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2.1.2.1
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 revised NB-IoT work item was further approved at RAN#70 [2]. Regarding the uplink transmission, the following were considered:

· For the uplink: 

· Single tone transmissions are supported. Two numerologies should be configurable by the network for single-tone transmission: 3.75 kHz and 15 kHz. A cyclic prefix is inserted. Frequency domain sinc pulse-shaping in the physical layer description.

· Multi-tone transmissions are supported, based on SC-FDMA with 15 kHz UL subcarrier spacing.

· FFS: Additional mechanisms for PAPR reduction.
· The UE shall indicate the support single-tone and/or multi-tone, details to be discussed by RAN WGs
In this contribution, we discuss some design considerations in the uplink data transmission.
2. Single-Tone Transmission UEs 
According to the WID, the UE shall indicate the support single-tone and/or multi-tone. It is expected that some UEs may be only capable of sing-tone transmission only, and some UEs are capable of both single-tone and multi-tone transmissions. The UEs which are capable of single-tone transmission only may have limited data rate compared to the UEs with multi-tone transmission capability. Thus, the UEs which can transmit single-tone only can’t save their battery life even if they have good channel conditions. Therefore, it would be very beneficial if the UEs with single-tone transmission capability can achieve the same or similar data rate as the multi-tone transmission UEs.
One possible way is to consider single-tone transmission with tone selection for the single-tone transmission UEs. Since the UEs transmit single tone only, there is no PAPR increase. In [3], it is shown that for 2-tone case, data rate of single-tone transmission with tone selection is the same as the 2-tone transmission based on SC-FDMA.
Observation 1: For the UEs which are capable of single-tone transmission only, single-tone transmission with tone selection is beneficial to enhance data rate without PAPR increase. 
Proposal 1: For single-tone transmission UEs, consider single-tone transmission with tone selection.
3. Multi-Tone Transmission UEs
For the multi-tone transmission UEs, it is possible to have relatively high PAPR/CM which leads to high device cost, e.g., PA. Hence, it is beneficial to have low PAPR that can allow low device cost. 
A single/multi-tone transmission with tone selection can be used to reduce PAPR/CM while retaining data rate compared to multi-tone transmission based on SC-FDMA. 
Observation 2: For the UEs which are capable of multi-tone transmission, there is a need to reduce the PAPR. A single/multi-tone transmission with tone selection can be possible options.
4. Conclusions
This contribution presented some design considerations in the NB-IoT uplink. In summary, the proposals are as follows:

Observation 1: For the UEs which are capable of single-tone transmission only, single-tone transmission with tone selection is beneficial to enhance data rate without PAPR increase. 
Observation 2: For the UEs which are capable of multi-tone transmission, there is a need to reduce the PAPR. A single/multi-tone transmission with tone selection can be possible options.
Proposal 1: For single-tone transmission UEs, consider single-tone transmission with tone selection.
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