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1 Introduction
A new work item on NB-IoT has been approved in RAN #69 and updated in RAN #70 [1]. Since the most services of NB-IoT are delay-tolerant which are different from legacy LTE, some legacy physical mechanisms could be simplified or removed, such as multiple-layer transmission and some close-loop adjustments/configurations. In addition, because the bandwidth of an NB-IoT carrier is simply 180 kHz, some physical channels need to be redesigned as well, especially the uplink physical channels due to three possible uplink transmission modes available in NB-IoT, e.g. 15kHz-subcarrier-based multi-tone, 15kHz-subcarrier-based single-tone and 3.75kHz-subcarrier-based single tone. In this paper, we consider some uplink control issues.
2 Uplink control information for NB-IoT
· Scheduling request
In legacy LTE, a physical layer SR could be delivered by sending a dedicated SR signal on PUCCH or by random access. Dedicated SR requires preserved PUCCH resources, while preamble-based SR takes some resource for random access. For this reason, SR is usually utilized for higher priority services which are able to trigger a regular buffer status report (BSR). If the waiting uplink packages are not in a hurry, the buffer status could be reported by a periodic BSR scheduled by eNBs. Considering that the mainstream services of NB-IoT are delay-tolerant, periodic BSR could meet most of requirements and preamble-based SR is able to cover the rest. SR on preserve resources dedicated to one or several certain users is not necessary in NB-IoT.
Proposal #1: Dedicated SR is not supported in NB-IoT.
· ACK/NACK
Although single HARQ process has been agreed in RAN2 #92bis meeting [3], how many transport blocks can be transmitted within a HARQ processes is still pending. Before the discussion on ACK/NACK feedback transmission manner is officially kicked off, how many ACK/NACK bits would be sent for once feedback may need to be decided. Considering that most of NB-IoT services would not be sensitive to latency and longer coded block is able to provide better channel coding gain, one transport block per HARQ process seems preferable. 
Proposal #2: Only one transport block can be scheduled during one HARQ process.
· Channel state information
In NB-IoT the performance gain from flexible resource scheduling may not be as much as legacy LTE due to its limited frequency/time/spatial domain resource. Trading off between UE complexity and the limited gain, there is no need to support closed loop feedback so that RI and PMI are not needed.
Regarding CQI, the feedback mechanism could be infrequent compared with legacy LTE, because most of NB-IoT users are supposedly static or have rather low mobility. If a user is in extended or extreme coverage, as eMTC Mode-B, no need to support the CQI feedback.  A user in normal coverage could report its channel status once it accesses an eNB to help the eNB to select a proper MCS level. After initial access, aperiodic CSI feedback would be sufficient following the requests from eNB. Hence periodic CQI seems not necessary in NB-IoT. The CSI fed back by normal coverage users could be CQI index or RSRQ. Further study is needed. 
If the feedback CSI is CQI index, the overhead could be rather smaller than legacy LTE. 4-bit information for once feedback is enough due to the 180kHz-narrow bandwidth. 2-bit or 3-bit information is even  possible. This is because MCS levels of NB-IoT would be obviously less than legacy LTE due to the less accurate link adaption requirement of NB-IoT and, furthermore, the MCS levels designed for users under extreme/extended coverage seem not needed to be fed back. Msg3 would be a good chance for normal coverage users’ first CSI report. Small overhead would not damage the transmission performance of Msg3 and proper MCS level could be applied as soon as possible, e.g. to the Msg5, which would be beneficial in saving devices’ power consumption.
Proposal #3: 
· RI and PMI are not supported in NB-IoT.
· Periodic CQI is not supported in NB-IoT.
· Aperiodic channel status report can be considered for normal coverage. The mechanism can be further studied.
3 Physical layer ACK/NACK transmission for NB-IoT
3.1 Transmission manner of ACK/NACK feedback
The situation of uplink transmission in NB-IoT may be more complicated than legacy LTE, because there are three possible transmission modes for uplink signal. In legacy LTE, PUCCH carrying ACK/NACK feedback would occupy a whole PRB. In NB-IoT, however, if an eNB configures a UE to utilize single-tone mode for uplink transmission, it is most likely that this user could not afford a multi-tone uplink signal due to its poor uplink transmission condition. Hence, a single-tone transmission manner design for ACK/NACK feedback must be necessary and should have higher priority.
Proposal #4:
· A single-tone transmission manner for ACK/NACK feedback is supported.
· Whether support multi-tone-based ACK/NACK feedback is FFS.
In the case that once feedback possibly carriers only one-bit ACK/NACK, both sequence-based or ‘data+RS’-based transmissions are possible The former may have better performance, the later would save standardization workload. Further study is necessary. 
Proposal #5: Sequence-based or ‘date+RS’-based ACK/NACK transmission manners need further study.
3.2 ACK/NACK feedback resource indication
In legacy LTE, the resource for ACK/NACK feedback is not explicitly indicated. Following some predefined rules and utilizing some preconfigured parameters, a user could determine the PUCCH or PUSCH resource for the ACK/NACK feedback of a certain PDSCH. Correspondingly, dynamic indication overhead could be saved and, instead, preserved resources are required.
In NB-IoT, however, the situation is more complicated. Three uplink transmission modes with different numerologies are supported. Users with different transmission conditions would require different transmission intervals, e.g. from several milliseconds to a few seconds, to complete one transport block transmission. These would give many limitations to NB-IoT resource allocation. If all ACK/NACK feedback resources are preserved following a strategy like legacy LTE, the resource preservation rules would be very complex. Or, instead, some resource would be wasted due to possible resource fragmentation.
Therefore, a tradeoff between implicit resource indication and fully dynamic resource allocation may be sensible to balance the resource usage efficiency and the complexity of resource allocation. For example, following some simple predefined rules, one or two bits could be introduced into the DCI of PDSCH scheduling to indicate the corresponding ACK/NACK feedback resource.
Proposal #6: Explicit indication of ACK/NACK feedback resource is preferable.
4 Conclusion
In this paper, we consider some issues of the contents and transmission of uplink control information. Our proposals are listed below:
Proposal #1: Dedicated SR is not is supported in NB-IoT.
Proposal #2: Only one transport block can be scheduled during one HARQ process.
Proposal #3: 
· RI and PMI are not supported in NB-IoT.

· Periodic CQI is not supported in NB-IoT.
· Aperiodic channel status report can be considered for normal coverage. The mechanism can be further studied.
Proposal #4:
· A single-tone transmission manner for ACK/NACK feedback is supported.
· Whether support multi-tone-based ACK/NACK feedback is FFS.
Proposal #5: Sequence-based or ‘date+RS’-based ACK/NACK transmission manners need further study.
Proposal #6: Explicit indication of ACK/NACK feedback resource is preferable.
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