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1. Introduction

In order to specify a radio access for cellular internet of things, NB-IOT was started at RAN1#82bis as per RP-151621. Since then, a great progress has been made especially on evaluations, OFDM parameters, and synchronization design. 

This contribution highlights issues to be stressed for control channels of NB-IOT. Section 2 and Section 3 discuss downlink control channel (NB-PDCCH) and uplink feedback (HARQ-ACK, PMI, RI, CQI, SRS), respectively. 


2. NB-PDCCH 

One of the objectives of NB-IOT is to realize ultra-low device cost. For this reason, the number of types of downlink control channels should be as small as possible.
Therefore, HARQ-ACK regarding NB-PUSCH should be transmitted using NB-PDCCH instead of legacy PHICH. Also, multiple HARQ-ACKs corresponding to multiple UL transmissions from different UEs should be multiplexed into a single DCI for efficient use of resources.

Proposal 1: There is no NB-PHICH in NB-IOT. HARQ-ACK regarding NB-PUSCH is transmitted using NB-PDCCH. HARQ-ACK multiplexing in a single DCI is supported.


3. Uplink feedback for NB-IOT

In this Section, we consider how to deal with uplink feedback information such as HARQ-ACK, PMI, RI, CQI, and SRS.

· HARQ-ACK
For the same reason as we discussed in Section 2, HARQ-ACK regarding NB-PDSCH should be transmitted by piggy-backing on NB-PUSCH based on Rel-8. Support of HARQ-ACK multiplexing with regard to multiple NB-PDSCHs dedicated to different UEs is for further study.

Proposal 2: There is no NB-PUCCH in NB-IOT. HARQ-ACK regarding NB-PDSCH is transmitted using NB-PUSCH. HARQ-ACK transmission on NB-PUSCH is based on Rel-8.

· PMI and RI
Since NB-IOT does not support spatial multiplexing of data, there is no need to support PMI and RI feedback.

Proposal 3: PMI and RI feedback is not supported for NB-IOT.

· CQI
In order for NB-IOT to support 3 types of coverages (normal, extended, extreme) and at least two kinds of modulation orders (QPSK, 16QAM), CQI feedback is supported.

Proposal 4: CQI feedback is supported for NB-IOT.

· SRS
[bookmark: _GoBack]SRS is intended to be used by eNB for channel-state estimation to support uplink channel-dependent scheduling and link adaptation. Also, the SRS can be used for the network to be able to estimate the uplink receiving timing. Since IOT devices are not only using narrow band of one PRB but stationary, uplink channel-dependent scheduling and timing adjustment using SRS is not necessary.

Proposal 5: SRS is not supported for NB-IOT.


4. Conclusions

Based on the discussions above we propose following for the downlink:
Proposal 1: 
There is no NB-PHICH in NB-IOT. HARQ-ACK regarding NB-PUSCH is transmitted using NB-PDCCH. HARQ-ACK multiplexing in a single DCI is supported.

Based on the discussions above we propose followings for the uplink:
Proposal 2: 
There is no NB-PUCCH in NB-IOT. HARQ-ACK regarding NB-PDSCH is transmitted using NB-PUSCH. HARQ-ACK transmission on NB-PUSCH is based on Rel-8.

Proposal 3: 
PMI and RI feedback is not supported for NB-IOT.

Proposal 4: 
CQI feedback is supported for NB-IOT.

Proposal 5: 
SRS is not supported for NB-IOT.
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