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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.

The following agreements are made in RAN1#84 meeting on timing relationships:
	Agreements:
· The start of UL A/N transmission is >=12ms later than the end of the corresponding NPDSCH transmission 
· The start of DL A/N transmission is >=3ms later than the end of the corresponding NPUSCH transmission

· The start of NPUSCH transmission is >=8ms later than the end of its associated NPDCCH transmission

Working Assumptions:
· The start of an NPDCCH search space is >=4ms after the end of the last NPDCCH search space
· The start of NPDSCH transmission is >=4ms later than the end of its associated DL assignment



In this contribution, we discuss issues related to UCI transmission for NB-IoT.
UCI Content
Two DL transmission schemes are supported: (a) single antenna port or (b) two antenna ports with SFBC. It has been agreed that the same transmission scheme is applied to NPDCCH, NPBCH, and NPDSCH. Hence DL transmission scheme is not adjustable in a UE-specific manner, and there is no need of reporting RI and PMI. CSI reporting only need to consider CQI reporting. 
It has been agreed that periodic CSI is not supported. On the other hand, to assist with slow link adaption on a need basis, aperiodic CQI reporting can be supported for UEs in normal coverage. As in legacy LTE system, the aperiodic CQI report can be triggered by eNodeB via NPDCCH when necessary. For UEs in extended coverage level I and II, CQI measurement is inaccurate while CQI reporting may incur unnecessary overhead and UE power consumption. Hence aperiodic CQI reporting is not to be supported for NB-IoT in coverage enhancement.
In terms of granularity of CQI reporting, the existing 4-bit CQI table can be reduced to a 3-bit table by decimating half of the spectral efficiencies. This saves 1 bit in the CQI report.
For both UL and DL, spatial multiplexing of 2 or more codewords is not applicable. Hence only one TB is transmitted at the same time. Correspondingly, only 1-bit HARQ-ACK needs to be supported for DL.

Aperiodic CQI reporting is supported for UEs in normal coverage.
Aperiodic CQI reporting is NOT supported for UEs in enhanced coverage.
RI and PMI reporting are NOT supported for NB-IoT.
Only 1-bit HARQ-ACK is supported for DL.

Multiplexing of UCI

HARQ-ACK and UL Data
RAN2#91bis agreed that the number of HARQ processes for NB-IoT is one for uplink and one for downlink. 
In Figure 1, it is shown one DL HARQ transmission, where the DCI schedules a DL data transmission and provides transmit format for the HARQ-ACK.
In Figure 2, it is shown that DCI for UL scheduling is not allowed to occupy the same subframes as the DL data. This is because NPDCCH and NPDSCH are multiplexed only based on TDM at subframe level at least per UE. 
In Figure 3, it is shown that if HARQ-ACK is to line up with a PUSCH transmission, then both the DCI for DL assignment and the DCI for UL scheduling need to time the DL and UL data exactly right. This imposes stringent timing constraint on the data transmission. Since the NB-IoT traffic pattern is expected to be slow and delay-tolerant, it is unnecessary to design for simultaneous DL and UL traffic.
In summary, only DL HARQ timing illustrated in Figure 1 needs to be supported. Thus, there is no need to support simultaneous uplink data transmission and downlink HARQ feedback for one UE.
HARQ-ACK multiplexed onto PUSCH carrying UL-SCH is not supported.


Figure 1. DL HARQ without parallel UL HARQ process


Figure 2. UL HARQ process collide with DL HARQ if not timed correctly



Figure 3. Multiplexed DL HARQ process and UL HARQ process

Others
For an aperiodic CQI report triggered by NPDCCH, the CQI report can be multiplexed with UL-SCH if the DCI schedules the UL-SCH also contains a field to trigger the CQI report. 
Overall, the following combinations of UCIs need to be considered. Assuming 3-bit CQI report, the total number of bits is also provided. 
· 1-bit HARQ-ACK with 1-bit positive SR; (2 bits total)
· 1-bit HARQ-ACK with a CQI report; (4 bits total)
· 1-bit HARQ-ACK, a CQI report and 1-bit positive/negative SR; (5 bits total)
· A CQI report and a UL transport block;

Consider supporting the four listed UCI combinations.

Transmission of UCI
Physical Channel for UCI transmission
Considering the operating condition of NB-IoT UEs, it is undesirable to define PUCCHs that always span a whole PRB for a 1-bit HARQ-ACK transmission. Defining a control channel format separate from PUSCH also adds work on specifications and implementations. Hence it is preferable not to define a NPUCCH to carry HARQ-ACK and other UCI. Instead, it is proposed that the HARQ-ACK and other UCI shall be sent on a NPUSCH.
When there is no simultaneous UL-SCH, the UCIs are carried by a NPUSCH by itself. When there is simultaneous UL-SCH, the UCI is multiplexed with the UL-SCH before mapping to UL resources. To simplify UE implementation, it is preferable to minimizing the difference between the NPUSCH carrying UL-SCH and a PUSCH carrying UCI. Considering the smaller number of bits for UCI, it is recommended that the UCI uses a block code without CRC attachment. For example, together with repetition of code bits, the (32, O) block code used for encoding CQI/PMI can be reused for encoding the UCI.
 
