3GPP TSG GERAN Meeting #66                                                     GP-150409
Vilnius, Lithuania                                                                    	         Agenda item 7.1.5.3.5
[bookmark: _Ref515183447]25th – 29th May 2015
Source: Intel Corporation
Document for: Discussion

3GPP TSG GERAN Meeting #66                                                     GP-150409
																								         Agenda item 7.1.5.3.5

EC-GSM – Link-Level Performance of EC-PACCH
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-PACCH down link with blind repetitions is provided, and it shows current repetition scheme can fulfill the -6.3 dB SNR performance requirement.
EC-PACCH down link burst mapping with blind repetition
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[bookmark: _Ref396211801]                   Figure 1. EC-PACCH down link mapping. CC1,CC2 (top),CC3, …, CC6 (bottom)

As Figure 1 shows, burst mapping is different for different coverage class [3].To achieve the -6.3 dB SNR performance requirement, 16 TDMA frames as shown in burst mapping of CC6 should be used. 
Figure 2 elaborates the burst mapping of EC-PACCH down link [4] which occupies time slot 0 to time slot 3 in more details. Each radio block of EC-PACCH down link consists of four bursts. The four bursts of one radio block are mapped to the same time slot of four consecutive TDMA frames. Each burst will be repeated four times within one TDMA frame. So IQ accumulation can be applied to the four bursts which belong to the same TDMA frame.
[image: ]
Figure 2. Repetition pattern of EC-PACCH down link
Simulations
Simulation assumptions
Simulations have been run for EC-PACCH down link using 16 blind transmissions of one radio block.
The simulation assumptions from [3] have been followed.
Some of the parameters are listed in Table 1.
	[bookmark: _Ref409870382]Parameter
	Value

	MCS
	EC-PACCH down link

	Interference
	Reference sensitivity

	Channel 
	TU

	Mobile speed
	1.2 km/h

	Frequency hopping 
	Ideal frequency hopping1

	Band 
	GSM 900

	Impairments
	Typical RX and TX.  Frequency offset=0 Hz, 5Hz, 10Hz

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

	Number of repetitions
	162

	Blind modulation detection
	Ideal

	CC
	6

	Note 1: Ideal frequency hopping means that frequency hopping happens every TDMA frame.
Note 2: The unit of repetition is radio block. Each radio block of EC-PACCH down link consists of 4 bursts, so 16 repetitions need 64 time slots.
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Table 1. Simulation assumptions
	
	
For EC-PACCH down link, four time slots are used within one TDMA frame. The content of these four time slots are completely the same. So, IQ accumulation within one TDMA frame is used to improve the performance. 
Results

Figure 2. Performance of EC-PACCH down link

As can be seen from figure 2, when there’s a frequency offset of 3 Hz, the performance is around 3 dB better than the requirement; when the frequency offset is 30 Hz, there is negligible performance degradation; when the frequency offset is increased to 90 Hz, there’s around 0.7 dB performance degradation but the requirement can still be fulfilled with around 2 dB margin. Compared with EC-PCH/EC-AGCH, the performance of EC-PACCH down link is not so sensitive to frequency offset since only the four bursts within one TDMA frame are accumulated. Besides, continuous phase is guaranteed in the four accumulated bursts since they should be transmitted and received continuously at TX/RX side.

Conclusions
For EC-PACCH down link, with current coding scheme and burst mapping scheme, the -6.3 dB SNR requirement can be fulfilled. The performance is not very sensitive to frequency offset, so the requirement for FEFC is not as stringent as the requirement for EC-PCH/EC-AGCH.
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