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At RAN#69, a new work item named Narrowband IOT (NB-IOT) was approved, see [1]. One objective is 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 a number of open issues regarding NB-PUSCH design.
· NB-PUSCH coverage levels
· Transmission formats for different NB-PUSCH coverage levels
· MCS table for NB-PUSCH
NB-PUSCH coverage levels
We propose that NB-PUSCH is configured to a number of coverage levels. The three coverage levels listed below have been well studied up to now.
· Normal coverage level (coupling loss expected to be 144 dB or lower)
· Extended coverage level I (coupling loss expected to be between 144 dB and 154 dB)
· Extended coverage level II (coupling loss expected to be higher than 154 dB)

Proposal 1: Rel-13 supports three NB-PUSCH coverage levels (1) Normal coverage level (coupling loss expected to be 144 dB or lower), (1) Extended coverage level I (coupling loss expected to be between 144 dB and 154 dB), and (3) Extended coverage level II (coupling loss expected to be higher than 154 dB)

A UE may estimate its coverage level based on a path loss estimate, and use an NB-PRACH preamble according to its estimated coverage level. Thus, NB-PUSCH may be initially set up according to the UE’s estimated coverage level. However, it should be possible for the network to reconfigure a UE to a different NB-PUSCH coverage level should it is determined that the UE’s path loss estimate is poor.
Proposal 2: UE can be reconfigured to a specific NB-PUSCH coverage level thorough RRC signaling.
Transmission formats for different NB-PUSCH coverage levels
NB-IoT supports the transmission formats below.
· UL multi-tone transmission based on 15 kHz subcarrier spacing
· Transmissions based on12 tones are supported with 1 msec resource unit size
· Transmissions based on 6 tones are supported with 2 msec resource unit size
· Transmissions based on 3 tones are supported with 4 msec resource unit size
· UL single-tone transmission based on 15 kHz subcarrier spacing with 8 msec resource unit size
· UL single-tone transmission based on 3.75 kHz subcarrier spacing with 32 msec resource unit size
According to [3], UEs in normal coverage benefit from multi-tone transmissions. Furthermore, single-tone transmissions using the 3.75 kHz numerology results in excessive link quality for UE in normal coverage.

Proposal 3: A UE configured to Normal Coverage uses X-tone NB-PUSCH transmission formats based on 15 kHz subcarrier spacing, where X includes 1, 3, 6, and 12. The value of X is included as a part of MCS definition.

Also according to [3], UEs in extended coverage do not benefit from multi-tone transmissions. However, there might be a mismatch between the actual and estimated coverage levels due to estimation error or UE movement. Thus, in our view, a UE configured to Extended Coverage Level I might still benefit from multi-tone transmissions. For UEs configured to Extended Coverage Level II, the benefits of multi-tone transmissions are expected to be small. Furthermore according to [3], depending on the TBS there might be an advantage of using the 15 kHz numerology of single-tone transmissions over the 3.75 kHz numerology.

Proposal 4: A UE configured to Extended Coverage I uses X-tone NB-PUSCH transmission formats based on 15 kHz subcarrier spacing, where X includes 1, 3, and 6. The value of X is included as a part of MCS definition. In addition, 3.75 kHz single-tone transmission may be used.
[bookmark: _Ref426290311]Proposal 5: A UE configured to Extended Coverage II uses only single-tone transmissions. Both 15 kHz and 3.75 kHz numerologies may be used.
MCS table
We propose that different MCS tables are defined for different NB-PUSCH coverage levels. Each MCS table targets a different range of coupling loss, however the ranges of coupling loss of two different MCS tables may overlap. This avoids a need to reconfigure the UE to a different NB-PUSCH coverage level if the actual coverage level changes or is different from the estimated coverage level.
Proposal 6: The NB-PUSCH MCS tables are designed based on coupling loss.
Proposal 7: NB-IoT defines different MCS tables for different NB-PUSCH coverage levels.

The step size in the MCS table, in terms of targeted coupling loss may not need to be as small as that in the legacy LTE case. This will reduce both the size of MCS table and also MCS signalling. In our view, a MCS table of size 8 will be sufficient for NB-PUSCH. For example, with a step size of 4 dB, 8 entries on the MCS table cover a coupling loss range of 28 dB. In addition to modulation index and coding rate, as discussed above the MCS tables for Normal Coverage and Extended Coverage I need to further include the number of tones used in a NB-PUSCH transmission. Furthermore, the MCS tables for at least Extended Coverage may include the repetition factors.

Proposal 8: The MCS table for a NB-PUSCH coverage level includes no more than 8 MCSs.
Proposal 9: The exact MCS table for each NB-PUSCH coverage level is FFS.
Proposal 10: The MCS tables for Extended Coverage I and II may include the repetition factors.
Conclusions
In this contribution, we discuss a number of open issues regarding NB-PUSCH design. Here are our proposals.
Proposal 1: Rel-13 supports three NB-PUSCH coverage levels (1) Normal coverage level (coupling loss expected to be 144 dB or lower), (1) Extended coverage level I (coupling loss expected to be between 144 dB and 154 dB), and (3) Extended coverage level II (coupling loss expected to be higher than 154 dB)
Proposal 2: UE can be reconfigured to a specific NB-PUSCH coverage level thorough RRC signaling.
Proposal 3: A UE configured to Normal Coverage uses X-tone NB-PUSCH transmission formats based on 15 kHz subcarrier spacing, where X includes 1, 3, 6, and 12. The value of X is included as a part of MCS definition.
Proposal 4: A UE configured to Extended Coverage I uses X-tone NB-PUSCH transmission formats based on 15 kHz subcarrier spacing, where X includes 1, 3, and 6. The value of X is included as a part of MCS definition. In addition, 3.75 kHz single-tone transmission may be used.
Proposal 5: A UE configured to Extended Coverage II uses only single-tone transmissions. Both 15 kHz and 3.75 kHz numerologies may be used.
Proposal 6: The NB-PUSCH MCS tables are designed based on coupling loss.
Proposal 7: NB-IoT defines different MCS tables for different NB-PUSCH coverage levels.
Proposal 8: The MCS table for a NB-PUSCH coverage level includes no more than 8 MCSs.
Proposal 9: The exact MCS table for each NB-PUSCH coverage level is FFS.
[bookmark: _GoBack]Proposal 10: The MCS tables for Extended Coverage I and II may include the repetition factors.
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