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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-GSM-IoT) candidate technique and motivating the work item can be found in [1].
On the logical channel EC-RACH different training sequences will be used for different coverage classes to both reduce the negative effects of collisions, to aid separation of different coverage classes and to signal to the BTS which UL coverage class the MS has transmitted with. 
In this document a set of new training sequences for EC-RACH 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 all access burst legacy training sequences and all normal burst legacy training sequences, including the VAMOS sequences and the NewToN [2] sequences. The legacy sequences are defined in [3]. Because of the nature of the access burst timing, all possible lags between desired and interfering sequences were considered, but with most weight at small lags.
Five new TSCs need to be defined to support:
· CC1, Only GMSK support in UL and DL
· CC1, GMSK and 8PSK support in UL and DL
· CC2
· CC3
· CC4
The proposed EC-RACH training sequences are shown in Table 1.
[bookmark: _Ref439935381]Table 1: Proposed EC-RACH training sequences.
	 TSC
	EC-RACH training sequence bits

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

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

	2
	0 1 0 1 0 0 0 0 1 1 1 1 1 1 1 1 0 1 0 1 1 1 0 1 0 1 1 0 1 1 0 0 1 1 0 0 1 0 1 0 0

	3
	0 1 0 1 1 1 1 0 0 1 1 1 0 1 0 1 1 1 1 0 1 1 0 1 0 0 0 1 0 0 1 1 0 0 0 0 1 0 1 1 1

	4
	0 1 0 0 0 0 1 0 1 1 0 0 0 0 0 1 1 1 0 1 0 0 1 0 1 0 1 1 1 0 1 1 1 0 0 0 1 0 0 0 0



Performance Evaluation
Training sequences have been evaluated according to [4].
Simulations
It has been agreed, see [4] that “The EC-RACH training sequences shall be evaluated with link simulations for sensitivity and for Co-channel interference cases when interfered by other EC-RACH, RACH or normal burst GMSK or 8PSK.” (WA5).
Simulation assumptions are specified in Table 2.
[bookmark: _Ref439942051]Table 2: Simulation assumptions
	Parameter
	Setting

	Channel
	Typical Urban

	Speed
	1.2 km/h

	Repetition scheme
	None, no repetitions.

	Diversity
	MRC

	Time lag
	The time lag between the desired sequence and interfering sequences were selected randomly per burst.
· For inter-cell interference the lag was drawn from a uniform distribution such that the minimum overlap between desired and interfering sequence was 11 symbols.
· For intra-cell interference the lag was drawn from a non-uniform distribution derived from the TA distribution in [5], between -8 to 8 symbols with most weight on -1, 0 and 1.



