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1. Introduction

At the 3GPP RAN#70 meeting, the following agreements regarding the uplink control information (UCI) transmission were reached [1].
Agreements:
· 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
The ACK/NACK transmissions for the NB-PDSCH are to be supported. However, the detailed channel structure and transmission scheme for the ACK/NACK are left as a remaining issue. In this contribution, we provide our views on the ACK/NACK transmission schemes depending on whether there is the UL data or not.
2. UL ACK/NACK Transmission Schemes
· ACK/NACK transmission with UL data
In this case, it would be straightforward to support the piggy back of ACK/NACK onto the PUSCH. This may have impact on designs for scheduling timing of NB-PDCCH, NB-PDSCH, and NB-PUSCH. Hence, design for scheduling and HARQ timings should account for the piggy back of UL ACK/NACK.
· ACK/NACK transmission without UL data

If there is no UL data when the UL ACK/NACK transmission occurs, it would not be the direct solution to reuse the PUSCH structure as it is. For example, the turbo coding is not effective to convey 1-bit ACK/NACK and 24-bit CRC may not be necessary. Thus, we would need to modify those channel structures to carry just 1-bit ACK/NACK. In this document, we propose the UL ACK/NACK transmission scheme by adapting the legacy PUCCH format 1a to single tone transmission. More specifically, the frequency-domain spreading with a cyclic shift is removed from PUCCH format 1a. The other detailed channel structures are provided below and also shown in Fig. 1. 
· pi/2-BPSK is used as in NB-PUSCH
· No channel coding is applied and repetition in the time domain is applied.

· Single-tone transmission is used (no repetition in the frequency-domain).
· For multiplexing ACK/NACK of different UEs, tone-multiplexing may be used if needed.

· OCC may be further applied (For the extended coverage case, the necessity is FFS) if needed.
· Reuse the DM-RS location for either the PUCCH format 1a (the 3rd, 4th and 5th symbols) or NB-PUSCH (the 4th symbol).
· No slot-based tone-hopping is applied

In terms of performance, such a structure is expected to comparable with or superior to the PUCCH format 1a as long as the orthogonality among resources or tones is maintained. 
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Figure 1 – Transmitter structure for single-tone UL ACK/NACK transmission.

For the extended coverage case, the straightforward approach is to repeat and transmit the same ACK/NACK format. However, if the timing accuracy is an issue, a slightly different frame structure which is more robust against timing accuracy can be considered as proposed in [2]. More specifically, if the OCC is not applied and DM-RS and ACK/NACK are respectively collected in each slot, the CP insertion in each symbol is not necessary as shown in Fig. 2.
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Figure 2 – Data and DM-RS multiplexing for normal and extended coverage cases.

If a finer granularity than 1 PRB is not supported for the downlink, ACK/NACK multiplexing among different UEs would not be necessary. Even if a finer granularity than 1 PRB is supported for the downlink, not so many ACK/NACK resources are necessary as the simultaneous PDSCH transmissions may not happen often. When the length-4 OCC is applied, three resources per tone are reserved. If more than three ACK/NACK resources are required, different tones would be used to increase the ACK/NAC resources as shown in Fig. 3. However, three tones (maximum 9 ACK/NACK resources) may be sufficient. 
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Figure 3 – ACK/NACK resource allocation.
3. Conclusion
In this contribution, we provided our views on the RACH procedures. We mainly focused the discussion on Msgs. 2 and 3 and made the following proposals.
Proposal 1: The uplink ACK/NACK only transmission should be supported. 
Proposal 2: The following single tone-based structure for the UL ACK/NACK transmission should be considered.

· pi/2-BPSK is used as in NB-PUSCH

· No channel coding is applied and repetition in the time domain is applied.

· Single-tone transmission is used (no repetition in the frequency-domain)

· For multiplexing ACK/NACK of different UEs, tone-multiplexing may be used if needed.

· OCC may be further applied (For the extended coverage case, the necessity is FFS) if needed
· Reuse the DM-RS location for either the PUCCH format 1a (the 3rd, 4th and 5th symbols) or NB-PUSCH (the 4th symbol).

· No slot-based tone-hopping is applied

Proposal 3: For the extreme coverage case, more robust frame structure (Fig. 2) should be considered.
Proposal 4: Whether or not multiple PDSCH transmissions simultaneously occur for NB-IoT should be discussed.
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