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1. Introduction
At RAN #69, a new work item named Narrowband Internet of Things (NB-IOT) was approved to specify a radio access for cellular internet of things [1]. NB-IOT should support 3 different modes of operation, i.e., stand-alone operation, guard-band operation, and in-band operation. In this contribution, we discuss the three deployment scenarios and the criteria which need to be newly defined.
2. NB-IOT Deployment Scenarios
In [1], it was mentioned that NB-IOT should support 3 different modes of operation: 

· ‘Standalone operation’ utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers

· ‘Guard-band operation’ utilizing the unused resource blocks within a LTE carrier’s guard-band 

· ‘In-band operation’ utilizing resource blocks within a normal LTE carrier

The three different operation modes are shown in Fig. 1, respectively.
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Fig. 1. NB-IOT Operation Mode: (a) Standalone Mode, (b) Guard-band Mode, and (C) In-band Mode

The studies in [2] have mainly focused on the standalone operation, and the solution targeting in-band operation was studied in [3]. For guard-band or in-band operation, the considered deployment scenario is to place NB-IOT into the resource blocks within the LTE carrier’s guard-band or within a normal LTE carrier, as shown in Fig. 1(b) and (c). Regarding the guard-band and in-band operations, it was agreed in [1] that

· RAN1 evaluation will be based on

· 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
3. Assumptions and New Criteria for Guard-band/In-band Operations

In the part, we discuss the assumptions and new criteria for guard-band and in-band deployment scenarios. 

3.1 Assumptions

Common Assumptions: 

1) LTE System Bandwidth: 10MHz

2) LTE eNB TX Antenna Configuration: 2 antenna ports assumed
a. Transmission Mode: SFBC
3) Deployment Scenarios: Co-location
4) LTE eNB TX Total Power: 46dBm
In-Band Specific Assumptions: 

1) NB-IOT Downlink TX Power: NB-IOT shares the LTE eNB TX power with other PRBs, but power boosting is considered to improve the coverage performance.

a. LTE CRS: No power boosting

b. PHY Channels: X dB (e.g., 3dB ~ 6dB)

2) NB-IOT PRB Location: The PRBs outside of the center 6 PRBs are preferred, to make it easy to avoid conflict with legacy LTE synchronization signals and broadcast channels.
Guard-Band Specific Assumptions: 

1) NB-IOT Downlink TX Power: NB-IOT shares the LTE eNB TX power with other PRBs, and the maximum power can be equal to or larger than that for in-band case with maximum power boosting.

2) NB-IOT PRB Location: The location in guard-band can be determined by a pre-defined offset from the edge PRB
Proposal 1: For NB-IOT guard-band/in-band deployments, it is necessary to define the possible PRB locations, and the maximum available transmit power.
3.2 New Criteria

In TR 45.820 Section 4.1, the performance objectives are described in terms of improved indoor coverage, support of massive number of low throughput devices, reduced complexity, improved power efficiency, and latency. In TR 45.820 Section 5, the corresponding evaluation methodology for each objective is described in details. Basically, it is desirable that the performance objectives of NB-IOT for guard-band/in-band deployment can be the same as that of the standalone deployment. However, considering that NB-IOT may share the downlink transmit power with the LTE eNB, i.e., the NB-IOT downlink transmit power may be limited compared to that of the standalone case, it is not precluded that relaxed objectives can be considered if necessary.

Proposal 2: For NB-IOT guard-band/in-band deployments, the performance objectives in TR 45.820 Section 4.1 and evaluation methodology in TR 45.820 Section 5 can be re-used, but it is not precluded to consider relaxed performance objectives.
Considering the deployment feature of guard-band and in-band operations, it is necessary to extend the criteria in terms of co-existence objective, mentioned in 4.2.1 in TR 45.820 [2].  

	[TR 45.820]

4.2
Compatibility objectives

4.2.1
Co-existence 

The Cellular IOT system should avoid negative impacts to legacy GSM/WCDMA/LTE system(s) deployed in the same frequency band and adhere to the regulatory requirements which apply to the spectrum bands in which the system operates.


Proposal 3: For NB-IOT guard-band/in-band deployments, new criteria in terms of the co-existence objective need to be further defined.

Table 1: New Criteria for Guard-band/In-band Evaluations
	Item
	Value

	NB-IOT link level performance under interference from LTE
	1. SINR at 10% BLER

2. Other metrics TBD (e.g. throughput)

	LTE link level performance under interference from NB-IOT
	1. SINR difference at 10% BLER

2. Acceptable SINR differences TBD in RAN1

3. Other metrics TBD

	Assumed LTE PRBs
	1st adjacent, 2nd adjacent, 3rd adjacent


More parameters/criteria can follow the outcome of RAN1 email discussion [82-17].
4. Operation Mode Differentiation

Since three different deployment scenarios are considered, it is necessary to study how the UEs can differentiate the operation mode. It may be necessary to differentiate the operation mode as quickly as possible, e.g., at the time of cell search or PBCH reception, since the succeeding processing in different operation mode may be different.
Proposal 4: The differentiation of operation modes (deployment scenarios) at the UE side needs to be further studied.
5. Conclusions
In this contribution, we discussed the deployment scenarios of NB-IOT and have the following proposals:
Proposal 1: For NB-IOT guard-band/in-band deployments, it is necessary to define the possible PRB locations, and the maximum available transmit power.
Proposal 2: For NB-IOT guard-band/in-band deployments, the performance objectives in TR 45.820 Section 4.1 and evaluation methodology in TR 45.820 Section 5 can be re-used, but it is not precluded to consider relaxed performance objectives.
Proposal 3: For NB-IOT guard-band/in-band deployments, new criteria in terms of the co-existence objective need to be further defined.

Proposal 4: The differentiation of operation modes (deployment scenarios) at the UE side needs to be further studied.
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