The format used in the figure legends are <desired>/<interfering>, for example EC-RACH/RACH means that EC-RACH is the desired signal and RACH is interfering.
It is important that a normal burst interfered by an EC-RACH 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 sequences are evaluated with normal burst interference, both the auto-correlation of the new sequences and the cross-correlation between the new sequences and the normal burst sequences are taken into consideration. Hence, evaluating normal bursts interfered by the new sequences would not add much to this evaluation.
Sensitivity
Figure 1 show sensitivity performance for the proposed sequences. As can be seen the differences compared to legacy RACH are negligible.
[image: ]
[bookmark: _Ref439942803]Figure 1: EC-RACH sensitivity performance CDF at 5% RawBER. (0.1 dB per tick).
Co-channel Interference, Access Burst (intra-cell)
Figure 2 show co-channel performance when interfered by RACH for the proposed sequences for intra-cell interference. As can be seen most of the pairs show performance comparable to the performance of the legacy RACH sequences, with a slight tilt of roughly 0.4 dB. 
[image: ]
[bookmark: _Ref439943010][bookmark: _Ref439946472]Figure 2: EC-RACH co-channel performance CDF at 5% RawBER, interfered by intra-cell RACH. (0.1 dB per tick).
Co-channel Interference, Access Burst (inter-cell)
Figure 3 show co-channel performance when interfered by RACH for the proposed sequences for inter-cell interference. As can be seen most of the pairs show performance comparable to the performance of the legacy RACH sequences.
[image: ]
[bookmark: _Ref440032933][bookmark: _Ref440032928]Figure 3: EC-RACH co-channel performance CDF at 5% RawBER, interfered by inter-cell RACH. (0.1 dB per tick).
Co-channel Interference, Normal Burst (inter-cell)
Figure 4 show co-channel performance when interfered by normal bursts, GMSK and 8PSK (including VAMOS and NewToN), for the proposed sequences. As can be seen the spread of the performance is roughly the same as for the legacy sequences.
[image: ]
[bookmark: _Ref439943415]Figure 4: EC-RACH co-channel performance CDF at 5% RawBER, interfered by inter-cell normal bursts (GMSK and 8PSK). (0.1 dB per tick).
Theoretical evaluation
It has been agreed, see [4], that:
· “The EC-RACH training sequences shall be confirmed not to have too high cross correlation with 16QAM or 32QAM sequences.” (WA6).
· “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).
The theoretical evaluation of the new sequences is based on the absolute value of the deterministic real valued cross correlation between the studied sequences. For each correlation, let x1[n], n=0, …, N1-1 be the symbols of the longest considered sequence. Denote the other sequence with x2[n], n=0, …, N2-1, N2≤N1. The sequences are zero outside the defined intervals. The evaluation metric is defined in Equation 2.


[bookmark: _Ref447624489]Equation 2: Theoretical evaluation metric based on the absolute value of the real valued deterministic cross correlation.
For each case all possible cross correlations are evaluated and plotted in the same figure. The goal of the evaluation is to make sure that the peak values for each lag are not larger than for the corresponding legacy evaluation, i.e. that the shapes of the plots are roughly the same. 
Co-channel 16QAM and 32QAM
Figure 5 show cross correlations between legacy RACH sequences and 16QAM, 32QAM normal burst training sequences. Figure 6 show cross correlations between EC-RACH sequences and 16QAM, 32QAM normal burst training sequences. When comparing the figures it can be seen that the cross correlation properties are similar for RACH and EC-RACH.
[image: ]
[bookmark: _Ref442280768][bookmark: _Ref442280764]Figure 5: Cross correlation between TSCs of legacy RACH and co-channel interfering 16QAM and 32QAM. N1=41, N2=26.
[image: ]
[bookmark: _Ref442280838]Figure 6: Cross correlation between TSCs of EC-RACH and co-channel interfering 16QAM and 32QAM. N1=41, N2=26.
Adj-channel normal bursts
Figure 7 show cross correlation between legacy RACH sequences and adjacent channel interfering normal burst sequences. Figure 8 show cross correlations between EC-RACH sequences and adjacent channel interfering normal burst sequences. When comparing the figures it can be seen that the cross correlation properties are similar for RACH and EC-RACH.
[image: ]
[bookmark: _Ref442281434]Figure 7: Cross correlation between TSCs of legacy RACH and adj-channel interfering normal bursts. N1=41, N2=26. (Both +200 kHz and -200 kHz adjacent interference used)
[image: ]
[bookmark: _Ref442281471]Figure 8: Cross correlation between TSCs of EC-RACH and adj-channel interfering normal bursts. N1=41, N2=26. (Both +200 kHz and -200 kHz adjacent interference used)
Adj-channel RACH
Figure 9 show cross correlation between the EC-RACH and RACH sequences. As can be seen the correlations are low.
[image: ]
[bookmark: _Ref442281975]Figure 9: Cross correlation between TSCs of EC-RACH and adj-channel RACH. N1=N2=41. (Both +200 kHz and -200 kHz adjacent interference used)
Conclusions
An EC-RACH training sequence code set has been proposed and evaluated. The performance of the proposed set is in line with the legacy RACH training sequences in all aspects investigated. 
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