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At RAN#69, a new work item named Narrowband IOT (NB-IOT) was approved, see [1]. The objective are to specify a radio access for cellular internet of things that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimized) network architecture. At RAN#70, a revised work item description was approved, see [2].
NB-IOT should support 3 different modes of operation: 
1.	“Stand-alone operation” utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers, as well as scattered spectrum for potential IoT deployment.
2.	“Guard band operation” utilizing the unused resource blocks within a LTE carrier’s guard-band 
3.	“In-band operation” utilizing resource blocks within a normal LTE carrier
NB-IoT will support 180 kHz UE RF bandwidth for both downlink and uplink. Furthermore according to [2], for the uplink: 
· Single tone transmissions are supported. Two numerologies should be configurable by the network for single-tone transmission: 3.75 kHz and 15 kHz. A cyclic prefix is inserted. Frequency domain sinc pulse-shaping in the physical layer description.
· Multi-tone transmissions are supported, based on SC-FDMA with 15 kHz UL subcarrier spacing.

In this contribution, we discuss the remaining issues related to UCI transmission for NB-IoT.

Time-domain Resource for UL ACK/NACK Transmission
NB-IoT supports the transmission formats below.
· UL multi-tone transmission based on 15 kHz subcarrier spacing. These have 144 NPUSCH symbols
· 12x1: Transmissions based on12 tones are supported with 1 msec resource unit size
· 6x2: Transmissions based on 6 tones are supported with 2 msec resource unit size
· 3x4: Transmissions based on 3 tones are supported with 4 msec resource unit size
· UL single-tone transmission. These have 96 NPUSCH symbols
· 1x8: UL single-tone transmission based on 15 kHz subcarrier spacing with 8 msec resource unit size
· ¼ x 32: UL single-tone transmission based on 3.75 kHz subcarrier spacing with 32 msec resource unit size
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Figure 1. UL multi-tone resource unit sizes for NPUSCH carrying data.

For the reference time of UL ACK/NCK transmission, the starting time of the NPUSCH can be defined as (tPDSCH,end+12) ms, where tPDSCH,end is the end of the corresponding NPDSCH. Here (tPDSCH,end+12) ms is the minimum delay possible for the UL ACK/NACK transmission. 
Then a DCI field provides a delay relative to the reference time. As has been agreed, 2 bits in DCI indicate the scheduling delay between end of NPDCCH transmission and start of NPUSCH transmission. Similarly for NPUSCH carrying ACK/NACK (in response to NPDSCH), 2 bits can be included in DCI to indicate the time offset of the NPUSCH. For example, a 2-bit “ACK/NACK delay” field can be defined. The ACK/NACK delay values should be defined to avoid collision between NPUSCH carrying UL data and NPUSCH carrying ACK. Due to the sequential transmission of PDSCH, collision in time between ACK/NACK of two different UEs are rare.

Alternative 1. Time offset is defined as a function of ACK/NACK resource unit.
Let time unit t be the duration of the configured NPUSCH for ACK/NACK, e.g., t=2 ms if 15 kHz single-tone, t=8 ms if 3.75 kHz single-tone. Then toffset = j × t, where j,  j{0,1,2,3}, is signaled by DCI.
· “ACK/NACK delay” = 00: no delay; NPUSCH starts at (tPDSCH,end+12) ms;
· “ACK/NACK delay” = 01: delay of 1 time unit t; NPUSCH starts at (tPDSCH,end+12+ t) ms;
· “ACK/NACK delay” = 10: delay of 2 time unit t; NPUSCH starts at (tPDSCH,end+12+ 2t) ms;
· “ACK/NACK delay” = 01: delay of 3 time unit t; NPUSCH starts at (tPDSCH,end+12+ 3t) ms;

Alternative 2. Time offset is defined as fixed set of values.
In this alternative, a set of time offset values are defined, which are not all multiples of t. For example, a set of time offset can be defined as toffset = {2, 4, 8, 16} ms. Then the NPUSCH starts at (tPDSCH,end+12+ toffset) ms.
· “ACK/NACK delay” = 00: no delay; NPUSCH starts at (tPDSCH,end+14) ms;
· “ACK/NACK delay” = 01: delay of 1 time unit t; NPUSCH starts at (tPDSCH,end+16) ms;
· “ACK/NACK delay” = 10: delay of 2 time unit t; NPUSCH starts at (tPDSCH,end+20) ms;
· “ACK/NACK delay” = 01: delay of 3 time unit t; NPUSCH starts at (tPDSCH,end+28) ms;

Compare the two Alternatives above, Alternative 1 provides ACK/NACK delay in proportion to duration of single-tone duration. Alternative 1 is preferred over Alternative 2.

