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Conclusion on NB-LTE candidate technique for SI “Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things”
[bookmark: _GoBack]Introduction
A study item on “Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things” was started at GERAN#62, [1]. The study allows both for an evolution of GSM, to comply with the objectives of the study, and non-backwards compatible solutions by a new system design.
[bookmark: _Ref384735646]This document summarizes the outcome of the study for the proposed candidate technique Narrowband LTE (NB-LTE), which is non-backwards compatible to GSM and hence belongs to the “Clean Slate” concepts. 
NB-LTE candidate technique
The NB-LTE concept relies to a large extent on re-using existing design principles of LTE (E-UTRA) and only changes them when necessary to comply with the study item objectives. As such, the pursuit of these objectives has resulted in changes to LTE in the following areas:
· Support for a carrier bandwidth of as little as 180 kHz while maintaining the LTE DL numerology and reducing the UL subcarrier spacing
· Support of PUSCH fine granular resource allocation of a single subcarrier
· Revised PSS/SSS for 180 kHz signal bandwidth
· Revised PRACH for making total PRACH signal bandwidth to be less than 180 kHz
· Introduction of coverage classes, and procedures to support the same (e.g. Support of a time-domain bundling scheme for uplink and downlink shared channels)
· Remove certain LTE physical channels that are not needed for NB-LTE (e.g. PCFICH, PHICH, PUCCH)
· New resource element assignments for downlink physical channels and signals
Evaluation of, and compliance to, study objectives and deployment scenarios
The objectives of the study were to satisfy or exceed the following capabilities:
· Provide a data rate of at least 160 bps (on both the uplink and downlink) at the (equivalent of) the SAP to the SNDCP layer with the aim of achieving an extended coverage of 20 dB compared to legacy GPRS (Non EGPRS).
· Scale to support a massive number of MTC Mobile Stations.
· Reduce power consumption of MTC Mobile Stations compared with legacy GPRS (non EGPRS) so that they can have up to ten years battery life with battery capacity of 5 Watt-hours, even in locations with adverse coverage conditions where up to 20 dB extension might be needed.
· Maximize the reduction in complexity of the Mobile Termination compared to that of a legacy GPRS (non EGPRS) MT.
· Avoid negative impacts to legacy GSM/WCDMA/LTE system(s) deployed in the same frequency band and adhere to the regulatory requirements applying to the spectrum bands in which the system operates.
· Minimize impacts to the GPRS/EDGE base station hardware.
· Identify Core Network Architecture, security framework and Radio Access Network-Core Network interface (e.g. S1 or Gb), and associated protocol stacks, suitable for the M2M market in the 2017 and onwards timeframe.
One deployment scenario for Clean Slate technologies is further to:
· Use of small amounts of licensed spectrum
· Comply with operating with a cell size of at least 35 km
· Be deployable on MSR capable hardware
[bookmark: _Ref419710373]Performance objectives
NB-LTE Fulfillment of Performance Objectives
This section discusses the performance objectives formulated in the TR based on the study objectives, and concludes on the compliance of the NB-LTE candidate technique to each objective.
Improved indoor coverage
Objective
“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) layer.”
Fulfillment of objective
This objective is evaluated in Section 7.4.6 “Concept evaluation” of the TR [2], with an evaluation of the cell search and network synchronization in 7.4.6.1.1, random access and uplink ToA estimation in 7.4.6.2, and an evaluation of the coverage improvement target according to MCL methodology in 7.4.6.1.3 and 7.4.6.1.4.
The performance evaluations show that NB-LTE achieves the maximum coupling loss (MCL) aimed at by the study, 164 dB, for the channels (e.g. M-PBCH, M-PDSCH, M-PDCCH, M-EPDCCH, and M-PUSCH) and physical layer procedures (cell search, synchronization, PRACH detection) applicable to the agreed methodology.
Furthermore at 164 dB MCL, the downlink and uplink data channels, i.e. M-PDSCH and M-PUSCH, achieve data rates above SNDCP of 3.1 kbps and 354 bps, respectively. These are much higher than the required throughout of 160 bps on top of SNDCP.
This evaluation demonstrates that NB-LTE satisfies this objective.
Support of massive number of low throughput devices
Objective
“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.”
Fulfillment of objective
The random access channel is evaluated in [13] showing ability to handle the RA attempts caused by the proposed traffic models. With 120 ms RACH period, 102 random access per second can be supported with 1% collision probability.
The data channel capacity is evaluated in subclause 7.4.6.2. It is found that NB-LTE achieves very high single-cell capacity (>500K UEs per sector) with reuse factor 1/3 based on the traffic model described in Annex D.
Although these simulations did not follow all agreed common assumptions, it provides an indication that the objective of a scalable system that supports a massive number of devices is expected to be fulfilled.
Hence, this evaluation demonstrates that NB-LTE is expected to satisfy this objective.
Reduced complexity
Objective
“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.”
Fulfillment of objective
This objective is evaluated in GP-150699. It is concluded that the module cost and complexity between NB-CIoT and NB-LTE is expected to be similar with the possibility that the NB-LTE could be less depending on stack NRE amortization.
This evaluation demonstrates that NB-LTE satisfies this objective.

