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1. Introduction
In RAN#69, narrowband IoT has been approved as a work item with the following objectives [1]: 
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

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

In particular, the following will be supported:

· 180 kHz UE RF bandwidth for both downlink and uplink

· OFDMA on the downlink

· Two numerology options will be considered for inclusion: 15 kHz sub-carrier spacing (with normal or extended CP) and 3.75 kHz sub-carrier spacing. Technical analysis will either perform a down-selection or decide on inclusion of both based on the feasibility of meeting relevant requirements while achieving commonality (to be finalized by RAN #70)

· For the uplink, two options will be considered: FDMA with GMSK modulation (as described in 3GPP TR 45.820 section 7.3), and SC-FDMA (including single-tone transmission as a special case of SC-FDMA) 

· Technical analysis will either perform a down-selection or decide on inclusion of both 

· The two above will strive for single solution / down-selection, and the decision will be performed by RAN #70 on the basis of RAN1 evaluation. 

· RAN1 evaluation will be based on

· For the standalone mode of operation: on scenarios and criteria documented in 3GPP TR 45.820 Sections 4 & 5, and Annex A (with the exception of impacts to GSM base station baseband)

· For in-band & guard-band mode of operation: on scenarios and criteria documented in 3GPP TR 45.820 Sections 4 & 5, and Annex A (with exception of impacts to GSM base station baseband and RF), plus newly defined scenarios and criteria based upon the same TR e.g. interference to/from legacy LTE operation

· For power consumption, latency, and capacity, this evaluation will assume use of Gb interface towards the core network

· RAN1 evaluation will be based on a detailed numerical assessment in addition to any pass/fail criteria

· RAN1 will involve RAN2 as necessary

· A single synchronization signal design for the different modes of operation, including techniques to handle overlap with legacy LTE signals

From these agreements, one of the key design requirements is to develop inband design that can address both the NB-IOT design needs as well as compatibility to legacy operations. 
In this contribution, we present our view on in-band NB-IOT design. 
2. In-Band NB-IoT Design
2.1. Background and Requirements

Up to Rel 13, LTE systems support the following bandwidth: 1.4, 3, 5, 10, 15 and 20 MHz. In Rel 13, we introduced eMTC, where RF and baseband of 6 RB or 1.08 MHz are supported. In GERAN, NB-CIoT and NB-LTE are studied to further reduce the bandwidth to fit into 200 KHz, e.g. to allow re-farming of GSM bandwidth. 
The key requirements for inband NB-IOT design are:

· RF and BB of 180 KHz

· From device side, at any given time, the UE needs to only support RF and BB of 180 KHz

· FFS whether to allow re-tuning when multiple RBs are available for inband deployment

· Support co-existence of NB-IOT and regular LTE

· FDD and TDD

· With TDD, the number of contiguous D and U can have an impact on the DL and UL tone spacing, i.e. the extend of time domain expanding of the signal

· NCP and ECP
· Leverage existing LTE block and procedures as much as possible

· This includes coding, rate matching, CRS/DMRS design 

· This is desirable to avoid market fragmentation
· Support similar coverage as eMTC, FFS whether to support larger coverage beyond eMTC requirements
Based on these discussions, we make the following proposals: 
Proposal 1:
Reuse LTE design components as much as possible for inband design, including coding, rate matching, RS design, and DL/UL numerology.

Proposal 2:
Support NB-IOT for both FDD and TDD deployment. 

2.2. Key Design Elements

To address these design requirements, our key inband NB-IOT design components are:

1. Support 15 KHz tone spacing to maintain DL backward compatibility with legacy LTE 
2. Rate match around or punctured by legacy signals to allow co-existence

3. Early indication of standalone vs. in-band deployment to allow optimization for both inband and standalone cases (FFS indication of guardband deployment)

4. When multiple RBs are allocated inband for NB-IOT deployment, consider more efficient resource utilization and frequency diversity 

The following new channels will need to be designed to fit into 6 PRB: 

1. New NB-PSS, NB-SSS

a. Optimization of sequence design:

i. Fits into 1 RB

ii. Good PAPR properties to allow power boosting of PSS/SSS for standalone
iii. Allow efficient receiver implementations

b. Maintain similar PCID singling capability as today

i. The split between PSS and SSS to indicate cell ID can be different, e.g. fixed PSS sequence and allow SSS to indicate all cell ID to simplify the time/frequency acquisition in PSS search

c. Indication of inband vs. standalone, and/or TDD vs. FDD

i. This can be indicated from sequence selection, relative position, etc. similar to today’s indication of TDD vs. FDD

d. CRS puncture into NB-PSS/NB-SSS

i. For standalone, guardband, as well as symbols where CRS does not exist, this allows maximum utilization of frequency tones for NB-PSS/NB-SSS design. 

