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1 Introduction
At RAN#69, a new work item named Narrow Band IOT (NB-IoT) was approved, see [1]. The objective is to specify a radio access for cellular internet of things that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimized) network architecture. At RAN#70, a revised work item description was approved, see [2].
NB-IOT should support 3 different modes of operation: 

1.
“Stand-alone operation” utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers, as well as scattered spectrum for potential IoT deployment.
2.
“Guard band operation” utilizing the unused resource blocks within a LTE carrier’s guard-band 

3.
“In-band operation” utilizing resource blocks within a normal LTE carrier
NB-IoT will support 180 kHz UE RF bandwidth for both downlink and uplink. Furthermore according to [2], 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.

In this contribution, we discuss the HARQ design for NB-IoT uplink shared channel, NB-PUSCH.

2 HARQ operation

As decided on RAN2#91bis, NB-IoT is based on LTE Rel-13 with the aim to re-use as much as possiblew.r.t. eMTC/eDRX enhancements [3]. Hence, the baseline for the NB-IoT HARQ design should follow this approach as well. For HARQ operations we believe that simplifications/optimizations can and should be made compared to eMTC due to the following main reasons:

· the agreement from RAN2#91bis to support only one HARQ process per direction,

· the agreement from RAN2#92 that a NB-IoT UE only needs to support half duplex operations to reduce device complexity,

· the need for battery efficient and low complexity operations for the NB-IoT UE,

No separate/dedicated HARQ feedback channels are assumed to be specified for NB-IoT as existing channels can preferably be used to simplify both work on specifications and implementations, i.e. no PHICH compared to legacy LTE exists to carry HARQ feedback in NB-IoT for NB-PUSCH. Thus, it is proposed that the HARQ feedback information shall be sent on NB-PDCCH for uplink NB-PUSCH data.
Proposal 1: HARQ feedback information for uplink data is sent on NB-PDCCH. 

In existing LTE the HARQ re-transmission in UL may be either adaptive or non-adaptive. For eMTC it has been decided that only adaptive HARQ shall be supported in the UL. It is proposed that for NB-IoT adaptive HARQ is supported for both uplink and downlink but non-adaptive HARQ for uplink should be left for FFS until more details on the physical layer is decided. Even if it is assumed that there will not be any PHICH for NB-IoT there could still be an NB-PDCCH DCI format that triggers a non-adaptive re-transmission. In this case the UE will use the same grant as for the previous transmission. In the absence of HARQ feedback on the NB-PDCCH an UL HARQ re-transmission should not be triggered, i.e. an UL HARQ transmission/re-transmission is always triggered by successful reception of something (e.g. new grant or a NACK DCI) on the NB-PDCCH.   

Proposal 2: Adaptive HARQ is supported for uplink.

Proposal 3:  It is left FFS if non-adaptive HARQ is supported in the uplink.

Proposal 4: UL HARQ re-transmissions should not be triggered by absence of HARQ feedback on the NB-PDCCH. 

In existing LTE the HARQ transmission/re-transmission timing is asynchronous in downlink and synchronous in uplink. For eMTC this has been changed for the uplink so that asynchronous HARQ is used for uplink as well. As there is only one HARQ process in the uplink in NB-IoT, the first transmission should be able to start at any time (but limited to when the UE monitors the NB-PDCCH). Asynchronous HARQ operation is beneficial for scheduling flexibility and efficiency. Furthermore, synchronous operation can be achieved by configuration of DRX parameters as a special case of asynchronous operation. Hence, it is proposed to have an aligned design with eMTC to support only asynchronous HARQ for both directions in NB-IoT.    

Proposal 5: The HARQ re-transmissions in the uplink are asynchronous. 

The figure below summarizes the proposals made in this contribution.
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3 Summary

In this contribution HARQ principles for NB-IoT uplink have been discussed. We make the below proposals.
Proposal 1: HARQ feedback information for uplink data is sent on NB-PDCCH. 

Proposal 2: Adaptive HARQ is supported for uplink.

Proposal 3:  It is left FFS if non-adaptive HARQ is supported in the uplink.

Proposal 4: UL HARQ re-transmissions should not be triggered by absence of HARQ feedback on the NB-PDCCH. 

Proposal 5: The HARQ re-transmissions in the uplink are asynchronous. 
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