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Introduction
In the RAN1 NB-IoT adhoc, it was agreed that –

· 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

· 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

· 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

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

· Only single tone transmission is supported

· 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. 

· 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

In this contribution, we consider remaining issues of UCI for NB-IoT.
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UCI
In the case that there is a pending ACK/NACK transmission, it would be good to have the ability to also multiplex SR. This will avoid the UE having to use random access procedure, which is costly, to let the eNB know of pending uplink data. For example, to support ACK/NACK + SR, single tone transmission can be used with the same format, except using /4-QPSK modulation.

Proposal 1: Support ACK/NACK + SR multiplexing. 
It has been agreed that 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. Furthermore, the number of repetitions for A/N transmission is configured semi-statically by SIB per PRACH resource for Msg4, and by RRC signalling after Msg4. Link budget showed that the legacy PUCCH (1ms) has a coverage level of 147.2 dB MCL. Although the PUCCH bandwidth is different and intra-subframe hopping is applied, the maximum UE transmit power is the same. In case of coverage enhancement, the network can configure the UE to transmit additional ACK/NACK repetitions. In eMTC, the number of repetitions can be {1,2,4,8,16,32}. Note that, eMTC was designed to address up to 156dB MCL. Although the transmission time is longer in NB-IoT, it may not be sufficient in reach 164dB MCL with 32 repetitions. Here, it is proposed that the set of number repetitions is {1,2,4,8,16,32,64,128}.
Proposal 2: The predefined set of ACK/NACK numbers is repetition is {1, 2, 4, 8, 16, 32, 64, 128}.

With respect to ACK/NACK resource selection, several options are available – explicitly indicated via DCI, semi-static configuration, and implicit determination. It has been agreed that baseline subcarrier index to which the frequency offset carried in DCI is applied is not higher layer signalled. However, details remain FFS. Explicit indication via DCI is the most flexible but will have the most overhead. In this case 4 bits will be needed for 15 kHz and 6 bits will be needed for 3.75 kHz. However, the downlink DCI has to be padded to match the same size as the uplink DCI. Depending on the design (e.g. if TPC field is supported or whether to have flexible uplink scheduling delay), the difference can be up to 6 bits. It is therefore proposed to use 4 bits for HARQ-ACK resource indicator. In case of 15 kHz subcarrier spacing, the 4 bits can cover all 12 possible locations. For 3.75 kHz subcarrier spacing, the 4 bits can indicate only a subset of the 48 subcarriers. One example includes {0,3,6,9,…,45}. Another example can be that 2 bits are used to indicate 4 possible starting subcarrier index (e.g. {0,12,24,36}), while another 2 bits can indicate the offset (e.g. {0,1,2,3}).
Proposal 3: Four bits are used to indicate ACK/NACK resource selection. 
It is also discussed in [1] that the UL ACK/NACK timing can be fixed relative to the NB-PDSCH, provided the subframe is available for UL transmission, and there is no strong need for flexibility in this timing. From the UE’s perspective, the need for flexibility in UL ACK/NACK timing may arise, i.e., UL ACK/NACK transmission in the first subframe after a delay of 12-ms relative to the end of the NB-PDSCH transmission may not be possible, in one of the following cases:

1. The UE is engaged in DL reception.

2. The UE is engaged in UL transmission.

3. The subframe after a 12 ms gap is invalid for UL transmission.

The first case is not a relevant one for unicast DL reception because the UE cannot be receiving another NB-PDCCH or NB-PDSCH for before it transmits the current UL ACK/NACK. In the rare event (not avoided by the eNB scheduler) of the UE having to receive a DL broadcast transmission (e.g., an SI message) at the same time that it needs to transmit the UL ACK/NACK, the UL ACK/NACK transmission can be dropped. The absence of an UL ACK/NACK is handled through normal HARQ operation. Hence there is no need for flexible UL ACK/NACK timing in this case.

The second case is a more valid one. The subframe for beginning the UL ACK/NACK transmission will coincide with a subframe being used for NB-PUSCH if p+13 ≤ q, i.e., if the NB-PUSCH transmission is at least 12 ms long. Here again the UL ACK/NACK can be prioritized, thereby keeping the ACK/NACK timing fixed.

In the last case, the subframe corresponding to a fixed gap of 1 ms may be configured to be unavailable or invalid for UL transmission. In such an event, the UE can postpone the UL ACK/NACK transmission to the next valid UL subframe, which would also be known to the eNB. Therefore, although the timing of UL ACK/NACK transmission relative to the end of NB-PDSCH exceeds 12 ms, it is known to both the eNB and UE and need not be dynamically indicated.

Based on the above discussion, our view is that the UL ACK/NACK timing can be fixed relative to the NB-PDSCH, provided the subframe is available for UL transmission, and there is no strong need for flexibility in timing.
Proposal 4: The UL ACK/NACK transmission starts in the first valid UL subframe after a gap of 12 ms following the end of the corresponding NB-PDSCH transmission.
3
Conclusion
In this contribution, we consider UCI design for NB-IoTand make the following proposals –

Proposal 1: Support ACK/NACK + SR multiplexing. 
Proposal 2: The predefined set of ACK/NACK numbers is repetition is {1, 2, 4, 8, 16, 32, 64, 128}.

Proposal 3: Four bits are used to indicate ACK/NACK resource selection. 

Proposal 4: The UL ACK/NACK transmission starts in the first valid UL subframe after a gap of 12 ms following the end of the corresponding NB-PDSCH transmission.  
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