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[bookmark: _Ref206493657]Introduction
A new WI on Radio Interface Enhancements for EC-GSM-IoT was approved for Rel-14 [1]. 
One of the objective is to introduce a new uplink coverage class CC5 which provides at least 3 dB additional coverage gain compared to CC4 in Rel-13.
For the EC-RACH design, one key method using ESAB is proposed in [2] wherein a new TSC (TS8) is introduced. This new extended access burst format whose length is equal to two timeslots uses a longer training sequence and longer encrypted data block to increase the performance gain.
In this document, the new TSC is provided based on the design following the same framework of training sequence design used for EC-GSM-IoT, i.e. both low cross correlation properties versus legacy training sequences (for RACH and traffic channels) and higher auto-correlation property have been considered in the new TSC design work. 
In this document the simulation results of ESAB based EC-RACH CC5 using the new TSC are compared to 2TS EC-RACH CC4 and correlations of the new TSC with other TSCs are shown.
Training Sequence Design
The new training sequence was designed to have good cross correlation towards all legacy access burst training sequences and all legacy normal burst training sequences 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. One proposed EC-RACH CC5 training sequence is shown in Table 1.
[bookmark: _Ref439935381]Table 1: Proposed EC-RACH CC5 training sequence bits.
	 TSC
	EC-RACH CC5 training sequence bits

	8
	1 1 1 0 1 1 1 0 1 1 0 0 0 1 1 1 0 0 0 0 0 1 0 0 1 1 1 1 0 1 0 0 1 0 0 1 1 1 0 0 1 0 0 0 1 1 0 1 1 0 1 0 0 1 1 1 0 0 0 1 1 1 1 0 1 0 1 0 1 0 1 1 0 1 1 0 0 1 0 1 1 1 0 0 0 1 1 1 0 1 1 1 1 1 1 1 1 0 1 0 1 1 0 1 0 1 1 1 0 1 0 0 0 0 0 1 1 0 1 1 0 1 1 1 1 1 0 1 1 1 1 0 0 1 1 1 0 0 1 0	



Performance Evaluation
Training sequence TS8 has been evaluated by both link level simulations and correlations with other TSCs mentioned in section 2.
Simulations for sensitivity case and interference cases with random bit interference
With simulation assumptions in Table 2, link level performance of EC-RACH CC5 using ESAB and TS8 with random bit interference is compared to that using a temporary TSC (a 140 bit TSC concatenated from 4 TSCs, i.e. TS4, TS5, TS6, TS7) used for the initial link level performance evaluation of ESAB in [4], and it is also compared to the link level performance requirement of 2TS EC-RACH CC4 defined in 3GPP TS45.005.
Table 2: Simulation assumptions
	Parameter
	Setting

	Channel models
	TU1.2, TU50, ST (sensitivity case only)

	BAND 
	900

	Repetition scheme
	66 ESAB per access attempt

	Diversity
	MRC

	Interferer
	Random bits are used as interferers for both co-channel and adj-channel interference cases



Performance comparisons are provided for sensitivity case in table 3, ACI case in table 4 and CCI case in table 5, where Perf_tmpTSC is the performance when the temporary TSC mentioned above is used, Perf_TS8 is the performance when the proposed TS8 is used, and Perf_CC4 is the performance requirement defined for 2 TS EC-RACH CC4.
As can be seen, using TS8, for all sensitivity and interference cases, the performance is better than that when using the temporary TSC used for providing the initial link level performance of ESAB in [4]. And the performance gain compared to the performance requirement of 2TS EC-RACH CC4 is much more than the target of 3dB, which allows for an increased margin for EC-RACH CC5 (collision based) relative to the margin applicable to the data channels.
Table 3: Sensitivity performance comparison to performance with temporary TSC and performance of 2TS EC-RACH CC4
	Channel Model
	Perf_tmpTSC - Perf_TS8 [dB]
	 Perf_CC4 - Perf_TS8 [dB]