1. Network can also configure MBSFN subframes to minimize the collision between CRS and NB-PSS/NB-SSS
ii. For inband deployment in symbols colliding with CRS, the CRS tones can puncture into NB-PSS/NB-SSS

2. New NB-PBCH 

a. Fits into 1 RB design

b. Resolve the issue of CRS sequence uncertainty

i. Since CRS sequence in any PRB is a function of the indexing of the PRB, if NB-PBCH is transmitted in any PRB within a wide bandwidth, UE will not know the CRS for NB-PBCH demod

ii. One solution is to allow DMRS based PBCH demod, as shown in Figure 1. 

c. New MIB payload to reduce overhead

i. Possible indication of inband vs. standalone if not indicated in NB-PSS/NB-SSS

ii. Remove the PHICH duration, BW information from NB-MIB

d. Sparse transmission to allow tradeoff between overhead and coverage
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Figure 1. DMRS Based NB-PBCH Demod

3. New NB-PRACH

a. Fits into 1 RB 

b. Chu sequence based 

c. The exact tone spacing depending on how we are supporting TDD configurations

Based on these discussions, we make the following proposals: 

Proposal 3:
Introduce following new channels: NB-PSS, NB-SSS, NB-PBCH, NB-RACH to fit into 180 KHz.

Other channels can be modified to fit into 1 RB:

1. NB-PDSCH:

a. Current LTE already allow 1 RB NB-PDSCH assignment with both DMRS and CRS based demodulation. 

b. One possible extension is to consider sub-RB allocation or CDM in order to increase user multiplexing capability

c. Similar to eMTC DL data channel design, we should minimize the DL TM support, e.g. just support single TM for the DL. 

d. Only TBCC is supported to reduce UE decoding complexity

2. NB-PUSCH:

a. Current LTE already support 1 RB NB-PUSCH. 

b. We propose to support sub-RB including single tone assignment for UL to allow better user multiplexing. 

i. We can also consider other transmission techniques, such as PUCCH_like channel structure to allow user multiplexing with increase DMRS pilot density, or more general CDM approach across multiple symbols/subframes. 

3. NB-PDCCH:

a. NB-PDCCH can be simple extension of M-PDCCH with the restriction of single RB assignment

i. Rate match around legacy control symbols for inband deployment, but can use all symbols for standalone deployment

ii. Support one or more MPDCCH per subframe

1. Can reuse REG concept it multiple MPDCCHs are supported

2. No search space if single MPDCCH per subframe
b. Additional optimization can be considered to reduce DCI size and blind detection hypothesis. 

Based on these discussions, we make the following proposals: 

Proposal 4:
Agree on 15 KHz DL tone spacing for inband design. 

Proposal 5:
Consider both FDD and TDD system requirements when designing UL tone spacing and other numerology. 

Proposal 6:
Support only TBCC for DL data channel. 

We propose to consider the following multiplexing functionality:
· DL control and data multiplexing:

· TDM is supported 

· One or more subframes are used for NB-PDCCH, subsequent subframe(s) used for data 

· Always support cross-subframe assignment

· FDM is also supported

· Allow multiplexing of NB-PDCCH and PDSCH in the same RB

· Either subset of tones for each or both follow REG concept

· On user multiplexing:

· TDM 

· One UE occupies 12 tones of the RB 

· Single grant for each RB

· FDM

· Multiple UEs share the tones of the RB

· Multiple grants for a RB

· This is especially beneficial for UL to allow better user multiplexing

· CDM

· Additional CDM techniques can be considered to increase the dimensions, e.g. by allowing symbol/slot/subframe level spreading or by allowing PUCCH_like channel structure

Based on these discussions, we make the following proposals: 

Proposal 7:
Consider single tone or CDM approaches to increase user multiplexing capability. 
3. Summary
In this contribution we presented our view on NB-IOT inband design. 
Proposal 1:
Reuse LTE design components as much as possible for inband design, including coding, rate matching, RS design, and DL/UL numerology.

Proposal 2:
Support NB-IOT for both FDD and TDD deployment. 

Proposal 3:
Introduce following new channels: NB-PSS, NB-SSS, NB-PBCH, NB-RACH to fit into 180 KHz.
Proposal 4:
Agree on 15 KHz DL tone spacing for inband design. 

Proposal 5:
Consider both FDD and TDD system requirements when designing UL tone spacing and other numerology. 

Proposal 6:
Support only TBCC for DL data channel. 

Proposal 7:
Consider single tone or CDM approaches to increase user multiplexing capability. 
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