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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 revised NB-IoT work item was further approved at RAN#70 [2]. At RAN1 NB-IoT Adhoc meeting [3], it was agreed that 
· For NB-PUSCH: 

· When multi-tone is allocated, QPSK is supported

· FFS: TPSK, 8-BPSK

In this contribution, we discuss some design considerations on UEs with single-tone transmission in the uplink.
2. TPSK Modulation 
According to the WID, the UE shall indicate the support single-tone and/or multi-tone. The UEs which can transmit single-tone only may have limited data rate compared to the multi-tone transmission UEs due to their capability. Thus, the UEs which can transmit single-tone only can’t save their battery life even if they have good channel conditions. To enhance data rate for the single-tone transmission UEs, TPSK can be used. As shown in [4], TPSK has better data rate compared to SC-FDMA with single-tone transmission when the channel condition is good. The UEs can use TPSK with adaptive manner according to the channel condition. Though TPSK is a multi-tone allocation scheme, the UEs still transmit single tone only, so there are no PAPR issues. 
Observation 1: For the single-tone transmission UEs, TPSK is beneficial to enhance data rate without loss of PAPR. 
Proposal 1: For the single-tone transmission UEs, consider TPSK.
1.1. Scattered DMRS pattern for TPSK modulation
To use TPSK for the single-tone transmission UEs, scattered DMRS pattern can be considered due to the single-tone transmission capability.

For (2,4)-TPSK, we can use the scattered DMRS as shown in Fig. 2-1.
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Figure 2-1. Scattered DMRS for (2,4)-TPSK
For (4,4)-TPSK, we can use the scattered DMRS as shown in Fig. 2-2.


[image: image2]Figure 2-2. Scattered DMRS for (4,4)-TPSK
Proposal 2: Consider scattered DMRS pattern in TPSK for the single-tone transmission UEs.

3. Conclusions
This contribution presented some design considerations in the NB-IoT uplink. In summary, the proposals are as follows:

Observation 1: For the single-tone transmission UEs, TPSK is beneficial to enhance data rate without loss of PAPR. 
Proposal 1: For the single-tone transmission UEs, consider TPSK.

Proposal 2: Consider scattered DMRS pattern in TPSK for the single-tone transmission UEs.
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