3GPP TSG GERAN Ad Hoc #3 on FS_IoT_LC		Tdoc GPC150435
Kista, Stockholm, Sweden		Agenda item 1.4.2.1
[bookmark: _Ref515183447]29th June -  2nd July, 2015
Source: Ericsson
3GPP TSG GERAN Ad Hoc#3 on FS_IoT_LC		Tdoc GPC150435
EC-GSM, Alternative EC-SCH design
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-SCH has been shown, see [2] for details.
In [3] an alternative EC-SCH design was evaluated. This paper investigates this alternative design further.
EC-SCH design
[bookmark: _Ref422595346]Current
The current EC-SCH design is mapped onto 2 51-multiframes, with its content repeated 14 times, see Figure 1.
[image: ]
[bookmark: _Ref422592677]Figure 1. Current EC-SCH design.
When repeating a single instance of the EC-SCH over a pair of two consecutive 51-multiframes, a negative modulation index is used to indicate the border change of the EC-SCH information in the 51-multiframe. By detecting the modulation index, using de-rotation of /2 or -/2, a mobile can determine if a SCH burst is transmitted over an even or odd numbered 51-multiframe.
The signaling of the frame number within the quarter hyper frame is defined by:
FNQH = (51 x 26 x T1') + (2 x 51 x T2' + 51 x T2'') + T3''
where
[bookmark: _GoBack]T1' (9 bits) range 0 to 511 = 9 least significant bits of T1 = T1 mod 512
T2' (4 bits) range 0 to 12 = (FN –T1*26*51) div 102
T2'' (1 bit) signaled trough the detected GMSK modulation index
T3'' will be determined through the mapping of the FCCH onto specific TDMA frames within 51-multiframes sent on TS0 and will be an element in the set {0, 10, 20, 30, 40}.

Alternative
Mapping
The alternative design uses the same mapping per multiframe, i.e. it makes use of the 7 first bursts. But, instead of repeating the same information over two 51-multiframes, it is repeated over four 51-multiframes, see Figure 2.
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[bookmark: _Ref422592709]Figure 2. Alternative EC-SCH design.
In [3] it was shown that the alternative EC-SCH design could fulfil the extended coverage requirement of the study when only relying on chase combining between the 28 transmissions (no IQ accumulation). Using chase combining also makes the design more resilient to residual frequency errors.
[bookmark: _Ref422595785]Signaling of multiframe boundary
In order to detect the four 51-mulitframe boundary, instead of using a negative modulation index, it is proposed to use a circular shift of the encoded bits of the EC-SCH. A different circular shift is applied depending on which 51-multiframe within the four 51-multiframe boundary is considered.
The circular shift by N bit positions is written as: circ_shift(encoded_bits,N), where N is applied as in Figure 2, i.e. one shift per 51-multiframe. This allows either a device implementation that use IQ accumulation in combination with chase combining or an implementation that uses only chase combining.
The receiver would perform the reverse operation (opposite shift) before combining the soft bits. This also implies a hypothesis testing (up to four) before finding the multiframe boundary.
Frame number signaling
Due to the extended repetition period, the signaling of the frame number in the EC-SCH content need to be changed compared to the current EC-SCH design (see Section 2.1).
T1' signaling the super frame can be reduced with 1 bit since the repetition of the four 51-multiframe boundary is performed over two superframes to get an equal number of four 51-multiframe periods within an equal number of superframes, see Figure 3. 
T2' remains at 4 bits but will instead of pointing at the 13 possible four 51-multiframe periods within the superframe pair. 
T2'' is, instead of being signaled by the modulation index, signaled as described in Section 2.2.2, and will take one of four values.
FNQH = (51 x 52 x T1’) + (4 x 51 x T2' + 51 x T2'') + T3''
where
T1' (8 bits) range 0 to 255 = 8 least significant bits of T1 = T1 mod 256
T2' (4 bits) range 0 to 12 = (FN –T1*26*51) div 204
T2'' (2 bits) signaled trough the cyclic shift pattern
T3'’ (3 bits)	as defined for the current EC-SCH design
[image: ]
[bookmark: _Ref422868911]Figure 3. 4 51-multiframe repetition period over 2 superframes.
Results
Simulation assumptions
The simulation assumptions are shown in Table 1.
[bookmark: _Ref422597221]Table 1. Simulation assumptions.
	Parameter
	Value

	MCS
	EC-SCH

	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(8,45) Hz.

