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1 Introduction

At the 1st RAN1 ad-hoc meeting on NB-IoT, the following was agreed regarding Uplink Control Information (UCI) support in NB-IoT systems [1]:
· Periodic CSI and dedicated SR is 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
Subsequently, RAN1 agreed on the following during the RAN1 #84 email agreements:

· Transmission channel design of only 1 bit A/N via PUSCH structure with the following changes: 

· No CRC 

· Repetition coding is used 

· Resource unit size: Smaller resource unit size (such as 2 msec with 15 kHz or 8 msec with 3.75 kHz) is used 

· Frequency offset for A/N transmission resource is dynamically indicated by DL grant 

· FFS whether time resource of A/N transmission is also indicated by DL grant or implicitly determined

Further, during the 2nd RAN1 ad-hoc meeting on NB-IoT, the following was agreed related to UCI [2]:

· Conclusion: No consensus in RAN1 to support aperiodic CSI in Rel-13

· A/N transmission subcarrier spacing is same to the subcarrier spacing configured for PUSCH when single tone transmission is used for A/N transmission

· The size of resource unit for A/N transmission is 2 msec for 15 kHz single tone and 8 msec for 3.75 kHz single tone transmission
· For ACK/NACK only transmission of NB-PDSCH in NB-IoT:

· Only single tone transmission is supported

· Number of repetitions for A/N transmission corresponding to Msg 4 is semi-statically configured by SIB per PRACH resource set

· This is used as a default value to number of repetitions for A/N transmission after Msg4

· For ACK/NACK only transmission of NB-PDSCH in NB-IoT:

· ∏ /2-BPSK modulation is used for single tone transmission

· Number of repetitions of A/N resource unit is semi-statically configured by RRC signaling at least if the associated NB-PDSCH is after Msg4

· A/N piggybacking on PUSCH is not supported in Rel-13
· Baseline subcarrier index to which the frequency offset carried in DCI is applied is not higher layer signaled 

· Details FFS in RAN1

Working Assumption: 

· Support 3 DM-RS symbols per 7 symbol period

· The DM-RS sequence is obtained as

· Use  single tone DM-RS PUSCH spread by length 3 OCC sequence defined for PUCCH

· The OCC ID is pseudo-randomly selected (from existing OCCs) according to 
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Working Assumption can be changed to 1 DMRS symbol at RAN1#84bis if significant gain is not observed compared to 1 DMRS symbol. 
In this contribution, we present our views on the remaining details regarding support of UCI transmissions including support of SR and determination of frequency and time domain resources for DL HARQ-ACK feedback in response to NB-PDSCH transmissions.

2 Support of Scheduling Request functionality
Clearly, the default option is transmission of SR on the NB-PUSCH via Buffer Status Reports. Alternatively, when UL resources are not allocated, via random access procedure. It has been proposed to consider either transmission of SR piggybacked with HARQ-ACK reports or via semi-persistent/periodic configuration of NB-PUSCH resources for BSR transmission [2].

While it the configuration of semi-persistent/periodic NB-PUSCH resources for BSR transmission may be considered further in order to support more diverse UL traffic models like frequent UL transmissions with small data packets, the impact to resource utilization at the system level and blocking of other UEs due to such periodic resource reservation needs to be carefully studied. 
The usefulness and motivation of piggybacking of SR with DL HARQ-ACK feedback is not immediately clear due to the majority of DL transmissions being expected to be either NW commands (with paging being quite common way to reach the UEs that would mostly be in IDLE state) or TCP/IP acknowledgments that are already in response to UL transmissions from the UE. At the same time, it could complicate the support of the HARQ-ACK feedback mechanism.

In the interest of the limited time for the WI, it is recommended to assume the default options of SR transmission via BSR when NB-PUSCH grants are available, or otherwise, via random access procedure. Support of periodic and semi-persistent NB-PUSCH resources for BSR transmissions may be considered in a future release.

