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Evaluation of UL CDMA for GSM Evolution
1 Introduction
At GERAN#62 a new SI called Cellular IoT (FS_IoT_LC) [1] was approved. A proposal of increasing UL capacity through CDMA technique with repetition scheme for GSM evolution was presented in telco#1. This paper provides more evaluation results on this proposal. 
2 Background
In [2] it is stated that the proposed repetition scheme can improve capacity by multiplexing multiple users on the same radio block through CDMA. Each user repeats its blocks using an assigned orthogonal code. Hadamard transform could be used to generate the orthogonal codes.
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Figure 1 Phase shift of MS1 and MS2 when multiplexing two users
Figure 1 describes the case of two users repeating a single burst over the eight time slots (TS) of the TDMA frame. The wanted signal utilizes the code [1 1] while the interference signal uses the code [1 -1].
The basic assumption of this proposal is that the transmission and reception of the signal need to have a certain level of coherency, which means that the radio channel cannot change too much during a repetition period. A number of factors like frequency error, channel variation and power imbalance between the users being multiplexed have an impact on the link level performance. In this paper, all these factors are taken into account to evaluate the performance of this proposal.
3 Simulations
3.1 Simulation assumptions
Table 1 simulation assumptions
	Parameter
	Value

	Link direction
	Uplink

	Frequency band
	900 MHz

	Channel propagation
	TU

	Doppler spread
	1 Hz

	Interference profile
	Sensitivity 

	CDMA code length
	4

	Number of repetitions
	4 and 8 (within a TDMA frame)

	Antenna configuration
	1T2R

	Frequency error
	Case 1: Randomly chosen from -90 Hz and 90 Hz

Case 2: Randomly chosen from -25 Hz and 25 Hz
for wanted signal and each interferer

	SCPIR
	-3 dB, -10 dB


It should be noted that only CDMA code length (and the number of multiplexed users) of 4 was assumed in the simulation. A CDMA code length (and the number of multiplexed users) larger than 4 is not expected to provide better results.
Sub Channel Power Imbalance Ratio (SCPIR) was defined as the power ratio between the wanted signal and one of the interferers (The same power level was assumed for each interferer). Note that in an efficient IoT system, in which uplink transmissions from the UE must be minimised in order to ensure good battery life, the ability to perform reliable uplink power control may be diminished significantly compared with conventional GSM applications. This means that significant uplink power imbalance between different UEs is likely to be the typical situation, and that an SCPIR of -10 dB assumed in this document may not be the worst case in the field.
3.2 Simulation results
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Figure 2 Frequency error=±90Hz (case 1), SCPIR=-3dB
Figure 2 depicts the performance at SCPIR = -3dB and frequency error = ±90Hz. Both 4 and 8 repetition cases are taken into account. A substantial performance loss is observed for both 4 and 8 repetitions (3.5 dB and 4 dB, respectively). In the latter case, as indicated by Figure 1 of [3], to compensate the 4-dB loss at the 8-repetition point, 32 repetitions would instead be required for the CDMA scheme. On the other hand, the radio sources consumed by the 32 repetitions could have been allocated to the same 4 users in a TDMA manner (i.e. each with 8 repetitions), resulting in the same performance. In other words, no capacity gain can be observed for the CDMA scheme in this case.
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Figure 3 Frequency error=±25Hz (case 2), SCPIR=-10dB
It can be seen from Figure 3 that the impact of SCPIR is obvious. There are about 1.4 dB and 1.6 dB performance losses for the 4 and 8 repetition cases, respectively. So, the influence of power imbalance is significant even in the low frequency error case.
4 Conclusion
The CDMA-based UL capacity enhancement scheme proposed in [2] have been evaluated at link level with different frequency error and SCPIR settings. The performance is substantially impacted by frequency error and moderately impacted by SCPIR. 
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