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


	Number of repetitions
	14 (Current EC-SCH design)
28 (Alternative EC-SCH design)

	Blind 51-multiframe detection
	On


Block error rate performance
As can be seen from Figure 4, the use of 28 repetitions does not rely on the use of IQ accumulation, but only soft bit combination (chase combining), while still having a BLER lower than 10% at SNR=-6.3 dB (MCL=164 dB).
IQ accumulation is at most used across 7 TDMA frames within the 51-multiframe. It could be noted that using only soft bit combination when using 14 repetitions would still allow for a functional design where initial BLER is at 20%. Hence, this implies that the EC-SCH acquisition time would increase compared to using IQ accumulation, but the device is still able to synchronize to the network.
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Figure 4. Block error rate performance current and alternative EC-SCH design.
Residual time offset
The distribution of the residual time offset at MCL = 164 dB is shown in Figure 5, for the case when EC-SCH is decoded based on either 14 (using IQ accumulation) or 28 repetitions (using chase combining).
The synchronization position is chosen based on the set of softs with the higher average value. Also, the center of mass of the channel is compensated for from the channel estimation.
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[bookmark: _Ref422597949]Figure 5. Residual time offset
The residual offset is within ±1 symbol is very similar between the current design and the alternative design, with 99.7-99.9% of the realizations falling within this span.
Residual frequency offset
The residual frequency offset at MCL = 164 dB for two designs are shown in Figure 6. The PDF of a normal distribution with the zero mean and 10 Hz standard deviation is also shown for comparison. Both designs fulfil the assumption on N(0,10), which is the smaller residual frequency offset according to the common simulation assumptions in the study, see [2].
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[bookmark: _Ref410168581]Figure 6: Distribution of residual frequency offset.
Conclusion
The paper has evaluated the alternative EC-SCH design proposed in [3].
Simulations confirm the improved link performance by using 28 instead of 14 repetitions. The use of only chase combining is also confirmed while managing to reach below 10% BLER at MCL=164 dB.
Residual time and frequency offset have also been evaluated, which has been shown to be similar for both designs. The impact on latency due to the new design is evaluated in [4].
A pCR introducing the alternative EC-SCH design in the TR, can be found in [5].
References
GP-140421, “New Study Item on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (FS_IoT_LC) (revision of GP-140418)”, source VODAFONE Group Plc. GERAN#62.
[bookmark: _Ref422591235]3GPP TR 45.820 V1.3.1
GP-150406, “EC-GSM - Link-Level Performance of EC-SCH”, source Intel. GERAN#66.
GPC150437, “EC-GSM, Network synchronization with alternative EC-SCH design (update of GPC150198)”, source Ericsson LM. GERAN Ad Hoc #3 on FS_IoT_LC.
[bookmark: _Ref422869417]GPC150436, “pCR 45.820 EC-GSM, Alternative EC-SCH design”
1(5)
[bookmark: _Toc458939174]2(5)
image2.png
0

2

N — mod(# 51 mf.4)




image3.png
1 superframe




image4.png
BLER

0
10

10

-2
10

N=14; Only chase combining
N=14; 1Q accum. over 7 bursts
N=28; Only chase combining
N=28; 1Q accum. over 7 bursts

N

-10

-7 -6 -5
EN, [dB]




image5.png
PDF

0.9+

0.8

0.7

0.6

0.4

0.3

0.2

0.1+

N=14; Only chase combining
N=14; 1Q accum. over 7 bursts
N=28; Only chase combining
N=28; 1Q accum. over 7 bursts

-2

-1 0 1 2 3
Time offset [symbols]





image6.png
0.1+

0
-50

-40

-30

-20

N=14, 1Q acc. over 7 bursts
N=28, Only chase combining
N(0,10)

-10 0 10 20 30 40
Residual frequency offset [Hz]

50





image1.png
- O

N = mod(#51 mf,2)




