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1 Introduction
In RAN1 NB-IoT ad-hoc meeting #2, the following agreements has been made [1].

	Agreements:
· 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
Agreement: 

· Baseline subcarrier index to which the frequency offset carried in DCI is applied is not higher layer signaled 

· Details FFS in RAN1


Then followings are further studied

	FFS:

Proposals: 

· Baseline time location of A/N resource is the first starting subframe after 12msec + end of the last subframe of the associated PDSCH transmission 

· Starting subframe of A/N transmission  can be restricted 

· Time location/offset of A/N resource is indicated in DL grant pending UL grant size discussion 

· Note: intention is use padding bits to support this. Otherwise, time location/offset is not signaled.


In this contribution, we provide our views on the remaining issues on ACK/NACK resource for NB-IoT.

2 Discussions
2.1 ACK/NACK resource in the frequency domain
As shown in the agreement in the last ad-hoc meeting, the subcarrier index for ACK/NACK transmission is determined by the combination of baseline subcarrier index and frequency offset carried in DCI. Regarding the baseline subcarrier index, there are several alternatives though higher layer signalling was precluded.
· Alt. 1: it is fixed in the specification

· Alt. 2: it is implicitly determined

In NB-IoT uplink, ACK/NACK resource can be allocated simultaneously with the resource for data transmission and NB-PRACH resource.

To avoid a collision with such resources, baseline subcarrier index should be fixed.
Proposal 1:
· The baseline subcarrier index for ACK/NACK resource in NB-IoT is fixed in the specification, i.e. Alt. 1
Regarding the frequency offset, if the overhead of DL grant allows, full flexible allocation by using 4 bits (for 15 kHz case) and 6 bits (for 3.75 kHz case) can be allowable. On the other hand, to saving the overhead (especially for 3.75 kHz case), candidate resources for ACK/NACK can be limited. Considering packing of multiple ACK/NACK resources with the resource for multi-tone data transmission such as 6-tone/3-tone and/or with NB-PRACH resource with 24 subcarriers/36 subcarriers, the some number of candidates of ACK/NACK resource should be allocated to consecutive subcarriers with small offset. In addition, considering the multiplexing with large NB-PRACH resource (e.g. 36 subcarriers), candidate subcarriers for ACK/NACK resource should be close to both edges of NB-IoT system band. For example, in 4-bit offset for 3.75 kHz case, as shown in figure 1, the offset candidates are [0 - +7] subcarriers and [+40 - +47] subcarriers from the baseline subcarrier index on edge of system band. This principle can be used for 3-bit offset for 15 kHz/3.75 kHz case if additional overhead reduction is required.
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Figure 1. Example of ACK/NACK resource candidates with 4-bit offset for 3.75 kHz case
Proposal 2:
· The candidates of ACK/NACK resource in NB-IoT is close to both edges of NB-IoT system band
2.2 ACK/NACK resource in the time domain
As a case in the time domain, the subframe/NB-slot for ACK/NACK transmission may be defined by the baseline time location (e.g. after 12 ms from end of the last subframe of the associated PDSCH transmission) with or without time offset carried in DCI. Regarding the time offset, the key issue is the packing of different UEs. To align the subframe/NB-slot of multiple UEs, some number of bits can be applied for time offset if the overhead of DL grant allows.
Proposal 3:
· The time location for ACK/NACK transmission in NB-IoT is defined by the combination of the baseline time location and time offset carried in DCI if the overhead of DL grant allows
3 Conclusion
In this contribution, we present our views on ACK/NACK resource for NB-IoT. 

Proposal 1:
· The baseline subcarrier index for ACK/NACK resource in NB-IoT is fixed in the specification, i.e. Alt. 1
Proposal 2:
· The candidates of ACK/NACK resource in NB-IoT is close to both edges of NB-IoT system band
Proposal 3:
· The time location for ACK/NACK transmission in NB-IoT is defined by the combination of the baseline time location and time offset carried in DCI if the overhead of DL grant allows
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