The reference time of UL ACK/NCK transmission is (tPDSCH,end+12) ms.
A 2-bit “ACK/NACK delay” field is defined in DCI for UL ACK/NACK in response to NPDSCH.
The “ACK/NACK delay” field is used to look up a set of 4 time offsets, where the time offset is defined as a multiple of ACK/NACK resource unit.
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Figure 2. Example time line of NPDSCH and NPUSCH transmission.

Frequency-domain for UL ACK/NACK Transmission
For the reference frequency resource location, reference frequency location and “frequency offset” need to be defined. Since it has been agreed that no higher layer signaling is involved, the only options are: (a) fix it in specification; or (b) dynamically indicate via DCI.
The preference is that the frequency resource location is fixed in the specification, so that no DCI is necessary. 
Alternative 1. use edge subcarriers as reference
In this alternative, the 15 kHz single tone and the 3.75 kHz single tone use two edge subcarriers, respectively, as reference subcarrier. 
· 15 kHz single tone uses subcarrier #0 as reference, f0 = 0, with the offset direction d=+1;
· 3.75 kHz single tone uses subcarrier #47 as reference, f0 = 47,  with the offset direction d= −1;
The benefit of this alternative is that the maximum number of consecutive subcarriers will be available for unicast NPUSCH transmission. The disadvantage is that for inband transmission, edge single-tone transmission is more vulnerable to LTE interference from the adjacent PRBs.
Alternative 2.  use central subcarriers as reference
In this alternative, the 15 kHz single tone and the 3.75 kHz single tone use two subcarriers towards the center to avoid interference from adjacent PRB. For example:
· 15 kHz single tone uses subcarrier #3 as reference, f0 = 6, with the offset direction d=+1;
· 3.75 kHz single tone uses subcarrier #19 as reference, f0 = 19,  with the offset direction d= −1;
The benefit of Alternative 2 is that interference from LTE UL transmission can be minimized for inband deployment. 

Considering the pros and cons of the two alternatives above, it would be beneficial to use Alternative 1 for standalone and guard-band deployment, while using Alternative 2 for inband deployment.

With the reference  subcarrier defined, the UE then use the DCI “ACK/NACK frequency offset” field to derive the final subcarrier index. The field can be 2-bit wide to indicate 4 possible offsets.
· “ACK/NACK frequency offset” = 00: foffset = 0;
· “ACK/NACK frequency offset” = 01: foffset = 1;
· “ACK/NACK frequency offset” = 10: foffset = 2;
· “ACK/NACK frequency offset” = 11: foffset = 3;
The subcarrier where f0 the UL ACK/NACK is transmitted is then:
f= f0+d× foffset

The reference subcarrier of UL ACK/NACK is fixed in specification.
A 2-bit “ACK/NACK frequency offset” field is defined in DCI for UL ACK/NACK in response to NPDSCH.

Conclusions
In this contribution, we discussed the UL ACK/NACK transmissions and make the following proposals: 
Proposal 1	The reference time of UL ACK/NCK transmission is (tPDSCH,end+12) ms.
Proposal 2	A 2-bit “ACK/NACK delay” field is defined in DCI for UL ACK/NACK in response to NPDSCH.
Proposal 3	The “ACK/NACK delay” field is used to look up a set of 4 time offsets, where the time offset is defined as a multiple of ACK/NACK resource unit
Proposal 4	The reference subcarrier of UL ACK/NACK is fixed in specification.
Proposal 5	A 2-bit “ACK/NACK frequency offset” field is defined in DCI for UL ACK/NACK in response to NPDSCH.
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Appendix

The following agreements are made in RAN1ad hoc #2 meeting on UCI:
	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

Agreements:
· 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

Agreement:
· 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

Agreement: 
· Baseline subcarrier index to which the frequency offset carried in DCI is applied is not higher layer signaled 
· Details FFS in RAN1

Agreement:
· For ACK/NACK only transmission of NB-PDSCH in NB-IoT:
· Only single tone transmission is supported

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

Agreement:
DCI content: 
· Number of repetitions of NB-PDCCH:
. 2 bits (except for CSS for paging)
. 3 bits for CSS for paging
· Scheduling delay between end of NB-PDCCH transmission and start of data transmission:
. 3 bits for NB-PDSCH (except for CSS for paging)
. 0 bits for paging
. 2 bits for NB-PUSCH
· Values are FFS. 
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