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Time domain phase generation for UL Overlaid CDMA in EC-GSM system
		
1.  Introduction
At GERAN#67, the work item named “Extended Coverage GSM (EC-GSM) for support of Cellular Internet of Things” (WI code: CIoT_EC_GSM) is approved, see [1].
In EC-GSM, Overlaid CDMA was proposed to increase the UL capacity, see [2]. It is further proposed in [2] to use Hadamard code to realize orthogonality between CIoT users. An alternative implementation of orthogonality is proposed in [3], where Fourier matrix is used.  For both [2] and [3], phase manipulation at CIoT device side is mandatory. However, this may need hardware change as the legacy GSM HW may not be flexible enough to generate these phase shifts.
In this document, we present one time domain approach to generate these phase shifts by adding or removing some dummy bits in the modulation.
2.  Time domain phase generation for UL Overlaid CDMA
In GSM system, GMSK modulation can be approximated to one  rotated BPSK signal, this is realized by adding a differentiator before the MSK modulation and Gaussian pulse shaping. By using the fact that one bit introduces    rotation no matter what the bit is, the UE can generate arbitrary integer times of   rotation.
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Figure 1 structure of GSM burst
In EC-GSM, the burst length could be 156 or 157, and in this document 156 is selected for illustration. As shown in Figure 1, one burst contains 148 (tails bits + data bits + TSC bits) bits and 8 dummy bits, and the dummy bits are used to fill the gap between burst transmission. The basic idea is to pad or reduce different number of dummy bits to generate the wanted phase shift. 
[bookmark: _GoBack]The GMSK modulated signal is defined by


Where  is the modulating data value (derived from the data bits),  second is the bit period,  [4] is a phase pulse and  is the time variable,  is the initial phase at .
The integration of  , expressed as  is shown in figure 2 and it shows the phase shift impact is negligible at a distance of more than two bits/symbols duration in either direction.
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Figure 2 GMSK phase shift function

The modulating data value  is derived from the data bit  as follows:
 (antipodal mapping)
 	(differential encoding)
Assume the initial bit is 0, which means 1, and then the GMSK signal at time  becomes to 
[bookmark: OLE_LINK2]
From the above formula, except of the bits in the transition time (), each bit transmission constantly increases phase by  .
2.1 Phase shift by bit padding
In figure 1, one GSM burst with 156 bit length is provided, as proven before, one bit constantly introduces   phase shift no matter what value the bit is. This can be used to generate arbitrary integer times of   phase shift
[image: ] 
Figure 3   phase shift generation at the beginning of the burst
In figure 3, one additional bit is fed to the GMSK modulator to generate  phase shift after two bits period. And this bit padding shouldn’t affect the time of the legacy GSMK bits transmission, it’s only used to generate the phase shift and there should be no real transmission for these padded bits.
Using n padding bits can generate  phase shift, which can generate all required phase shifts needed by overlaid CDMA.
In figure 4, one additional bit is padded to end of the burst to generate  phase shift 2 bits later, and this bit padding also shouldn’t affect the time of the legacy GMSK bits transmission, it’s only used to generate the phase shift. The dashed block is just used to represent the time duration, no new input to the modulator in that duration. 
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Figure 4   phase shift generation at the end of the burst
Padding n bits at the end of the burst can generate   phase shift for the following transmission.
2.2 Phase shift by dummy bit reducing
Consider the fact that there are 8 dummy bits each GSM burst, one alternative way to generate phase shift is to remove several dummy bits.
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Figure 5   phase shift generation at the beginning of the burst
In figure 5, one dummy bit is removed to generate the   phase shift after 2 bits. For the reduced bit, the RF can just transmit the un-modulated sine wave or not transmit anything, so there are two possible RF window options. And this bit reducing also shouldn’t impact the transmission time of the residual bits.
Reducing n dummy bits can generate  phase shift, which can generate all needed phase shifts used by overlaid CDMA. 
In figure 6, one dummy bit is reduced at the end of the burst to generate  phase shift for the following transmission. For the removed bit, the RF can just transmit the un-modulated sine wave or not transmit, so there are two possible RF window options. And this bit reducing shouldn’t impact the transmission time of the residual bits. 
[image: ]
Figure 6   phase shift generation at the end of the burst
Reducing n bits at the end of the burst can generate   phase shift, which will take effect for the following transmission.
2.3 Applicability of bit padding and dummy bit reducing
For single slot transmission, both bit padding and bit reducing can be used to generate the phase shift.
       For multi-slot transmission, only the bit reducing method can be used.
3. Summary
In this contribution, we have presented one dummy bits padding and removing method to generate the phase shifts needed by UL overlaid CDMA. This method makes it possible to directly reuse the legacy GSM HW with as less change as possible.

References
GP-151039, “New Work Item on Extended Coverage GSM (EC-GSM) for support of Cellular Internet of Things”, Ericsson LM, Intel, Gemalto N.V., MediaTek Inc., TeliaSonera AB, Sierra Wireless S.A., Telit Communications S.p.A., ORANGE, Nokia Networks, Alcatel-Lucent. GERAN#67.
GP-140609, “GSM Evolution for cellular IoT – Increasing UL capacity “, source Ericsson LM. GERAN#63.
GP-150355, “EC-GSM, Overlaid CDMA for extended coverage “, source Ericsson LM. GERAN#66.


1(5)

[bookmark: _Toc458939174]3(5)

oleObject1.bin

image3.emf
-3T -2T -T 0 T 2T 3T

0

0.2

0.4

0.6

0.8

1

Q(t)

time

GMSK phase shift function


image4.wmf
i

a


oleObject2.bin

image5.emf
x

0

x

1

x

2

...

0 0 0 1 1 1 1 x

139

x

140

x

141

0 0 0 1 1 1 1

(Tail + Data + TSC) 148 bits

Dummy bits Dummy bits

Tail bits Tail bits

0/1

2



RF Transmission Window


image6.emf
x

0

x

1

x

2

...

0 0 0 1 1 1 1 x

139

x

140

x

141

0 0 0 1 1 1 1

(Tail + Data + TSC) 148 bits

Dummy bits Dummy bits

Tail bits Tail bits

0/1

2



RF Transmission Window


image7.emf
x

0

x

1

x

2

...

0 0 0 1

X

1 1 x

139

x

140

x

141

0 0 0 1 1 1 1

(Tail + Data + TSC) 148 bits

Dummy bits Dummy bits

Tail bits Tail bits

2





RF Transmission Window option 1

RF Transmission Window option 2


image8.emf
x

0

x

1

x

2

...

0 0 0 1 1 1 1 x

139

x

140

x

141

0 0 0 X 1 1 1

(Tail + Data + TSC) 148 bits

Dummy bits Dummy bits

Tail bits Tail bits

2





RF Transmission Window option 1

RF Transmission Window option 2


image1.emf
x

0

x

1

x

2

...

0 0 0 1 1 1 1 x

139

x

140

x

141

0 0 0 1 1 1 1

One burst contain 156 bits

(Tail + Data + TSC) 148 bits

Dummy bits Dummy bits

Tail bits Tail bits


image2.wmf
{

}

1

,

1

+

-

Î

i

a