HARQ feedback information for downlink data is sent on NPUSCH.
Use a unified PUSCH design for UL-SCH and UCI as much as possible. 
Use the (32, O) code with repetition for encoding the UCI.

Resource allocation for UCI transmission
Thus far it has been agreed that NB-IoT supports five schedulable resource units for NPUSCH transmission as shown below.
1. UL multi-tone transmission based on 15 kHz subcarrier spacing
A. Transmissions based on12 tones are supported with 1 msec resource unit size
B. Transmissions based on 6 tones are supported with 2 msec resource unit size
C. Transmissions based on 3 tones are supported with 4 msec resource unit size
2. UL single-tone transmission
A. Transmission based on 15 kHz subcarrier spacing with 8 msec resource unit size
B. Transmission based on 3.75 kHz subcarrier spacing with 32 msec resource unit size
Since NPUSCH carrying UCI has a much smaller payload that NPUSCH carrying data, a different resource unit can be used for NPUSCH carrying UCI only, where the NPUSCH occupy a smaller resource unit. For example, instead of 8 ms for 15 kHz single-tone, the resource unit can be reduced to 4 ms for 15 kHz single-tone. However, UE implementation and NPUSCH resource allocation is simpler if not to introduce new UL resource units beyond the five listed above. 

Support both multi-tone and single-tone as UL resource unit size for UCI transmission.

For the resource allocation of PUSCH carrying UCI, the following options are considered. 
Option A. Predefined resource allocation, where one resource allocation is provided for each of the predefined coverage enhancement level;
Option B. Semi-statically configured resource via RRC signaling, where one resource allocation is provided for each of the supported coverage enhancement level;
Option C. Provided by a field in DCI which schedules the DL data;

To keep DCI size small, Option B can be used to provide part of the resource configuration information. For example, semi-static configuration indicates the multi-tone vs single-tone transmission. Considering NPUSCH carrying UCI vs UL-SCH, two semi-static configurations can be provided: 
· one for NPUSCH carrying UCI only; 
· another for NPUSCH carrying UL-SCH (possibly with UCI multiplexed in). 
Another aspect that can be semi-statically indicated is the number of repetition of the NPUSCH carrying UCI. Depending on the final decision on the content of UCI, the number of bits carried by NPUSCH may vary, and the target error rate of the UCI may vary. Hence multiple semi-static parameters may be needed to define the number of repetitions of the various UCI combinations. 
[bookmark: _GoBack]Aside from the semi-static configuration, the DCI fields can be used to dynamically provide other aspects of resource configuration, for example, to provide the time/frequency location of the NPUSCH.

UL resources for UCI transmission is determined by a combination of semi-statically signaled configuration and dynamically signaled indication.
In terms of time/frequency resource location of the NPUSCH carrying UCI, dynamic indication via DCI can be used on top of fixed or implicitly derived reference time/frequency resource location. 
· For the reference time, the starting time of the PUSCH can be defined as (tPDSCH,end+12) ms, where tPDSCH,end is the end of the corresponding NPDSCH. Then a DCI field provides a delay relative to the reference time. For example, a 2-bit “ACK/NACK delay” field can be defined. Let time unit t be the duration of the configured NPUSCH for ACK/NACK, e.g., t=4 ms if 15 kHz single-tone, t=1 ms if 6-tone. Then:
· “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;
· For the reference frequency resource location, this can be derived based on the index of the corresponding NPDCCH within the search space, similar to the concept of using CCE index to derive PUCCH resource in the legacy LTE system. A 2-bit “frequency offset” field in DCI can then provide offset relative to the implicitly derived reference frequency resource location.

The time/frequency resource location of UCI transmission is determined by time/frequency offsets relative to fixed/implicitly derived reference time/frequency resource location, where the time/frequency offsets are provided by DCI.
 
Conclusions
In this contribution, we discussed the UL UCI transmissions and make the following proposals: 
Proposal 1	Aperiodic CQI reporting is supported for UEs in normal coverage.
Proposal 2	Aperiodic CQI reporting is NOT supported for UEs in enhanced coverage.
Proposal 3	RI and PMI reporting are NOT supported for NB-IoT.
Proposal 4	Only 1-bit HARQ-ACK is supported for DL.
Proposal 5	HARQ-ACK multiplexed onto PUSCH carrying UL-SCH is not supported.
Proposal 6	Consider supporting the four listed UCI combinations.
Proposal 7	HARQ feedback information for downlink data is sent on NPUSCH.
Proposal 8	Use a unified PUSCH design for UL-SCH and UCI as much as possible. 
Proposal 9	Use the (32, O) code with repetition for encoding the UCI.
Proposal 10	Support both multi-tone and single-tone as UL resource unit size for UCI transmission.
Proposal 11	UL resources for UCI transmission is determined by a combination of semi-statically signaled configuration and dynamically signaled indication.
Proposal 12	The time/frequency resource location of UCI transmission is determined by time/frequency offsets relative to fixed/implicitly derived reference time/frequency resource location, where the time/frequency offsets are provided by DCI.
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