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1. [bookmark: _Ref395176429]Introduction
In RAN#69, a new work item on Narrow Band Internet of Things (NB-IOT) was approved in RP-151621 [1]. In the objectives of the work item description, 
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
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 the feasibility of meeting relevant requirements while achieving commonality.
On 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.
· 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
[bookmark: _Ref418671423]This document outlines Vodafone’s view on updating objectives of GERAN TR 45.820 to NB IOT PHY evaluations.  
2. Requirements
All 3 modes of operations (Stand-alone, Guard band, In-band) are expected to meet the objectives and deployment scenarios below that are slightly updated from those in TR 45.820.

[bookmark: _Toc427827350]4	Objectives
[bookmark: _Toc427827351]4.1	Performance objectives
[bookmark: _Toc427827352]4.1.1	Improved indoor coverage
A number of applications require deployment of Machine Type Communication (MTC) devices indoor, e.g. in an apartment basement, or on indoor equipment that may be close to the ground floor etc. This effectively means that indoor coverage should be readily available and reliable. It should be possible to achieve an extended coverage of 20 dB compared to commercially available legacy GPRS (Non EGPRS) devices. The assumption of the MCL for legacy GPRS (Non EGPRS) is 144,0 dB (see Annex B). The extended coverage should allow delivery of a data rate of at least 160 bps on both the uplink and downlink at the (equivalent of) the Service Access Point (SAP) to the equivalent SubNetwork Dependent Convergence Protocol (SNDCP)Packet Data Convergence Protocol (PDCP) layer.
NOTE:	The implications of supporting software upgrades for MTC devices at 160 bps should be investigated.
[bookmark: _Toc427827353]4.1.2	Support of massive number of low throughput devices
A system that can support a large number of devices, each generating a small amount of data is required. At cell level, it is expected that each household in a cell may have up to 40 MTC devices and the household density per cell is according to the assumptions in Annex A of TR 36.888 [3]. The resulting MTC device density per cell is provided in Annex E of TR 45.820 [2]. 
[bookmark: _Toc427827354]4.1.3	Reduced complexity
M2M applications require devices that are very cheap (so that they can be deployed on a mass scale or in a disposable manner). The study should take into consideration that MTC devices have very limited throughput requirement and may not need to support circuit switched services to develop techniques that can significantly reduce complexity and hence cost. 
[bookmark: _Toc427827355]4.1.4	Improved power efficiency
The power consumption of MTC devices compared with legacy GPRS (non EGPRS) should be reduced so that they can have up to ten years battery life with battery capacity of 5 Wh (Watt-hours), even in locations with adverse coverage conditions, where up to 20 dB coverage  extension over legacy GPRS might be needed. 
[bookmark: _Toc427827356]4.1.5	Latency
M2M devices may in general support relaxed delay characteristics, and this may be taken into account when evaluating e.g. system capacity. 
Certain applications (e.g. alarms) may however require a reasonably strict delay profile. For devices supporting such applications a delay requirement of 10 see 1 seconds is appropriate for the uplink when measured from the application ‘trigger event’ to the packet being ready for transmission from the base station towards the core network.
1 	While an MTC application may well optimise the encoding of its data, the data is likely to be contained in an IPv6 packet using UDP and potentially another protocol layer which is then protected by some form of IPSec. As a result, the minimum SDU size at the top of the  PDCP layer is likely to be 80 octets. When coupled with a 10 second latency objective for ‘alarms’. and allowing 6 seconds for the UE’s synchronization, detection of the previously used cell, and access procedures, this leaves 4 seconds for the data transfer phase, giving a requirement for 160 bps at the PDCP Service Access Point. Any PDCP, RLC, MAC and channel coding may increase the required radio interface data rate. 

Editor’s note: the above text comes from the current SID of FS_IoT_LC  GP-150354 [4].	
[bookmark: _Toc427827357]4.2	Compatibility objectives
[bookmark: _Toc427827358]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.
[bookmark: _Toc427827359]4.2.2	Implementation impact to base stations
Impacts to the GPRS/EDGE base station hardware should be minimized. 
Baseband Unit (BBU): Impacts on LTE baseband digital unit should be minimal. NB IoT technology should be able to be remotely loaded on the existing BBU infrastructure.
Radio Remote Unit (RRU): Maximum re-use of existing equipment, including antennas and feeder cables, etc. is required. For frequency bands supporting GSM, the assumption is that the RRU complies with Multi Standard Radio specifications; for other bands the assumption is that the RRU complies to the E-UTRA specifications.
[bookmark: _Toc427827360]4.2.3	Implementation impact to mobile station
UEsMobile stations for Cellular NB IoT need not be compatible with legacy GPRS networks.
UEs for NB IoT need not be compatible with legacy EUTRA networks.

[bookmark: _Toc427827462]Annex A: Deployment scenarios for NBCellular IoT

	Scenario
	Description

	Deep coverage (in building)
	Cellular NB IoT devices are typically expected to be deployed indoor, with some devices in basements or underground or embedded in objects, where they may be subjected to deep penetration losses (up to 20 dB more than legacy GPRS). 


	 Extended geographic coverage
	When the Maximum Coupling Loss is not exceeded, it is required that Cellular NB IoT can support a cell radius of 35 km.
Operation at values of cell radius >35 km according to the Maximum Coupling Loss is desirable but a secondary objective.

	
Mobility
	The majority of cellular NB IoT devices will be stationary. Cellular NB IoT is expected to be designed and optimized for stationary devices.
The performance requirements and methodology for performance evaluation for stationary and non-stationary scenarios are summarized in the following table. 
	
	20 dB extra-coverage
	160 bps data rate
	10-year battery life
	system capacity evaluation

	Stationary CIoT NB IoT devices5
	Yes
	Yes
	Yes
	Yes

	Non-stationary (up to 30 km/h) CIoT NB IoT devices
	No1
  
	Yes2
	No3
	No

	Non-stationary (higher than 30 km/h) CIoT NB IoT devices
	No1
	No4
	No
	No


1GPRS coverage requirements apply
[bookmark: _GoBack]2Performance evaluated with link level simulations
3Battery life analysis is required
4Link level simulations may be provided by proponents to indicate actual performance at high speeds.
5Modelled by radio channel TU1.2 and Doppler spread 1 Hz

	Re-use of existing infrastructure
	It is expected that the Cellular IoT technology is at least deployable on existing radio access sites based on:
· 3GPP GSM/EDGE multicarrier Base Stations
· Multi Standard Radio Base Station, which may or may not support GSM/EDGE operation specifications.
The re-use of existing equipment, such as antennas, feeder cables etc.-is required and the Cellular IoT technology can preferably be introduced as a software load on  the above mentioned existing radio access nodes.
It is expected that the Cellular IoT technology is deployable on an existing core network (e.g. re-using CN nodes and interfaces according to the selected CIoT architecture).

	Use of small amounts of licensed spectrum
	It is expected that an initial release of a 'clean slate' Cellular NB IoT technology is deployable in small amounts of licensed spectrum which may be available by (re)using GSM carriers, small unused parts of licensed spectrum for UMTS and small parts of licensed spectrum for LTE.	
Editor's Note: RAN 4 need to be consulted on the deployment options in UMTS/ LTE spectrum.

	Spectrum sharing with GSM
	For stand-alone mode:
Deployment of Cellular IoT based on a GERAN evolution approach is expected to share spectrum with an existing GSM network. It is expected that Cellular NB IoT based on a 'clean slate' solution will not have to share any 200 kHz channel with GSM.



3	Summary
This document presented Vodafone’s view on updating objectives of GERAN TR 45.820 to NB IOT PHY evaluations. 
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