfered by the legacy synchronization burst and vice versa (red lines), compared to legacy SCH interfered by normal burst GMSK (included in figure as reference – blue lines). As can be seen the performance of the EC-SCH interfered by the legacy SCH (and vice versa) is comparable to when legacy SCH is interfered by normal burst GMSK.
[image: ]
[bookmark: _Ref439943010]Figure 2: EC-SCH co-channel performance, interfered by SCH. (1 dB per tick).
Co-channel Interference, Normal Burst
Figure 3 and Figure 4 show co-channel performance for EC-SCH when interfered by normal bursts, GMSK and 8PSK (including VAMOS and NewToN). As can be seen the spread of the performance is roughly the same as for the SCH using the legacy sequence.
[image: ]
[bookmark: _Ref439943415]Figure 3: EC-SCH co-channel performance, interfered by normal bursts (GMSK and 8PSK). (1 dB per tick).
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[bookmark: _Ref439943453]Figure 4: Zoomed view of Figure 3.
Co-channel Interference, Dummy Burst
Figure 5 show EC-SCH co-channel performance when interfered by the dummy burst. As can be seen the proposed sequence yields slightly better performance than the legacy sequence.
[image: ]
[bookmark: _Ref439944418][bookmark: _Ref439944414]Figure 5: EC-SCH co-channel performance, interfered by dummy burst. (1 dB per tick).
False detection rate of SCH when receiving only EC-SCH
To make sure an EC-SCH is not mistaken for a SCH a simulation using a legacy SCH receiver fed with a pure EC-SCH signal was performed. Results show that the EC-SCH is believed to be a SCH in 0.075% of the cases, simulation length was 20000 frames. This is close to (and below) the false detection rate in pure noise which is related to the CRC length like 100*1/(2CRClength) ≈ 0.098%, for CRC length 10. Hence false detection of an EC-SCH as a SCH is not a problem.
Theoretical evaluation
It has been agreed, see [5] that:
· “The EC-SCH training sequence shall be confirmed not to have too high cross correlation with 16QAM or 32QAM sequences. “ (WA8).
· “The EC-RACH and EC-SCH training sequences shall be confirmed not to have too high cross correlation with Adj-channel interference cases when interfered by normal burst GMSK, 8PSK, 16QAM or 32QAM sequences.” (WA9).
Co-channel 16QAM and 32QAM
Figure 6 show cross correlation between the normal legacy SCH sequence and 16QAM, 32QAM normal burst training sequences. Figure 7 show cross correlation between the EC-SCH sequence and 16QAM, 32QAM normal burst training sequences. When comparing the figures it can be seen that the cross correlation properties are similar for SCH and EC-SCH.
[image: ]
[bookmark: _Ref442280768][bookmark: _Ref442280764]Figure 6: Cross correlation between TSCs of legacy SCH and co-channel interfering 16QAM and 32QAM.
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[bookmark: _Ref442280838]Figure 7: Cross correlation between TSCs of EC-SCH and co-channel interfering 16QAM and 32QAM.
Adj-channel normal bursts
Figure 8 show cross correlation between the normal legacy SCH sequence and adjacent channel interfering normal burst sequences. Figure 9 show cross correlation between the EC-SCH sequence and adjacent channel interfering normal burst sequences. When comparing the figures it can be seen that the cross correlation properties are similar for SCH and EC-SCH.
[image: ]
[bookmark: _Ref442281434]Figure 8: Cross correlation between TSCs of legacy SCH and adj-channel interfering normal bursts. (Both +200 kHz and -200 kHz adjacent interference used)
[image: ]
[bookmark: _Ref442281471]Figure 9: Cross correlation between TSCs of EC-SCH and adj-channel interfering normal bursts. (Both +200 kHz and -200 kHz adjacent interference used)
Adj-channel SCH
Figure 10 show cross correlation between the EC-SCH and SCH sequences. As can be seen the correlation is low.
[image: ]
[bookmark: _Ref442281975]Figure 10: Cross correlation between TSCs of EC-SCH and adj-channel SCH. (Both +200 kHz and -200 kHz adjacent interference used)
Conclusions
An EC-SCH training sequence has been proposed and evaluated. The performance of the proposed sequence is in line with the legacy SCH training sequences in all aspects investigated.
The risk of falsely receiving an EC-SCH as a SCH has been studied and it is concluded that false detection of SCH in not increased by the presence of EC-SCH.
[bookmark: _GoBack]The proposed TSC in this document has been included in 45.002, see [6] within square brackets for the EC-SCH burst mapping.
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