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1 Introduction
3GPP TSG RAN has agreed a new Work Item (WI) [1] to carry out the normative work during Release 13. The WI includes three deployment scenarios, namely standalone, LTE guard band, and LTE in-band.  For the in-band mode of operation, the evaluation is specified to be based on scenarios and criteria documented in Sections 4 & 5, and Annex A of 3GPP TR 45.820 [2] with additional scenarios and criteria to be defined. 
In this document, detailed in-band deployment scenarios are discussed. 
2 Cell Layout
For in-band operation, the following deployment scenarios are envisioned:

1. NB-IoT and LTE share the same BS’s.

2. NB-IoT and LTE have the same cell layout.

Scenario 1 is obvious. If NB-IoT has a larger cell size, i.e., one NB-IoT cell cover several LTE cells, UEs close to an LTE BS other than the NB-IoT BS will suffer serious near-far problem. For this reason, it is envisioned that NB-IoT in-band and LTE have the same cell layout, as shown in Figure 1.

Proposal 1: For LTE in-band operation, initial evaluations consider only collocated deployment where NB-IoT and LTE share the same BS and cell layout.
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Figure 1 LTE and NB-IoT in-band cell layout.

3 Support of Multiple PRBs
One of the advantages of LTE in-band deployment is its scalability. As such, it is desirable to consider the support of multiple PRBs in the early design phase. See [3] for more detailed discussion. 

4 TDD Support

UL numerology design should also consider support of TDD, where the contiguous UL or DL transmissions are restricted. For example, a straight extension from 1 subframe to 6 subframes by reducing the tone spacing by 6 would require 6 contiguous DL or UL subframes, which does not exists in legacy TDD configurations. It is therefore important to consider the TDD configurations for UL numerology design. 
Proposal 2: NB-IoT supports in-band operation of both LTE FDD and TDD. 

5 Objectives 
For LTE in-band operation, the sourcing company believes the following objectives stated in [2] may not be necessary.
1. Improved indoor coverage: The requirement of 164 dB MCL is derived based on the assumption of inter-cell site 1732 m. This assumption may not represent today’s typical LTE cells in urban area. In addition, due to the limitation of downlink transmit power, a system design that targets at excessive coverage enhancement may not best suit for market needs.
2. Support of a massive number of low throughput mobile devices: Since in-band operation have the benefit of multiple PRB’s, it is not necessary to demonstrate the support of 52547 mobile devices by one PRB.
In Table 1, the key requirements of NB-IoT standalone and NB-IoT LTE in-band operations are compared.
Table 1 Key requirements and objectives of NB-IoT standalone and in-band.

	No.
	Requirement/Objective
	Standalone
	In-band

	1
	RF bandwidth (kHz)
	180
	180

	2
	Maximum coupling loss (dB)
	164
	TBD

	3
	Device density per cell sector
	52547
	TBD

	4
	Minimum data rate (bps)
	160
	[160]

	5
	Reduced complexity
	Applicable
	Applicable

	6
	Exception report latency (seconds)
	10
	10

	7
	Network sharing (up to 6 PLMNs)
	Required
	Required

	8
	Access control
	Required 
(per PLMN)
	Required 
(per PLMN)

	9
	Access priority levels (Note 1)
	At least 2 (Normal and High)
	At least 2 (Normal and High)

	10
	Extended Access Barring
	Not Required
	Not Required

	11
	Co-existence with legacy systems
	Applicable
	Applicable

	12
	Implementation impact to BS/eNB
	Applicable
	Applicable

	13
	Battery life (Years) (Note 2)
	>=10
	>=10

	14
	Inter-RAT support
	No required
	Not required

	15
	Inter-frequency measurements/reselection
	Required
	Required

	16
	Public warning function (CMAS, ETWS, PWS)
	Not required
	Not required

	17
	Extended DRX
	Required
	Required

	18
	Power Saving Mode (as per Release 12)
	Required
	Required

	19
	Event based neighbor cell monitoring (inter- and intra-frequency)
	Required
	Required

	20
	Connected mode mobility
	Not required
	Not required

	21
	Quality of service
	Best effort
	Best effort


6 Summary
In this document, details of LTE in-band deployment scenarios have been discussed, including cell layout, support of multiple PRBs, and support of TDD mode. In addition, it has proposed to revisit the applicability of two objectives defined in TR45.820, namely the coverage extension and the number of low throughput devices.   

Two proposals have been made:

Proposal 1: For LTE in-band operation, initial evaluations consider only collocated deployment where NB-IoT and LTE share the same BS and cell layout.

Proposal 2: NB-IoT supports in-band operation of both LTE FDD and TDD.
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