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1 Introduction

A new LTE release 13 work item (WI) on narrowband IoT (NB-IoT) has been approved in 3GPP TSG RAN Meeting #69 [1]. NB-IOT should support 3 different modes of operation, namely stand-alone, guar band, and in-band operation. As for in-band operation, NB-IoT will co-exist with other radio access techniques (RAT) such as legacy LTE and eMTC. 
In this document, we provide our view on the coexistence of eMTC and NB-IoT, particularly on the impact of in-band NB-IoT operation to the eMTC deployment.  
2 Discussions
eMTC operates in 1.4 MHz bandwidth and it occupies 6 RBs. Several agreements related to the eMTC narrowband definitions were captured in the last of few 3GPP RAN1 meetings:
RAN1#80bis agreement [2]:

· A set of DL and UL narrow-band(s) are known to UE

· Definition of narrow-band(s) is specified in the spec

· FFS details of a definition of narrow-band(s)

· FFS on how to UE knows available narrow-band(s) for MTC UEs

· One narrow-band size is 6PRB

· FFS on other narrow-band size(s)

· PRBs in a narrow-band are aligned with legacy PRB mapping

· Frequency hopping over the system bandwidth is not used for at least

· PSS/SSS

· PBCH

· Hopping pattern between narrow-bands is supported. FFS on details of hopping pattern
RAN1#81 agreement [3]:

· A narrowband is defined as a set of contiguous PRBs

· At least for TDD, the same set of narrowbands are specified for both DL and UL

· NOTE: This avoids additional retuning in TDD

· Narrowbands are non-overlapping

· FFS: Some PRBs may not be included in any narrowband

· FFS the location of these PRB(s) (e.g., edge(s), near the center, …)

· The PSS/SSS/PBCH may be in one or more narrowbands. PSS/SSS/PBCH is independent of any narrowbands

· In case a UE needs to monitor PSS/SSS/PBCH of a cell, it can be retuned to the center 72 subcarriers (excluding system DC)

· FFS how the narrowbands are defined across the system BW

· FFS if an offset is allowed for aligning UL narrowbands with legacy PUCCH and/or PRACH

RAN1#82 agreement [4]:

· All narrowbands are of a size of 6 PRBs
· Total number of DL narrowbands in the system bandwidth is fixed at [image: image1.wmf]ú
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· Total number of UL narrowbands in the system bandwidth is fixed at [image: image2.wmf]ú
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· The remaining RBs are divided evenly at both ends of the system bandwidth, with the extra odd PRB for the system BW (e.g. 3, 5, and 15 MHz) located at the center of the system BW
· The narrowbands are numbered in order of increasing PRB number
The eMTC narrowband operation for LTE 10 MHz based on the above agreements can be illustrated in Figure 1. It can be observed that it consists of 8 MTC narrowband regions and the two center sub-carriers are not allocated for eMTC (i.e used by the legacy LTE system).
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Figure 1: MTC narrowbands allocation in LTE 10 MHz case
The three operations of NB-IoT system are depicted in the following Figure 2. In this example, in-band NB-IoT uses RB#41 and it is overlapped with eMTC narrowband #7. Moreover, in case of multiple in-band NB-IoTs, it can overlap with more than 1 eMTC narrowband regions.

[image: image4.emf]6 RBs

LTE 10 MHz (50 RBs)

In-band

guardband

standalone

NB-IoT


Figure 2: Illustrations of NB-IoT deployment
Observation 1: In-band NB-IoT can overlap with eMTC narrowband. In case of multiple in-band Nb-IoTs, it can overlap with more than one eMTC narrowband regions.
In such case, the number of RB in an eMTC narrowband will be less than 6 PRBs. Thus, that particular MTC narrowband should not be allocated for eMTC transmissions. Subsequently, this will also affect the MTC narrowband numbering method. These observations can be illustrated in Figure 3 below. 
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Figure 3: An example of co-existence between MTC and NB-IoT

Based on the above observation and analysis, we propose:
Proposal 1: The eMTC narrowband that overlap with the narrowband In-band NB-IoT operation should not be used for eMTC. Thus, the total number of DL narrowbands in the system bandwidth is fixed at 
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, where M is the number of eMTC narrowband(s) that overlap with the narrowband(s) In-band NB-IoT. The same method is also applied to the UL narrowbands (if appicable).
Proposal  2: The narrowbands are numbered in order of increasing PRB number and also consider the following possible options: 
· Option a): Puncture the index (indices) of narrowband(s) that overlap with the in-band NB-IoT(s) (e.g. #1, # 2, #3, #4, #5, #6, #8, where #7 contains in-band NB-IoT).
· Option b): Skip the index (indices) of narrowband(s) that overlap with the in-band NB-IoT(s) (e.g. #1, # 2, #3, #4, #5, #6, #7).
The unavailability of one or even more eMTC narrowbands can affect the eMTC frequency hopping operation. The eMTC frequency hopping operation has been agreed for several transmissions, including PDSCH, M-PDCCH, and MTC SIB 1 and so far it has not considered the in-band NB-IoT operation.
Proposal  3: The design of eMTC frequency hopping should consider the unavailability of eMTC narrowband(s) due to the in-band NB-IoT operation. The details are FFS.

3 Conclusion
In this contribution, we discuss the impact of the in-band NB-IoT operation to the eMTC. We have obtained this observation:
Observation 1: In-band NB-IoT can overlap with eMTC narrowband. In case of multiple in-band Nb-IoTs, it can overlap with more than one eMTC narrowband regions.
Three proposals have been made:

Proposal 1: The eMTC narrowband that overlap with the narrowband In-band NB-IoT operation should not be used for eMTC. Thus, the total number of DL narrowbands in the system bandwidth is fixed at 
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, where M is the number of eMTC narrowband(s) that overlap with the narrowband(s) In-band NB-IoT. The same method is also applied to the UL narrowbands (if appicable).
Proposal  2: The narrowbands are numbered in order of increasing PRB number and also consider the following possible options: 
· Option a): Puncture the index (indices) of narrowband(s) that overlap with the in-band NB-IoT(s) (e.g. #1, # 2, #3, #4, #5, #6, #8, where #7 contains in-band NB-IoT).
· Option b): Skip the index (indices) of narrowband(s) that overlap with the in-band NB-IoT(s) (e.g. #1, # 2, #3, #4, #5, #6, #7).
Proposal  3: The design of eMTC frequency hopping should consider the unavailability of eMTC narrowband(s) due to the in-band NB-IoT operation. The details are FFS.
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