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1 Introduction
In RAN1#83, the following agreements were made.
Agreement: 

· Proposal for NB-IoT UL

· Single-tone transmissions are supported

· 2 numerologies should be configurable for Single-tone transmission: [3.75]kHz and 15kHz

· A cyclic prefix is inserted

· Frequency domain Sinc pulse shaping in the physical layer description

· Multi-tone transmissions are supported

· Multi-tone transmissions are based on SC-FDMA

· 15 kHz UL subcarrier spacing

· Additional mechanisms for PAPR reduction FFS

· The UE shall indicate the support of Single-tone and/or Multi-tone
· Details to be discussed by WGs

· Proposal for NB-IoT DL

· Downlink transmission with 15kHz subcarrier spacing for all the scenarios: standalone, guardband, in-band 

Based on the agreements, we discuss NB-IoT numerology and frame structure in this contribution.
2 Discussion

Time unit Ts
During the email discussion, several options for NB-IoT time unit Ts were proposed as follows.
· Option 1: 1/30.72MHz (Legacy LTE) 

· Option 2: 1/1.92MHz   

· Option 3: 1/240kHz --- fractional sample of CP
· Option 4: Others

Considering the limited BW of NB-IoT and the benefit with respect to processing complexity to have integral number of samples in CP, it is proposed to adopt option 2.

Proposal 1: Time unit Ts for NB-IoT is 1/1.92MHz.

Frame/Subframe/Slot
For NB-IoT DL, the subcarrier spacing remains the same as legacy LTE, hence it is straightforward to reuse the legacy LTE frame, subframe and slot structures.
For NB-IoT UL, there are two subcarrier spacing options, i.e. 15 kHz and 3.75 kHz. For UL with 15 kHz subcarrier spacing, the legacy LTE subframe structure can be reused. For UL with 3.75 kHz subcarrier spacing, symbol length extends to 266.67μs. Several options can be considered and are compared in Table 1.

Table 1: Comparison of different subframe durations for UL with 3.75 kHz subcarrier spacing

	Subframe duration
	1ms
	2ms
	3ms
	4ms

	Number of symbols within a subframe
	3
	7
	10
	14

	CP overhead
	20%
	6.67%
	11.11%
	6.67%

	TDD forward compatibility
	Compatible with all TDD UL-DL configurations
	Compatible with TDD UL-DL configurations 0/1/3/4/6, less efficient in configurations 0/3/6
	Compatible with TDD UL-DL configurations 0/3/6, less efficient in configurations 6
	Not compatible with any TDD configuration


Considering the tradeoff between CP overhead and TDD forward compatibility, it is proposed to adopt 2ms subframe structure for NB-IoT UL with 3.75 kHz subcarrier spacing. If more TDD UL-DL configurations need to be supported, it can be further considered to define other subframe structures specifically for TDD in later release. The subframe structure can be statically determined based on TDD UL-DL configuration.

It is desirable to have same frame structure for both DL and UL. Based on DL analysis, it was proposed to reuse LTE frame structure. Therefore, it is proposed to reuse LTE frame structure for UL as well regardless of the subcarrier spacing. Whether slot is still needed for NB-IoT UL can be further discussed.
Proposal 2: NB-IoT frame length is 10ms.

Proposal 3: NB-IoT DL subframe and slot structures are the same as LTE.

Proposal 4: NB-IoT UL subframe length is 1ms for 15 kHz subcarrier spacing and 2ms for 3.75 kHz subcarrier spacing.

Resource unit

For NB-IoT UL, it was agreed to support single-tone and multi-tone transmissions. For single-tone transmission, it is preferred to fix the number of subframes of one resource unit. For multi-tone transmission, it is not yet decided the granularity of number of subcarriers for scheduling. In general, it is preferred that the product of the number of subcarriers and the number of symbols within a resource unit is fixed. Furthermore, the possible number of subcarriers for scheduling should be predefined to be limited set and a UE can be semi-statically configured the number of subcarriers for UL scheduling. A UE can be further allocated multiple resource units and repetition can be used to enhance the coverage.
Proposal 5: A limited set of {number of subcarriers, number of subframes} for one resource unit is predefined in the spec.

Proposal 6: A UE is semi-statically configured one {number of subcarriers, number of subframes} for UL scheduling.
3 Conclusions

In this contribution, we discuss NB-IoT numerology and frame structure with the following proposals.

Proposal 1: Time unit Ts for NB-IoT is 1/1.92MHz.

Proposal 2: NB-IoT frame length is 10ms.

Proposal 3: NB-IoT DL subframe and slot structure are the same as LTE.

Proposal 4: NB-IoT UL subframe length is 1ms for 15 kHz subcarrier spacing and 2ms for 3.75 kHz subcarrier spacing.

Proposal 5: A limited set of {number of subcarriers, number of subframes} for one resource unit is predefined in the spec.

Proposal 6: A UE is semi-statically configured one {number of subcarriers, number of subframes} for UL scheduling.
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