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1
Introduction

1.1
Background Information

A study on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things was approved at GERAN#62, see [1].
The study allows both for an evolution of GSM, to comply with the objectives of the study, and non-backwards compatible solutions by a new system design.

1.2
Reason for change

An overlaid CDMA technique has been proposed for EC-GSM. A performance evaluation is needed.
1.3
Summary of change
A performance evaluation based on [2] is added in a new subclause.
1.4
References

[1]

GP-140421, “Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things”, source VODAFONE Group Plc. GERAN#62
[2]

GP-150355, “EC-GSM, Overlaid CDMA for extended coverage”, source Ericsson LM, GERAN#66
pCR to 3GPP TR 45.820-v1.2.1
	First modification (added sub-clause)


6.2.6.x
Overlaid CDMA
This subclause contains a performance evaluation of EC-PDTCH/U with overlaid CDMA.
6.2.6.x.1
Simulation assumptions

The simulation assumptions follow the agreements listed in Annex C. Assumptions specific to this evaluation are summarized below. For more details, see GP-150355 [6.2-x].
The candidate specific frequency offset is assumed to have a normal distribution with zero mean and standard deviation 10 Hz.
Two SCPIR models are tested. In the first model (denoted “average” in the figure legends), the power levels of the subchannels (wanted and interferers) are uniformly distributed in the range -10 dB to + 10 dB, after which all levels are equally adjusted to place the level of the wanted signal at its original level. In the second model (denoted “worst case”) the power level of all interfering subchannels are set at +10 dB relative to the wanted signal.
The CDMA code length is aligned with the number of burst repetitions (4, 8 or 16).
A SIC receiver with 2 RX antennas (MRC) has been used.
A controlled phase shift between bursts in the transmitter and receiver has been assumed in the simulations.
6.2.6.x.2
Simulation results

In this section simulation results of overlaid CDMA are shown.

6.2.6.x.2.1
Block error rate
Figure 6.2-x shows BLER versus Eb/N0 with different number of multiplexed subchannels and 4, 8 and 16 repetitions, respectively. The following observations can be made:

· When two users are multiplexed, there is no visible impact to BLER performance (blue curves compared to black).

· When four users are multiplexed (green curves)

· In the case of 4 repetitions, there is a performance loss of 0.7 dB in the average SCPIR scenario and about 2.9 dB in the “worst case” SCPIR scenario.

· In case of 8 or 16 repetitions, there is no visible impact.

· When eight users are multiplexed (red curves; only simulated with 16 repetitions), there is a significant impact to BLER performance.
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Figure 6.2-x: BLER for  overlaid CDMA.

6.2.6.x.2.2
User throughput

The throughput experienced by an individual user on the channel is approximated by [image: image2.png]Tynax(1— BLER)



, where
the peak throughput
 [image: image4.png]


 for MCS-1 with 4, 8 and 16 repetitions is 8.8 kbps, 4.4 kbps and 2.2 kbps, respectively. 

The simulations results are shown in Figure 6.2-y for 4, 8 and 16 repetitions, respectively.
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Figure 6.2-y: User throughput for overlaid CDMA.

6.2.6.x.2.3
Channel throughput

The channel throughput is the total throughput of all users sharing the channel. To show the relative gain of overlaid CDMA the channel throughput is normalized by [image: image7.png]


 , the peak channel throughput without overlaid CDMA. The normalized channel throughput is approximated by [image: image8.png](1 — BLER)N, .,



 where [image: image10.png]


 is the number of users multiplexed on the channel.
The normalized channel throughput is shown in Figure 6.2-z for 4, 8 and 16 repetitions, respectively. Only the “average” SCPIR scenario is shown here since the scenario that all subchannels on a channel are 10 dB below all the others is unrealistic.
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Figure 6.2-z: Normalized channel throughput for overlaid CDMA.

It can be seen that the channel throughput scales almost linearly with the number of multiplexed users. 

6.2.6.x.2
Conclusions

With a repetition factor of 4, 8 or 16, the evaluated scheme and a SIC receiver can be used to multiplex up to four users on a channel with small or no degradation to the user throughput, compared to not using user multiplexing. Eight users can be multiplexed with some degradation in user throughput if a repetition factor of 16 is used. 

Consequently, the channel throughput scales roughly linearly with the number of multiplexed users. The use of a SIC receiver (or similar) at the BTS is already supported by current GSM base stations from the VAMOS feature. The complexity of the CDMA SIC is comparable to the VAMOS SIC.

It is proposed to adopt a maximum of four users for the overlaid CDMA functionality for EC-GSM. This also implies that the code length can be spread within a TDMA frame (coverage class 4, 5 and 6 all map the logical PDTCH channel to 4 consecutive TSs). In case of transmission over multiple TDMA frames (coverage class 5 and 6) the code is repeated.
It should be noted that even larger subchannel power imbalances than for the evaluated “worst case” SCPIR model are possible. It is the responsibility of the scheduling function in the network not to simultaneously schedule MS that differ too much in received signal level.
	Next modification
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� Measured at the RLC/MAC layer.
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