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[bookmark: _Ref421460494]At RAN#69 a new work item on narrowband IoT was agreed. In this contribution we estimate the system capacity for the Narrowband LTE (NB-LTE) system the NB-LTE system as described in [2] following the methodology given in in TR45.820 [1]. The evaluation is done in the same way as for the standalone case [3][4].
Capacity Performance Evaluation
A capacity evaluation has been performed using the same methodology and assumptions as in [3], but with a downlink transmit power of 35 dBm, which corresponds to 6 dB power boosting of the PRB assigned to NB-LTE in an 10 MHz LTE system with a total output power of 40 W, i.e. 20 W per antenna. However, in this evaluation, a single base station transmit antenna is assumed, so the downlink capacity provides a lower bound, since transmit diversity gains are not included. For the uplink, the assumption is that 8 of the 72 subcarriers are used as guard band.
First of all, since the uplink is not affected by the reduced downlink power, the uplink capacity is not changed much. In Figure 1 we see that the impact of using some subcarriers as guard band has minor impact on the capacity. With full frequency reuse 150,000 users per cell can be served. 
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Figure 1 Uplink capacity (in #uplink reports/200 kHz), based on scenario 2 with 
0.75 BPL correlation.
It has been shown in [4] that it is feasible to operate NB-LTE adjacent to LTE in the uplink, even though the uplink signals are not completely orthogonal due to the difference in subcarrier bandwidth. To anyway stress test the system, simulations have been performed where excessive external interference has been added in the uplink by increasing the uplink noise figure from 3 dB to 6 dB and 9 dB. This corresponds to a 3 dB and 6 dB noise rise over thermal noise due to external interference, which is a very high level of external interference. The evaluation results are shown in Figure 2 where the 1st percentile (worst percentile) user throughput is plotted against cell throughput. As can be seen, although the user throughput reduces, the system capacity is not much affected. Note that the targeted capacity of 52500 users per cell corresponds to 8.4 kbps traffic per cell, and as illustrated the system can achieve at least 23 kbps cell throughput which corresponds to more than 140,000 users, even with much increased external interference levels.
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Figure 2 Uplink capacity with varied noise figure, based on scenario 2 with 
0.75 BPL correlation.
Since the downlink transmit power is reduced in an inband deployment, it is interesting to study also the downlink capacity. Figure 3 shows that more than 170,000 devices per cell can be supported in the downlink, even when the power allocated to NB-LTE is only 35 dBm. 
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Figure 3 Downlink capacity (in #downlink messages/200 kHz), based on scenario 2 with 
0.75 BPL correlation.
Figure 4 shows that the user data rate in the downlink at the targeted system load is satisfactory even for the  users in worst coverage.
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Figure 4 Downlink performance of UEs at coverage limited locations. Performance is 
evaluated at the target system load of 52500 devices per sector.
Conclusions
The capacity of an in-band deployment is evaluated, and both downlink and uplink can support a load that is at least 3 times higher than the target of 52500 devices per cell.
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