	
	
	

	TU1.2
	0.0407
	5.14

	TU50
	0.1102
	5.51

	ST
	0.0953
	4.74



Table 4: ACI performance comparison to performance with temporary TSC and performance of 2TS EC-RACH CC4
	Channel Model
	Perf_tmpTSC - Perf_TS8 [dB]
	 Perf_CC4 - Perf_TS8 [dB]

	
	
	

	TU1.2
	0.3165
	6.73

	TU50
	0.5354
	7.08



Table 5: CCI performance comparison to performance with temporary TSC and performance of 2TS EC-RACH CC4
	Channel Model
	Perf_tmpTSC - Perf_TS8 [dB]
	 Perf_CC4 - Perf_TS8 [dB]

	
	
	

	TU1.2
	0.046
	7.01

	TU50
	0.0468
	7.49



Simulations with interferers of legacy TSCs
TS8 is further evaluated with link level simulations for Co-channel interference and Adjacent-channel interference cases when interfered by other EC-RACH and RACH TSCs.
Simulation assumptions are specified in Table 6 .
[bookmark: _Ref439942051]Table 6: Simulation assumptions
	Parameter
	Setting

	Channel models
	TU1.2, TU50

	BAND 
	900

	Repetition scheme
	66 ESAB per access attempt

	Receiver
	IQ accumulation between TDMA frames within each multi-frame; Soft combining between multi-frames

	Diversity
	MRC

	Interferer
	Legacy TSCs are Randomly selected as interferers for each burst



It is important that a legacy TSC interfered by TS8 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.
Therefore, the performance for k interfered by p and p interfered by k is not the same. Since the new sequence is evaluated with legacy TSC interference, both the auto-correlation of the new sequence and the cross-correlation between the new sequence and the legacy TSC sequences are taken into consideration. Considering that the new TS8 is supposed to be used by low power devices the interference it presents to other TSCs would be low. Hence, evaluating legacy TSCs interfered by the new TSC would not add much to this evaluation.
Co-channel Interference
Table 7 shows comparison co-channel performance of EC-RACH CC5 (Perf_TS8) using TS8 when interfered by co-channel TSCs resulting from:
· RACH accesses from legacy, PEO, or CC1 devices
· EC-RACH accesses from CC2, CC3 and CC4 devices 
As can be seen in Table 7, even in case of the interference from co-channel TSCs, EC-RACH CC5 using TS8 can still achieve at least 4.5dB gain compared to 2TS EC-RACH CC4 (Perf_CC4). 
Table 7: CCI performance comparison to performance with temporary TSC and performance of 2TS EC-RACH CC4
	Channel Model
	 Perf_CC4 - Perf_TS8 [dB]

	
	

	TU1.2
	5.53

	TU50
	[bookmark: _GoBack]5.07


Adj-channel Interference
Table 8 shows comparison adj-channel performance of EC-RACH CC5 (Perf_TS8) using TS8 when interfered by adjacent channel TSCs resulting from:
· RACH accesses from legacy or CC1 devices,
· EC-RACH accesses from CC2, CC3 and CC4 devices, 
As can be seen, even in case of interference from adjacent channel TSCs, CC5 using TS8 can still achieve at least 6.4dB gain compared to 2TS EC-RACH CC4 (Perf_CC4). 
Table 8: ACI performance comparison between 2TS EC-RACH CC5 using TS8 and the performance of 2TS EC-RACH CC4
	Channel Model
	 Perf_CC4 - Perf_TS8 [dB]

	
	

