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EC-GSM – Link-Level Performance of EC-PCH
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 main objectives in FS_IoT_LC is to increase the coverage compared to existing GPRS services. In case of evolving GSM, the most straight forward way is to make use of blind repetitions. This is what has been proposed for the Extended Coverage GSM (EC-GSM) concept (earlier known as GSM Evolution), see [2].
In this contribution, the Link-Level performance of EC-PCH with blind repetitions is provided, and it shows current repetition scheme has risk to satisfy the SNR requirement and is very memory consumptive, and it’s not an implementation complexity economical method.
EC-PCH burst mapping with blind repetition
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[bookmark: _Ref396211801]                   Figure 1. EC-PCH mapping. CC1 (top), …, CC6 (bottom)

As Figure 1 shows, burst mapping is different for different coverage class [3].To achieve the -6.3 dB SNR performance requirement, 32 radio blocks as shown in burst mapping of CC6 should be used. 
Simulations
Simulation assumptions
Simulations have been run for EC-PCH using 32 blind transmissions of radio block.
The simulation assumptions from [3] have been followed. Some of the parameters are listed in Table 1.
[bookmark: _Ref409870382]Table 1. Simulation assumptions
	Parameter
	Value

	Logical Channel
	EC-PCH

	Channel 
	TU

	Mobile speed
	1.2 km/h

	Band 
	GSM 900

	Impairments
	Typical RX and TX.  Frequency offset=0/5/10/30/60Hz

	FEFC
	Range of possible frequency offsets detected [-108,108]Hz

	Number of repetitions
	32

	CC
	6


		
In the simulation, the performance with and without IQ accumulation are compared.
Results


Figure 2. Performance of EC-PCH without IQ Accumulation

As can be seen from figure 2, without IQ accumulation, the performance of EC-PCH is around 3 dB worse than the -6.3 dB requirement.

Figure 3 is the performance with IQ accumulation within every 51 multi-frame. In figure 3, 0 Hz, 5 Hz and 10 Hz frequency offsets are simulated. The performance of 0 Hz frequency offset is very close to the performance of Ericsson. However, the performance is highly influenced by frequency offset. When the frequency offset is 5 Hz, the performance degradation is around 2 dB and the performance is very close to the -6.3 dB requirement. When the frequency offset is 10 Hz, the performance degradation is around 10 dB.  So, in order to fulfill the performance requirement, frequency offset should be less than 5 Hz. To achieve so stringent frequency offset requirement, offline Frequency Offset and Frequency Compensation (FEFC) must be used. That means IQ samples of 16 bursts which belong to the same 51 multi-frame must be buffered to improve the SNR and therefore improve the performance of FEFC. Buffering IQ samples of 16 bursts requires 10 k 16-bit word (each burst has 320 complex-value IQ samples, so there are 320*2*16 = 10 k word). Besides, to accumulate IQ samples, continuous phase should be guaranteed for the 16 bursts within one 51 multi-frame at both the BS side and the UE side. This requires the RF or at least PLL of both BS and UE is kept running. It’s not efficient from view point of power saving.


Figure 3. Performance of EC-PCH with IQ Accumulation
Proposal 
Blind repetition in one TDMA frame can avoid the sensitivity to frequency offset, figure 4 is a mapping scheme by repeat 8 times in one TMDA frame as following.
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Figure 4. EC-PCH mapping of CC6 with blind repetition in one TDMA frames
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Figure 5. EC-PCH with 8 burst IQ Accumulation and blind repletion in one TDMA frame
[bookmark: _GoBack][image: ]
Figure 6. EC-PCH with 16 burst IQ Accumulation and blind repletion in one TDMA frame
Figure 5 and figure 6 are the link level simulation result with 8/16 burst IQ accumulation. The result shows even with up to 30Hz, the EC-PCH can achieve the -6.3dB SNR requirement.
One additional benefit can be get by blind repeating in one TDMA Frame, the RF and system running time is reduced by 8 times (for old solution, in order to keep the phase continuous, RF and system should keep on during the whole IQ Accumulation duration)
Conclusions
For EC-PCH, there is risk to satisfy the -6.3dB SNR requirement with the current 32 blind repetition, and the link level simulation result shows it is very sensitive to the residual frequency offset, so it needs one ingenious and possible complicated FOE algorithm. And the need to compensate the frequency offset before the equalizer lead to high data memory cost, which is disadvantageous to a low cost and complexity implementation. 
One proposal is given to use blind repetition in one TDMA frame, which can remove the high sensitivity to the frequency offset. And this method also benefits the power consumption reduction.
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