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1 Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]There is no consensus about TPSK in the email discussion on WF R1-161470 after RAN1 #84 Meeting:
· For a UE that indicates the support of only single-tone transmissions, the following TPSK modulation formats are supported in the UL 
· (2,4)-TPSK and (4, 4)-TPSK with contiguous tone allocation as specified in Tables 2 and 3, respectively, in R1-160881.

In this contribution, we discuss the related aspects on TPSK, including standardization impact. 
2 Standardization impact 
The introduction of TPSK requires more effort on standardization of NB-IoT PUSCH. The impact includes the MCS/TBS tables, subcarrier allocation indication, etc.
The MCS/TBS tables design is based on the link performance of levels of modulation and coding scheme. The spectrum efficiency and numbers of TPSK levels and the corresponding MCS/TBS indices should be decided after performance comparison between TPSK and pi/2 BPSK/pi/4 QPSK with different code rates. Right now, the MCS/TBS tables for uplink NB-IoT are under discussion, and TPSK would affect the prior design, e.g. whether to reuse the spectral efficiency of the MCS table TBS table for PUSCH without TPSK.
In NB-IoT Ad-Hoc Meeting, agreements are achieved about the resource unit (RU), i.e., one resource unit schedulable in PUSCH transmission for the data consists of 8/32 msec at least for FDD for 15 kHz/3.75 kHz. TPSK may require additional explanation on RU, which would affect the design of TBS table.
Proposal 1: TPSK levels in MCS/TBS tables should be decided after link performance comparison between TPSK and pi/2 BPSK/ pi/4 QPSK with different code rates, which require more simulation effort.
To avoid interference from other UEs, a UE occupies two and four subcarriers for (2, 4)-TPSK and (4, 4)-TPSK respectively. If TPSK is adopted as single-tone transmission scheme, the subcarrier allocation should be considered. The signaling overhead may be increased, or otherwise the number of possible cases of subcarrier allocation would be limited. Thus the overhead and possible subcarrier allocation cases should be balanced. 
Proposal 2: The overhead for subcarrier allocation and possible subcarrier allocation cases for TPSK should be balanced.
Another issue is the subcarrier allocation for the reference. If frequency selection is considered, frequency hopping for reference can improve the accuracy of channel estimation and thus the link performance. The subcarrier allocation can be indicated by predefined sequence, e.g. PN sequence. In addition, the subcarrier position of references for adjacent cells can be arranged to avoid inter-cell interference. 
Proposal 3: Frequency hopping for the reference can be considered to exploit frequency selection and avoid inter-cell interference if TPSK is introduced, which require additional discussion.
3 TPSK-Enhancement for Multi-Tone Transmission
The main advantage of TPSK is peak rate improvement over pi/2 BPSK and pi/4 QPSK. However, the single-tone transmission does not target at peak rate and is not delay sensitive, either. Instead, single-tone transmission is more likely to be configured for bad channel condition. Also, comparing peak data rate between TPSK and pi/2 BPSK/pi/4 QPSK is unfair. In our view, more than one tone are allocated for TPSK, and TPSK is a multi-tone scheme in essence. In the email discussion on WF R1-161470 it is suggested to support TPSK if multi-tone transmission is not mandatory, but a UE supporting TPSK can also support multi-tone transmission without increasing the complexity. 
In this stage, UEs in NB-IoT system can improve the peak data rate by being configured with multi-tone transmission. TPSK can be viewed as an enhancement for multi-tone transmission. The introduction of TPSK requires more effort on standardization of NB-IoT PUSCH as listed in the above section. Due to limited time left for this release, TPSK may be further studied in the subsequent release. 
Proposal 4: TPSK can be viewed as an enhancement for multi-tone transmission. It requires more standardization effort and can be considered in the subsequent release. 
4 Conclusion
In this contribution, we discuss TPSK, including the standardization impact. Our proposals are as follows:
Proposal 1: TPSK levels in MCS/TBS tables should be decided after link performance comparison between TPSK and pi/2 BPSK/ pi/4 QPSK with different code rates, which require more simulation effort.
Proposal 2: The overhead for subcarrier allocation and possible subcarrier allocation cases for TPSK should be balanced.
Proposal 3: Frequency hopping for the reference can be considered to exploit frequency selection and avoid inter-cell interference if TPSK is introduced, which require additional discussion.
Proposal 4: TPSK can be viewed as enhancement for multi-tone transmission. It requires more standardization effort and can be considered in the subsequent release. 

