Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG-RAN WG1 #83									R1-157408
15 - 22 Nov 2015
Anaheim, US

Source: 	Ericsson
[bookmark: Title]Title:	NB-IoT - System level evaluation and comparison – Guard band
Agenda Item:	6.2.6.1.2
Document for:	Discussion
[bookmark: _Ref409106980][bookmark: _Ref387147111][bookmark: _Ref416466774]Introduction
At RAN#69, a new work item named NarrowBand IOT (NB-IOT) was approved, see [1]. The objective is to specify a radio access for cellular internet of things that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimized) network architecture. 
NB-IOT should support 3 different modes of operation: 
1.	“Stand-alone operation” utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers
2.	“Guard band operation” utilizing the unused resource blocks within a LTE carrier’s guard-band 
3.	“In-band operation” utilizing resource blocks within a normal LTE carrier
NB-IOT currently includes two uplink options under consideration, SC-FDMA, and FDMA with GMSK modulation, and two downlink options, OFDM with 3.75 kHz subcarrier spacing, and OFDM with 15 kHz subcarrier spacing. In this contribution, a multi-cell system capacity comparison between the NB-IOT design options is presented. The simulation assumptions as described in [2] are fully adopted. 
In this contribution, guard band operation is evaluated. 
Capacity Performance Evaluation
A capacity evaluation following the same methodology as in [3] has been performed. However, for the guard band case, the downlink power has been adjusted. A downlink output power of 35 dBm is assumed for NB-IOT. That is a PSD level that is 6 dB higher than LTE, for a 10 MHz LTE system with 40 W total output power.
Downlink Capacity Performance Evaluation
Figure 1 shows the DL capacity for the 15 kHz DL option in the guard band case with 35 dBm transmit power for NB-IOT. We see that the DL capacity is around 210,000 devices per cell.
Observation: The 15 kHz DL option can support 210,000 devices per cell in the guard band mode.
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Figure 1 Downlink capacity (in worst percentile user throughput), based on scenario 2 with 
0.75 BPL correlation.
In Figure 2 we see that the user data rate in the downlink even for the UEs in worst coverage is good.
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Figure 2 Downlink performance of UEs at coverage limited locations. Performance is 
evaluated at the target system load of 52500 devices per sector.
Uplink Capacity Performance Evaluation
Uplink capacity results are shown in Figure 3. The vertical black line represents the target number of devices per cell. It can be seen that both UL options meet the capacity target with reuse 1, but SC-FDMA by far outperforms FDMA with GMSK. Since the option with FDMA and GMSK has been proposed to operate with fractional frequency reuse, with a reuse factor of 3, the capacity comparison is performed also for this case. 
In Figure 4 we see how the user throughput for the worst percentile users varies with traffic load. We see that GMSK with reuse 1 can handle about 106,000 devices per cell, while SC-FDMA handles almost the double, 207,000 devices per cell. In Figure 5 we see that when FDMA with GMSK is configured for reuse 1/3, the capacity is just 49,000 devices per cell, which is below the capacity target of about 52,500 devices per cell. 
Observation: SC-FDMA has about twice the capacity compared to GMSK for the same frequency reuse factor.
Observation: With the overhead assumed in this contribution, GMSK doesn’t fulfil the capacity requirement for reuse 1/3.
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[bookmark: _Ref429234139]Figure 3: Comparison between SC-FDMA and FDMA+GMSK uplink capacity (in #messages/hour), based on scenario 2 with 0.75 BPL correlation
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[bookmark: _Ref434630457]Figure 4: Comparison between SC-FDMA and FDMA+GMSK uplink capacity (worst percentile user throughput), based on scenario 2 with 0.75 BPL correlation
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[bookmark: _Ref434630459]Figure 5: Comparison between NB-LTE reuse 1 and NB-CIoT reuse 3 uplink capacity. 

Conclusions
Observation: The 15 kHz DL option can support 210,000 devices per cell in the guard band mode.
Observation: SC-FDMA has about twice the UL capacity compared to GMSK for the same frequency reuse factor in guard band mode.
Observation: With the overhead assumed in this contribution, GMSK doesn’t fulfil the capacity requirement for reuse 1/3 in guard band mode.
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