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Discussion and Decision
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Introduction
In this contribution, we consider uplink control information for NB-IoT.
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Uplink Control Information
In LTE, the PUCCH is used to transmit Uplink Control Information (UCI) such as ACK/NACK, Scheduling Request (SR), CQI, and PMI/RI. These information are used to support efficient system operation. However, it may not be necessary to define an uplink control channel for NB-IoT. ACK/NACK and CSI information can be transmitted on the NB-PUSCH, while the NB-PRACH can be used to request uplink resource. 

Without ACK/NACK, the eNB would have to rely on RLC-level ARQ which can be inefficient. Furthermore, by relying on RLC ARQ, the eNB will lose the benefits of HARQ which can include diversity gain and adaptive retransmission including incremental redundancy. Therefore, at least ACK/NACK should be supported for NB-IoT. However, it is not necessary to define a new channel for the transmission of ACK/NACK as it can be transmitted on the NB-PUSCH using e.g. single-tone transmission format or multiplexed with uplink data in case of pending data transmission. This should be sufficient as it is expected that there may be one NB-PDSCH transmissions to be acknowledged at a time.
It is FFS whether a stand-alone ACK/NACK transmission format can be supported when there is no uplink data. It would be beneficial if a stand-alone ACK/NACK transmission can be supported using one of the expected NB-PUSCH formats. However, if ACK/NACK must always be multiplexed in with some kind of uplink data transmission, when there is no uplink data the UE can transmit e.g. BSR and/or CQI information.

One issue is whether ACK only is transmitted or NACK only is transmitted or both ACK/NACK are transmitted. If only ACK or NACK is transmitted, the number transmissions would be less. This may be true especially if only NACK is transmitted, since the operating BLER is typically around 10%. However, in this case, there would be an error situation if the UE misses the DCI as the eNB cannot distinguish whether it is an ACK or if the DCI was missed. If only ACK is transmitted, the saving would not be as substantial. In addition, the eNB would not know if the UE misses the DCI or if the UE cannot successfully decode the packet. Thus, if incremental redundancy is supported, redundancy version information would need to be included in the downlink DCI. For link adaptation purposes, it would also be beneficial for the eNB to know if the UE misses the DCI. Therefore, it is proposed that both ACK/NACK are transmitted.
Proposal 1: Support uplink ACK/NACK transmission on the NB-PUSCH. Both ACK and NACK are transmitted.
Without support for periodic SR configuration, the UE will have to use the PRACH to convey pending data to the eNB. To use the PRACH for this purpose will need at least Msg1-Msg3 transmissions, all of which require extensive resources. In addition, this can increase the load on the random access channel, leading to collisions and reduced capacity. Alternative, PRACH resources must be increased to account for potential SRs, resulting in additional overhead. This, however, depends on the expected traffic for NB-IoT. The traffic model from [1] consists of MAR periodic (80%) and Network Command (20%). In case of a network command, 50% of the users will report back to the network, triggering a random access transmission. The split of inter-arrival time periodicity for MAR periodic is - 1 day (40%), 2 hours (40%), 1 hour (15%), and 30 minutes (5%). With this traffic model, there would not be a need for periodic SR configuration. Other machine-type traffic models, however, have much shorter inter-arrival time. For example, in [2], the models for traffic sensors, traffic lights and elderly sensor devices have mean inter-arrival time of around 60secs while credit card machines have mean inter-arrival time of around 120secs. For this traffic models, it would may be more beneficial to configure periodic semi-persistent NB-PUSCH scheduling assignment for UE to transmit the buffer status report.
Proposal 2: No need to support periodic SR configuration. Consider periodic and semi-persistent NB-PUSCH scheduling assignment for a UE to transmit buffer status reports. 
CSI information helps with scheduling, MCS selection and link adaptation. This information can be obtained from either periodic or aperiodic CSI report. For NB-IoT, relevant CSI would be CQI as PMI would not be needed with SFBC and RI is not needed as the UE as only 1 receive antenna. Alternately, the eNB can use outer-loop link adaptation to select MCS. Furthermore, network has also understanding of the CE level based on the initial access. Using the traffic model from [1][2], downlink data would consist mostly of network commands and TCP/IP acknowledgements. For network command, paging will usually be required since the UE will most likely be in extended DRX (or PSM, in which case the network has to wait for the UE to initiate contact). For TCP/IP acknowledgement, this would be scheduled in response to uplink data. In both situations, periodic CQI reporting would be very inefficient due to high control overhead relative to the amount and frequency of downlink data to be transmitted. However, aperiodic CQI report can be used at the discretion of the eNB. It can, e.g. be requested at the end of the uplink data transmission to help with MCS selection at the eNB.
Proposal 3: Support only aperiodic CQI report for NB-IoT.
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Conclusion
In this contribution, we consider uplink control information for NB-IoT and make the following proposals –

Proposal 1: Support uplink ACK/NACK transmission on the NB-PUSCH. Both ACK and NACK are transmitted.
Proposal 2: No need to support periodic SR configuration. Consider periodic and semi-persistent NB-PUSCH scheduling assignment for a UE to transmit buffer status reports.
Proposal 3: Support only aperiodic CQI report for NB-IoT.
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