Proposal 1
· Piggybacking of SR with DL HARQ-ACK feedback is not supported in Rel-13 NB-IoT.
· Indication of scheduling requests is performed either via BSR transmissions when NB-PUSCH grants are available, or otherwise, via random access.

3 Determination of Frequency domain resources for DL HARQ-ACK feedback

The frequency domain resource information includes at least the location of the subcarriers for NB-PUSCH carrying DL HARQ-ACK feedback. It was agreed that both subcarrier spacing values are to be supported for HARQ-ACK transmissions. For single-tone option, higher layer signaling may be used to configure a UE to either use 15 kHz or 3.75 kHz subcarrier spacing for NB-PUSCH. Alternatively, the subcarrier spacing can be defined as 15 kHz for UEs configured with NB-PUSCH using single or multi-tone transmissions with 15 kHz subcarrier spacing and as 3.75 kHz for UEs configured with NB-PUSCH using single-tone transmissions with 3.75 kHz subcarrier spacing.
At the last RAN1 meeting, it was agreed that higher layer signaling will not be used to configure the “baseline subcarrier index”. Therefore, the DCI carrying the DL assignment would indicate an “offset” with respect to certain specific subcarrier or effectively, the particular subcarrier to use for DL HARQ-ACK feedback.

Accordingly, a 1-bit field in the DCI can be used to signal one of two subcarriers at the edges of the NB-IoT UL PRB without any need for additional higher layer configuration. Note that specifying the candidate subcarriers (via a set of baseline and offset values) for transmission of single-tone NB-PUSCH with HARQ-ACK feedback is recommended in order to minimize impact to regular UL SCH scheduling with sub-PRB NB-PUSCH.
In case it is desired to realize an efficient time-domain packing of the DL HARQ-ACK feedback instances at the cost of a potential increase in the HARQ-ACK feedback delay, additional offsets from the edge of the NB-IoT PRB may be defined as function of the C-RNTI to define additional frequency domain resources to map different UEs, i.e., offset from NB-IoT PRB edge = mod (C-RNTI, numTonesDL-HARQ), where numTonesDL-HARQ corresponds to the number of tones reserved for DL HARQ-ACK feedback on either edge of the NB-IoT PRB, e.g., numTonesDL-HARQ = 3. Thus, with this offset known, the field in the DCI can indicate using 1 bit which edge of the PRB to use for DL HARQ-ACK transmission, or using one additional bit (i.e., a total of 2 bits in the DCI) to indicate an additional offset (+/- 1 subcarrier) with respect to the offset from the NB-IoT PRB edge as derived using the C-RNTI value. 
For simplicity, it may suffice to just indicate using a 2-bit field in the DCI the particular edge and which of the two subcarriers on the indicated edge of the NB-IoT UL carrier to use for transmission of DL HARQ-ACK feedback. This can provide sufficient flexibility of ability to multiplex up to four UEs’ A/N feedback reports at a time (compared to a multiplexing capacity of a maximum of 6 UEs’ A/N feedback reports for the above scheme using C-RNTI based mapping) while keeping the DCI overhead to a reasonable value. 
Proposal 2
· For frequency domain resource allocation for DL HARQ-ACK feedback using single-tone NB-PUSCH:

· Two candidate subcarriers are specified at the two edges of the NB-IoT PRB.

