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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]. In this contribution, we discuss MAC layer operations for NB-IoT systems.
2. Operation without Uplink Control Channel
In the legacy LTE system, the physical channel PUCCH is used to carry uplink control information (UCI), such as scheduling request (SR), ACK/NACK feedback for HARQ, and CQI report. However, in NB-IoT, separate uplink control channel may not be supported in RAN1.

Observation 1.
Absence of physical uplink control channel has impacts on NB-IoT MAC layer operations.
In addition, the following traffic patterns should be considered for NB-IoT:
· MO data: exception and periodic report by UE (short connection)

· 1) small data delivery over NAS using SRB1 or 2) normal data delivery on DRB
· MT data: Network triggered command or software update
Support for scheduling in UL-SCH data transfer
For DL data transfer, paged UEs would monitor downlink control channel to receive scheduling information. 

As highlighted above, uplink connections for UEs are expected to be short-lived, with small amount of data to be transferred either as a periodic or an exception report. 

For LTE UEs, SR will be triggered when new UL-SCH resources are needed. Considering the traffic pattern, dedicated SR may not be necessary for NB-IoT UEs, since random access procedure can be initiated to request resource when necessary. However, for uplink scheduling purposes, buffer status reporting would still be useful. For example, in the MO (uplink) data transfer scenarios mentioned above, eNB should allocate enough resource for the UE to send BSR MAC CE as part of its initial uplink data PDU.   

Observation 2.
With no dedicated SR, BSR can be used to indicate the amount of uplink data to be transferred.
CQI Reporting
Lack of uplink control channel may imply changes in the way upper layers configure and utilise periodic reporting of measurements e.g, CQI. Several options can be considered, as follows:
Option 1.
No periodic reporting operations is configured from upper layers: aperiodic CQI reporting can be requested by eNB when downlink control information is sent to schedule for uplink data resource.

The first option may be the easiest and the most obvious option, as is already used in LTE systems.
Option 2.
Use a new MAC IE to report CQI to eNB.

The second option implies that there needs to be uplink resources scheduled for the UE. 
Proposal 1.
PUCCH is not needed for channel quality reporting.
HARQ operation

Based on observations made above, the following additional observation can be made:
Observation 3.
The only potential need for PUCCH in NB-IoT is to transfer HARQ feedback indication. 

This means that each connection made to the base station from UEs needs to be configured with PUCCH channel within the 1 PRB of resource, just so that HARQ ACK/NACK information can be transferred. Given that a significant portion of downlink transmissions in NB-IoT systems will be for network triggered command (with the rest being occasional/rare software update), it seems unreasonable to assume that uplink control channel is needed for layer 2 operations at the cost of precious physical channel resource. 
This however means HARQ ACK/NACK for downlink data needs to be sent on uplink data shared channel, whose use will need to be scheduled by the base station. Rather than reserving data channel resources to send feedback for every TTI, eNB can use scheduling information for robust downlink transmission (e.g. by controlling number of repetitions, number of re-transmissions). At the UE side, if it has decoded the MAC PDU successfully, it can choose to not decode further transmissions of the successfully decoded packet. Since RLC operates in an Acknowledged Mode, decoding failures can be taken care by RLC, or RLF can be triggered by the UE if appropriate conditions are met.

Proposal 2.
Feedback in UL HARQ is transferred on downlink control channel. For DL HARQ, layer 2 may not indicate positive or negative ACK.

Proposal 3.
Scheduling information contents should be set in such a way that ensures reliability for downlink transmission. It is up to the device to decide how to utilise the scheduling information.

3. Conclusions
In this contribution, the following observations and proposals have been made:
Observation 1.
Absence of physical uplink control channel has impacts on NB-IoT MAC layer operations.

Observation 2.
With no dedicated SR, BSR can be used to indicate the amount of uplink data to be transferred.

Proposal 1.
PUCCH is not needed for channel quality reporting.
Observation 3.
The only potential need for PUCCH in NB-IoT is to transfer HARQ feedback indication. 

Proposal 2.
Feedback in UL HARQ is transferred on downlink control channel. For DL HARQ, layer 2 may not indicate positive or negative ACK.

Proposal 3.
Scheduling information contents should be set in such a way that ensures reliability for downlink transmission. It is up to the device to decide how to utilise the scheduling information.
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