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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. MAC Functions for NB-IoT
In the legacy LTE system, the physical channel PUCCH is used to signal uplink control information (UCI), such as scheduling request (SR), ACK/NACK feedback for HARQ, and CQI report, all of which are services expected from PHY layer. However, in NB-IoT, separate uplink control channel may not be supported in RAN1.

Observation 1.
Absence of physical uplink control channel may impact NB-IoT MAC layer operations.
We also note the following agreements made in NB-IoT Ad-hoc meeting for RAN1:
For downlink,
· multiple NB-IoT carriers operation for NB-IoT is supported at least for in-band, guard-band operation modes
· Only cross subframe scheduling is supported
For uplink,
· Periodic CSI and dedicated SR are not supported in Rel-13 NB-IoT

· Transmission of ACK and/or NACK corresponding to NB-PDSCH is supported

· Both 3.75 and 15 kHz subcarrier spacing are supported in transmission of ACK and/or NACK
· FFS for the piggy back of SR
Scheduling
In the absence of dedicated SR signalling, random access procedure would 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.
HARQ Operation

Proposal 1.
For UL transmission, adaptive HARQ is supported with PDCCH indicating positive or negative acknowledgement. 
For downlink, the absence of dedicated control channel in the uplink mean that HARQ ACK/NACK for PDSCH transmission need to be transmitted on PUSCH. In theory, a separate channel could be defined specifically for the purpose of feedback, but this seems to defeat the purpose of removing PUCCH. 

Observation 3.
Considering the absence of uplink control channel, scheduling support for DL HARQ feedback on PUSCH is needed.
Option 1. Timing and occasion of PUSCH for feedback are scheduled through DCI on PDCCH (which may or may not be a part of the DCI for PDSCH). 

Option 2. Set a time offset for sending feedback after the device completes scheduled DL reception and decoding.
Option 2 can be considered a sub-set of option 1, where the time offset can be given as a scheduling information.

For feedback transmission on PUSCH, possible issues for NB-IoT devices are:

- Frequent switching between Rx and Tx,
- A mechanism may be needed to handle errors in ack/nack feedback transmission over uplink data channel (possibly need RAN1 assistance for this).
Since PDSCH transmissions are dynamically scheduled by eNB, we may rely on the eNB to arrange robust scheduling for downlink transmission (e.g. by controlling the number of repetitions of one transport block, or the number of re-transmissions with RV indication). At the UE side, if it has decoded the MAC PDU successfully, it can choose to not decode further transmissions of the packet. In the worst case, since RLC operates in Acknowledged Mode and most of NB-IoT DL data is expected to be short (network-originated command), decoding failures can be taken care of by RLC.

Proposal 2. 
Adaptive HARQ is supported in DL.

3. Conclusions
In this contribution, the following observations and proposals have been made:
Observation 1.
Absence of physical uplink control channel may impact 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.
For UL transmission, adaptive HARQ is supported with PDCCH indicating positive or negative acknowledgement. 

Observation 3.
Considering the absence of uplink control channel, scheduling support for DL HARQ feedback on PUSCH is needed.
Proposal 2.
Adaptive HARQ is supported in DL.
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