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1 Introduction
3GPP TSG GERAN has completed study on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things [1] and following from this 3GPP TSG RAN has agreed a Work Item [2] to carry out the normative work during Release 13. The Work Item has three deployment scenarios, namely standalone, LTE guardband and LTE in-band while the study focused on standalone. This document lists the requirements/objectives from the study report so that each one can be assessed how it applies to LTE guardband and in-band deployment cases. This exercise is necessary to develop the evaluation methodology.
This paper also looks at the consequences of the requirements on the NB-IoT system and UE.
2 Key requirements and objectives
The key requirements extracted from TR 45.820 [1] are shown in Table 1 below. TR 45.820 essentially has requirements for standalone deployment (shown in bold in Table 1) and these have been extrapolated to guardband and in-band scenarios.
Table 1 Key requirements and objectives
	No.
	Requirement/Objective
	Standalone
	Guardband
	In-band

	1
	System bandwidth (kHz)
	180
	180
	TBD

	2
	Maximum coupling loss (dB)
	164
	TBD
	TBD

	3
	Device density per cell sector
	52547
	TBD
	TBD

	4
	Minimum data rate (bps)
	160
	160
	160

	5
	Reduced complexity
	Applicable
	Applicable
	Applicable

	6
	Exception report latency (seconds)
	10
	10
	10

	7
	Network sharing (up to 6 PLMNs)
	Required
	Required
	Required

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

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

	10
	Extended Access Barring
	Not Required
	Not Required
	Not Required

	11
	Co-existence with legacy systems
	Applicable
	Applicable
	Applicable

	12
	Implementation impact to BS/eNB
	Applicable
	Applicable
	Applicable

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

	14
	Inter-RAT support
	No required
	Not required
	Not required

	15
	Inter-frequency measurements/reselection
	Required
	Required 
	Required

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

	17
	Extended DRX
	Required
	Required
	Required

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

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

	20
	Connected mode mobility
	Not required
	Not required
	Not required

	21
	Quality of service
	Best effort
	Best effort
	Best effort


Note 1: Exception report (such as fire alarm reporting) has higher priority than other reports (such as meter reading).  

Note 2: For evaluation 3GPP GERAN TR [1] provides battery capacity (5Wh), coverage extension (144, 154 & 164dB), report size (50 & 200 bytes) and report frequency (2 & 24 hours).  
Proposal 1: RAN WG asked to review, complete (where necessary) and endorse these requirements to allow for design and evaluation to proceed.

3 System limitations
A system with such a narrow bandwidth and extended coverage imposes serious limitations on the capability of the system. For comparison, the existing GSM system broadcast channel resource usage is shown in Table 2 (see sub-clause 7 of [3]) and NB-CIoT resource usage is shown in Table 3 (see sub-clause 7.3 of [1] ).

For GSM system it is assumed a cell supports single, non-combined common control channel without extended BCCH.

Table 2 GSM system downlink resource usage (broadcast carrier)
	Activity
	Resource (%)

	Synchronization
	2.5

	Broadcast
	1

	Access Grant/Paging
	9

	Traffic
	87


Table 3 NB-CIoT system downlink resource usage
	Activity
	Resource (%)

	Synchronization
	3

	PBCH
	8

	PDCCH/Paging
	24

	PDSCH
	65


Note: In NB-CIoT concept (see sub-clause 7.3.5.1 of [1] ) the essential system information (with only 1 PLMN ID) required less than 300 bits (before CRC addition and channel encoding) to be transferred over the radio interface.
The comparison shows that a coverage extended system utilizes almost 3x more resources for downlink control channels than existing GSM system even after taking into account significantly reduced system functionality (such as no inter-RAT capability, public warning). The NB-IoT system likely to have downlink resource ratio similar to that for NB-CIoT rather than GSM.

Proposal 2: Extreme care needed to ensure only the required information is sent on the downlink. This applies to the number of different information elements and the range of values for a given information element.

4 UE functionality

The legacy 3GPP systems (2G, 3G or 4G) support a wide range of functionalities to cater for different market segments hence different UE complexities. The NB-IoT system on the other hand needs to support a much lower diversity of application (i.e small date sent/received infrequently). There are some key difference between normal UE and NB-IoT UE and these are:

· NB-IoT UE needs to have much lower complexity than normal UE

· NB-IoT UE typical will support one radio interface (3GPP) where as normal UEs typical support more than one radio interface (e.g 3GPP, WiFi, BT)  

· NB-IoT UE supports much lower data rates than normal UE.

· NB-IoT UE, in many cases, have limited power source where as normal UE power source can be replenished.

These key differences between normal UE and NB-IoT leads to the following limitations for NB-IoT UE:

· Lower level of functionality to keep code size small and testing to minimum.

· Fewer options to reduce testing. If device supports many options then testing becomes much more complex, especially when different infra-vendors support different set of options.

· Over the radio interface software update kept to minimum due to limited power source and system bandwidth. This means software implementation needs to be right before devices are deployed. 

Proposal 3: Keep functionality and number of options to minimum to keep NB-IoT UE complexity low.

It has been proposed in the past that a NB-IoT network can broadcast if it supports small data optimised core network (aka. S1lite) in additional to normal S1 based core network. This means NB-IoT UE’s required to support two kind of core network interfaces. In theory this seems like a good idea to allow faster deployment of NB-IoT service. In practice this increases NB-IoT UE implementation complexity hence increases testing requirements. Therefore, it is not desirable for NB-IoT UE to support two type of core network interfaces. But this does not restrict eMTC UEs or normal UEs from supporting two kind of core network interfaces.  

Proposal 4: NB-IoT UE should only support small data optimised core network.

5 Summary
This document describes the high level requirements for NB-IoT system based on the requirements set for the 3GPP GERAN study. It is proposed 3GPP RAN WGs discuss and complete these requirements for guardband and in-band operations so that corresponding evaluation methodologies can be agreed.
Proposal 1: RAN WG asked to review, complete (where necessary) and endorse these requirements to allow for design and evaluation to proceed.

This document also considers the implications of the NB-IoT requirements on the NB-IoT system and UE.  A comparative analysis of NB-IoT system and UE with normal 3GPP system and UE is provided, highlighting the key differences and unique challenges for NB-IoT systems and UE. The following proposals are put forward for the group to discuss and endorse.

Proposal 2: Extreme care needed to ensure only the required information is sent on the downlink. This applies to the number of different information elements and the range of values for a given information element.
Proposal 3: Keep functionality and number of options to minimum to keep NB-IoT UE complexity low.

Proposal 4: NB-IoT UE should only support small data optimised core network.
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