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Introduction
At GERAN#62 a new feasibility study named Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (WI code: FS_IoT_LC)  was approved, see [1].
One of the candidate proposals in the study is Extended Coverage GSM (EC-GSM).
As part of the concept, the logical channels are catered to support devices in coverage beyond GPRS.
The channels are referred to as EC-channels, and in earlier contributions, a design of the EC-CCCH/D has been shown, together with performance evaluations, see [2] for details.
In [3] and [4] the performance was also evaluated for the DL CCCH, where also an alternative design was proposed. 
In this contribution, the existing design proposed in the TR, see [5], is further investigated in terms of performance by using different assumptions on receiver implementation.
EC-CCCH/D design
[bookmark: _Ref422595346]Current
The current EC-CCCH/D design is mapped onto four 51-multiframes, with the same burst repeated at most 64 times, see Figure 1 and Figure 2. The same link level performance applies for EC-PCH and EC-AGCH, although they are slightly different in how the blocks mapped to the 51-multiframe structure.
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[bookmark: _Ref422592677]Figure 1. Current EC-CCCH/D (EC-PCH) design. CC1 -> CC6
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[bookmark: _Ref422766595]Figure 2. Current EC-CCCH/D (EC-AGCH) design. CC1 -> CC6
The same channel coding is used for the whole repetition period, defined over one burst. For example, there will be 64 transmissions of the same EC-PCH/EC-AGCH block/burst, if it is addressing a device of coverage class 6 (CC6).
Receiver implementation
A receiver implementing the reception of the CCCH/D block could make use of both IQ accumulation and soft bit combination across the repetition interval. 
A 51-multiframe duration, is roughly 230 ms, and hence it is not advisable to make use of IQ accumulation over the 51-multiframe boundary since the propagation channel is not expected to be stationary during this time. Hence, IQ accumulation would be performed over at most 16 bursts within the 51-multiframe, i.e. using 4 set of soft bits between the 51-multiframes that can then be combined.
To alleviate the requirement on IQ accumulation and diminish the sensitivity to the residual frequency offset (as pointed out in [3] and [4]), a shorter IQ accumulation interval is advised, which leads to a higher number of soft bits needs to be combined.
Results
Simulation assumptions
The simulation assumptions are shown in Table 1.
[bookmark: _Ref422597221]Table 1. Simulation assumptions.
	Parameter
	Value

	MCS
	EC-CCCH/D

	Channel 
	TU

	Mobile speed
	1.2 km/h

	Band 
	GSM 900

	Os in demodulator
	1x

	Impairments
	Typical RX and TX.
Frequency offset following a normal distribution N(0,10) Hz.

	AFC
	In case of IQ accumulation: Correlator based. Range of possible frequency offsets detected [-100,100] Hz 


	Number of repetitions
	32 repetitions of the 2-burst AGCH/PCH block

	IQ accumulation
	Over 2,4,8 or 16 bursts

	Blind 51-multiframe detection
	On



Block error rate performance
As can be seen from Figure 3, , although negative impact of using less IQ accumulation is observed, the BLER target of 10% at SNR=-6.3 dB (MCL=164 dB) can still be fulfilled with good margin using IQ accumulation over 4 bursts, and closely be fulfilled when using IQ accumulation over 2 bursts (failing by 0.4 dB).
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[bookmark: _Ref422871928]Figure 3. Block error rate performance EC-CCCH/D.
It should be noted that IQ accumulation over 2 bursts should be able to provide even better performance by using a continuous frequency offset estimator (i.e. not only processing the bursts pair wise as done above), which allows a higher level of IQ accumulation without additional buffering of the soft bits.
In Figure 4, the performance for IQ=2 without frequency offset compensation and IQ buffering is shown. I.e. two bursts are still accumulated before calling the demodulator but since there is no frequency offset compensation, there is no need for separate buffers. As can be seen, the performance is only slightly impacted by frequency offsets up to 20 Hz.
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[bookmark: _Ref422771261]Figure 4. Block error rate performance EC-CCCH/D with no IQ buffering.
Provided that IQ buffering is used to provide a frequency offset compensation before combination of IQ samples, the memory required would be 640 IQ samples (320 I and Q samples are assumed per burst, no oversampling in the receiver, see Table 1), compared to the 10200 IQ samples derived in [3] and [4].
Conclusion
The paper has evaluated the EC-CCCH/D performance using different assumptions on IQ accumulation.
It can be seen that the optimum performance is achieved when assuming accumulation and frequency offset compensation over 16 bursts, but also that the performance can be maintained at 164 dB, with 0.4 dB negative margin, even if only 2 burst IQ accumulation is assumed.	
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