· A 2-bit field in the DCI indicates the particular edge and which one of the subcarrier on the indicated edge of the NB-IoT UL carrier to transmit on.
4 Determination of Time resources for DL HARQ-ACK feedback
The time domain resource information includes at least the starting resource unit to be used to transmit the HARQ-ACK report. This may be indicated via the DCI by a field that provides the time-gap with respect to the last subframe of the NB-PDSCH transmission, i.e., the DCI provides the value of ‘k’ if the HARQ-ACK report is to be transmitted at the first available UL subframe after n+k subframes where ‘n’ is the subframe corresponding to the last repetition of the NB-PDSCH as indicated by the NB-PDCCH. The range of the values of ‘k’ can be limited within a set of values (e.g., Kmin ≤ k), with Kmin = 13 based on agreements at the RAN1 #84 meeting [4]. 
Alternatively, if it is desired to realize an efficient time-domain packing of the DL HARQ-ACK feedback instances at the cost of a potential increase in the HARQ-ACK feedback delay, certain set of UL subframes or NB-slots can be configured to carry HARQ-ACK reports via higher layers using a periodicity and offset in a cell-specific manner, and the DCI can point to a specific index of the starting HARQ-ACK reporting resource unit, that is at least 12ms after the last subframe of the corresponding NB-PDSCH, wherein the first subframe of the HARQ-ACK report transmission can be transmitted by the UE. Such restriction of the time-domain resources for A/N feedback can be beneficial in at least aligning the A/N carrying resource units of length 2ms or 8ms depending on the subcarrier spacing used for the NB-PUSCH carrying the A/N report. 
Thus, for both alternatives, the baseline time location for A/N feedback is the first starting subframe (or restricted subframe for DL HARQ-ACK reporting) occurring 12ms after the end of the NB-PDSCH transmission. Further, for the first alternative, 2 bits in the DCI can be used to indicate up to 3 non-zero delay values greater than Kmin = 13. 

However, for the second alternative, no further indication via DCI may be needed, and the starting resource unit for A/N feedback can simply map to the first instance of the HARQ-ACK resource unit occurring at least 12ms after the end of the corresponding NB-PDSCH. 
Since padding bits may be needed in any case for DCI format N1 to match the sizes for DCI formats N0 (UL grant) and N1 (DL assignment and DL HARQ-ACK resource indication), an offset indicated by a 1-bit field in DCI format N1 may be used to provide additional time domain scheduling flexibility at the eNodeB scheduler.
Proposal 3
· For time domain resource allocation for single-tone NB-PUSCH, the baseline time location for A/N feedback is the first starting NB-slot (or restricted NB-slot for DL HARQ-ACK reporting) occurring 12ms after the end of the NB-PDSCH transmission 

· A 2-bit field in the DCI indicates the time gap from the end of the corresponding NB-PDSCH transmission, k, wherein Kmin ≤ k, Kmin = 13.
· Alternatively, certain set of NB-slots is configured to carry HARQ-ACK reports via higher layers using a periodicity and offset in a cell-specific manner.
· Additionally, the DCI may indicate, using a 1-bit field, an additional delay for the first starting subframe (resource unit) w.r.t. the baseline time location within the set of subframes restricted for DL HARQ-ACK feedback.
5 Conclusion

In this contribution, we presented our views on the support of UCI transmissions including support of scheduling request and remaining details of frequency domain and time domain resource determination for DL HARQ-ACK feedback transmission. Based on the presented discussion, we make the following proposals:
Proposal 1
· Piggybacking of SR with DL HARQ-ACK feedback is not supported in Rel-13 NB-IoT.
· Indication of scheduling requests is performed either via BSR transmissions when NB-PUSCH grants are available, or otherwise, via random access.

Proposal 2
· For frequency domain resource allocation for DL HARQ-ACK feedback using single-tone NB-PUSCH:

· Two candidate subcarriers are specified at the two edges of the NB-IoT PRB.

· A 2-bit field in the DCI indicates the particular edge and which one of the subcarrier on the indicated edge of the NB-IoT UL carrier to transmit on.
Proposal 3
· For time domain resource allocation for single-tone NB-PUSCH, the baseline time location for A/N feedback is the first starting NB-slot (or restricted NB-slot for DL HARQ-ACK reporting) occurring 12ms after the end of the NB-PDSCH transmission 

· A 2-bit field in the DCI indicates the time gap from the end of the corresponding NB-PDSCH transmission, k, wherein Kmin ≤ k, Kmin = 13.
· Alternatively, certain set of NB-slots is configured to carry HARQ-ACK reports via higher layers using a periodicity and offset in a cell-specific manner.

· Additionally, the DCI may indicate, using a 1-bit field, an additional delay for the first starting subframe (resource unit) w.r.t. the baseline time location within the set of subframes restricted for DL HARQ-ACK feedback.
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