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Frequency offset based UL Overlaid CDMA of GERAN CIoT Solutions EC-GSM

1.  Introduction
At GERAN#67, a new work item named Extended Coverage GSM (EC-GSM) for support of Cellular Internet of Things (WI code: CIoT_EC_GSM) was created, 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. This may lead to large hardware change since the state-of-art hardware may not be flexible enough to add phase shift at the beginning of a burst.

In this document, we present a third approach to realize overlaid CDMA. Instead of adjusting the phase, it manipulates the transmitting frequency of CIoT devices.

2.  Frequency offset based UL Overlaid CDMA
Due to inaccuracy of crystal of CIoT device, temperature drift and Doppler frequency shift, there’s an inevitable frequency difference between the BS and the CIoT device. So automatic frequency correction is mandatory for CIoT devices to combat the frequency difference. The basic idea of AFC is the following: based on some known knowledge, the frequency difference can be estimated. The estimated frequency difference is compensated by tuning the crystal or PLL of the CIoT device. So different from manipulating the phase of local crystal/PLL, it’s easier to manipulate the frequency of local crystal/PLL.
	
	To make the idea more intuitive, two examples can be taken. One is for multi-slot scenario and the other is for single slot scenario.

	Example 1: suppose four CIoT devices are multiplexed and each CIoT device has four consecutive duplicates within one TDMA frame. The burst lengths of the four bursts are 157, 156, 156 and 156 bits respectively. When transmitting, each row of table 1 is applied to each of the four CIoT devices. 

Table 1 Artificial frequency offset matrix for overlaid CDMA users for multi-slot scenarios
	Burst index
Device
	1
	2
	3
	4

	CIoT device 1
	-862 Hz
	-868 Hz
	-868 Hz
	-868 Hz

	CIoT device 2
	-431Hz
	-434 Hz
	-434 Hz
	-434 Hz

	CIoT device 3
	0 Hz
	0 Hz
	0 Hz
	0 Hz

	CIoT device 4
	431 Hz
	434 Hz
	434 Hz
	434 Hz



The start phase of the four bursts for the four CIoT devices can be illustrated by figure 1 where ,  ,and  are the initial phase for user1, user2, user3 and user4 respectively.
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Figure 1. Initial phase mapping of four CIoT devices

	If CIoT device 1 is the interested device, the frequency offset of CIoT device 1 will be compensated. After that, the start phase of the four bursts for the four CIoT devices are tabulated in table 2. From it, we can see IQ accumulation for CIoT device 1 is constructive while IQ accumulation for other CIoT devices is destructive. 

Table 2: burst start phase after frequency offset compensation of CIoT device 1
	            Burst index
Device
	1
	2
	3
	4

	CIoT device 1
	
	
	
	

	CIoT device 2
	
	
	
	

	CIoT device 3
	
	
	
	

	CIoT device 4
	
	
	
	



	For other three CIoT devices, we can also make constructive superposition for the wanted devices while destructive superposition for the remaining three devices. 

Example 2:  suppose four CIoT devices are multiplexed, each device has four bursts which are evenly distributed over four TDMA frames. The analysis is similar with example 1. The frequency offset matrix should be changed to table 3

Table 3 Artificial frequency offset matrix for overlaid CDMA users for single-slot scenarios
	Burst index
Device
	1
	2
	3
	4

	CIoT device 1
	-108 Hz
	-108 Hz
	-108 Hz
	-108 Hz

	CIoT device 2
	-54 Hz
	-54 Hz
	-54 Hz
	-54 Hz

	CIoT device 3
	0 Hz
	0 Hz
	0 Hz
	0 Hz

	CIoT device 4
	54 Hz
	54 Hz
	54 Hz
	54 Hz



3. Summary
In this contribution, we have presented another approach to realize UL overlaid CDMA. Compared with the two approaches proposed in [2] and [3], the new approach requires almost no hardware changes and therefore easy for implementing.
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