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1. Introduction
At RAN #69, a new work item named Narrowband Internet of Things (NB-IoT) was approved to specify a radio access solution for cellular internet of things [1]. The following options for uplink are stated.
· For the uplink, two options will be considered: FDMA with GMSK modulation (as described in 3GPP TR 45.820 section 7.3), and SC-FDMA (including single-tone transmission as a special case of SC-FDMA)
· Technical analysis will either perform a down-selection or decide on inclusion of both.
In this contribution, we give some observation and discussion regarding the options for uplink NB-IoT.
2. Observations
The uplink option with SC-FDMA meets all requirements of NB-IoT. Firstly, as we presented in [2], the PUSCH in uplink option with SC-FDMA satisfies 164dB MCL supporting more than 350 bps data rate which is more than twice of 160 bps which is constraints specified in [3]. Also PRACH satisfies 164dB MCL with more than 90% detection rate. 
Secondly, the battery lifetime of uplink option with SC-FDMA is larger than 10 years even in the extreme coverage mode (i.e. coupling loss=164dB) when a reporting interval is 1 day [4]. Note that the objective regarding battery lifetime specified in [3] is 10 year and the uplink option with SC-FDMA successively achieve the objective.

Lastly, it is verified that the uplink option with SC-FDMA can deliver the exception report to the network within 8 seconds with 99% confidence [5]. Note that the objective regarding the latency specified in [3] is 10 seconds and the uplink option with SC-FDMA successively achieve the objective.
Observation 1: The uplink option with SC-FDMA meets all requirements of NB-IoT.
In [6], impact on implementing the uplink option with SC-FDMA is observed. It is concluded that the uplink option with SC-FDMA can be implemented using a software update on existing LTE base stations.
Observation 2: The uplink option with SC-FDMA can be implemented using a software update on existing LTE base stations.
In [7], capacities of both uplink options are evaluated and compared via system-level simulations under stand-alone, in-band, and guard-band deployment scenarios. The conclusion is both options can meet the capacity requirements, but the uplink option with SC-FDMA has higher capacity and lower packet error rate than that with FDMA. FDMA show worse performance than SC-FDMA due to its large guard-band per each channel tone, while SC-FDMA does not request such overhead thanks to its OFDMA-based orthogonality nature.
Observation 3: The uplink option with SC-FDMA has higher capacity and lower packet error rate than that with FDMA.

In [8], the device complexity required to support the uplink option with SC-FDMA was analyzed including considerations for RF transceiver, baseband operations, and protocol stack implementation. The estimated required device complexity for NB-LTE stack up favorably when compared to GPRS and at the same time, are competitive to the that for support of NB-CIoT [9].
Observation 4: The estimated device complexity of the uplink option with SC-FDMA is competitive to that with FDMA.

In [10], receiver complexities of base station for both NB-IoT uplink options are analyzed. It is observed that UL option with SC-FDMA has less computational complexity compared to that with FDMA mainly due to efficiency of FFT operations.
Observation 5: UL option with SC-FDMA has less computational complexity compared to that with FDMA.
From above observations, it is recommended to adopt uplink option with SC-FDMA for the uplink transmission of NB-IoT.
Proposal 1: it is recommended to adopt uplink option with SC-FDMA for the uplink transmission of NB-IoT.

3. Conclusions

In this document, we give some observation and discussion regarding the options for uplink NB-IoT. The observation and proposals are as follow.
Observation 1: The uplink option with SC-FDMA meets all requirements of NB-IoT.

Observation 2: The uplink option with SC-FDMA can be implemented using a software update on existing LTE base stations.

Observation 3: The uplink option with SC-FDMA has higher capacity and lower packet error rate than that with FDMA.

Observation 4: The estimated device complexity of the uplink option with SC-FDMA has competitive to that with FDMA.

Observation 5: UL option with SC-FDMA has less computational complexity compared to that with FDMA.
Proposal 1: it is recommended to adopt uplink option with SC-FDMA for the uplink transmission of NB-IoT.
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