	TU1.2
	6.4089

	TU50
	6.9191


Auto-correlation and Cross-correlation with legacy TSCs
It has been agreed, see [5], that:
· “The training sequences shall be designed to have good auto-correlation.” (WA3 of [5])
· “The EC-RACH training sequences shall be confirmed as not having too high cross correlation with 16QAM or 32QAM sequences.” (WA6 of [5]).
· “The EC-RACH and EC-SCH training sequences shall be confirmed as not having too high cross correlation with Adj-channel interference cases when interfered by normal burst GMSK, 8PSK, 16QAM or 32QAM sequences.” (WA9 of [5]).
Auto correlation is investigated in 3.3.1. For the cross correlation, the evaluation of the new TSC is based on the absolute value of the deterministic real valued cross correlation between the studied sequences, see 3.3.2 and 3.3.3. 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. 
Auto-correlation
Figure 1 shows auto correlations of TS8, legacy RACH/EC-RACH sequences and normal burst training sequences. As can be seen, high peak can be seen at lag zero positions, low at other positions. 
[image: C:\work\GSM\material\GBASE\GCL\Task\RAN6\RAN6#5_meeting\0_AutoCorrelation.png]
Figure 1: Auto correlation of TSCs of legacy RACH, EC-RACH, and Normal burst.
Cross-correlation Co-channel
Figure 2 shows cross correlations between any 2 TSCs from legacy RACH/EC-RACH sequences and normal burst training sequences. Figure 3 shows cross correlations between EC-RACH CC5 sequence TS8 and legacy RACH/EC-RACH or normal burst training sequences. When comparing the figures, it can be seen that the cross correlation properties are similar for TS8 and legacy TSCs investigated.

[image: C:\work\GSM\material\GBASE\GCL\Task\RAN6\RAN6#5_meeting\1_CrossCorrelationCOLegacyLegacy.png]
[bookmark: _Ref442280768][bookmark: _Ref442280838][bookmark: _Ref442280764]Figure 2: Co-Channel Cross correlation between TSCs of legacy RACH, EC-RACH, and Normal burst.
[image: C:\work\GSM\material\GBASE\GCL\Task\RAN6\RAN6#5_meeting\3_CrossCorrelationCOTS8Legacy.png]
Figure 3: Co-Channel Cross correlation between TS8 and TSCs of RACH, EC-RACH, and Normal burst.

Cross-correlation Adj-channel
Figure 4 shows cross correlations between any 2 TSCs from legacy RACH/EC-RACH sequences and normal burst training sequences on adjacent channels. Figure 5 shows cross correlations between EC-RACH CC5 sequence TS8 and legacy RACH/EC-RACH or normal burst training sequences on adjacent channels. When comparing the figures, it can be seen that the cross correlation properties are similar for TS8 and legacy TSCs investigated.
[image: C:\work\GSM\material\GBASE\GCL\Task\RAN6\RAN6#5_meeting\2_CrossCorrelationADJLegacyLegacy.png]
[bookmark: _Ref442281434]Figure 4: Cross correlation between any 2 TSCs of legacy RACH, legacy EC-RACH or normal bursts on adjacent channels. N1=41, N2=26. (Both +200 kHz and -200 kHz adjacent interference used)
[image: C:\work\GSM\material\GBASE\GCL\Task\RAN6\RAN6#5_meeting\4_CrossCorrelationADJTS8Legacy.png]
[bookmark: _Ref442281471]Figure 8: Cross correlation between TS8 and any TSC of RACH, legacy EC-RACH, or normal bursts on adjacent channels. N1=41, N2=26. (Both +200 kHz and -200 kHz adjacent interference used)
Conclusions
A candidate sequence for the EC-RACH CC5 training sequence code TS8 has been proposed and its sensitivity, co-channel interference and adjacent-channel interference performance has been evaluated. The performance of the proposed new TSC (TS8) meets the target performance gain (see [1]) from EC-RACH CC4 and allows enough margin (even in case of interferers with all legacy RACH/EC-RACH TSCs) for the requirements of EC-RACH CC5 to be specified in 3GPP TS 45.005 and performs as well as the temporary TSC (derived from TS4, TS5, TS6 and TS7) for simulations shown in [4]. Both auto-correlation of the new TS8 and cross-correlations between TS8 and all legacy TSCs for access burst and normal burst have been shown to meet the assumptions in [5].
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