Improved power efficiency
Objective
“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.”
Fulfillment of objective
An evaluation of this objective is provided in [12] for 23 dBm MS output power. The evaluation follows the methodology described in subsection 5.4. 
[bookmark: _Ref416647023]The estimated lifetime in years is presented for two different packet sizes, two reporting intervals and at different coverage. It can be seen that NB-LTE reaches the battery target of 10 years for almost all evaluation points, i.e. except for “GPRS reference cases + 20 dB with more frequent reporting” and “GPRS reference cases + 10 dB with more frequent reporting and larger packet size”.
Table  7.4.6.4-10 Estimated battery lifetime in years
	Packet size, reporting interval
	Coupling Loss = 
 144 dB
	Coupling Loss = 
154 dB
	Coupling Loss = 
164 dB

	50 bytes, 2 hours
	19.8
	10.0
	3.0

	200 bytes, 2 hours
	17.9
	5.4
	1.3

	50 bytes, 1 day
	35.3
	30.8
	19.1

	200 bytes, 1 day
	34.8
	25.4
	11.5




These evaluations demonstrate that NB-LTE satisfies this objective by enabling ten years battery life for sending 200 bytes data per day even in locations where up to 20 dB coverage extension over legacy GPRS is needed.
Latency
Objective
“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 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.”
Fulfillment of objective
An evaluation of this objective is included in section 7.4.6.2 of the TR [2]. It is there shown that NB-LTE can meet the 10 second latency target of delivering an exception report (see Table 1 and Table 2 below) and hence the latency objective is satisfied.

[bookmark: _Ref421707235]Table 1 Exception report latency versus coverage condition, case 1
	Coverage condition
	Exception report latency, 90% confidence (sec)
	Exception report latency, 99% confidence (sec)

	GPRS reference MCL
	0.84
	1.09

	GPRS reference MCL + 10 dB
	1.32
	1.94

	GPRS reference MCL + 20 dB
	3.71
	5.94



[bookmark: _Ref421707253]Table 2 Exception report latency versus coverage condition, case 2
	Coverage condition
	Exception report latency, 90% confidence (sec)
	Exception report latency, 99% confidence (sec)

	GPRS reference MCL
	1.09
	1.35

	GPRS reference MCL + 10 dB
	1.94
	2.56

	GPRS reference MCL + 20 dB
	5.94
	8.18



[bookmark: _Ref308967256][bookmark: _Ref419710386]Compatibility objectives
Fulfillment of Compatibility Objectives
This section discusses the compatibility objectives formulated in the TR based on the study objectives, and concludes on the compliance of the NB-LTE candidate technique to each objective.
Co-existence
Objective
“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.”
Fulfillment of objective
NB-LTE maintains the numerology of LTE at least for the downlink. Furthermore, it is based on the same CRS structure. Hence, the NB-LTE carrier will coexist with legacy systems GSM/WCDMA/LTE just as LTE today. In the uplink NB-LTE uses a reduced subcarrier spacing as compared to LTE. LTE since its introduction already has two different subcarrier spacings in the uplink, one for PUSCH and one for PRACH. Thus, we do not expect the reduced NB-LTE uplink subcarrier spacing to create a new coexistence issue. It is further foreseen that NB LTE, just as NB CIoT, will be able to provide sufficient ACLR and ACS to operate in co-existence with GSM, WCDMA and together with LTE. Hence, the objective on co-existence is expected to be fulfilled.
Implementation impact to base stations
Objective
“Impacts to the GPRS/EDGE base station hardware should be minimized.”
Fulfillment of objective
NB-LTE is primarily targeted to be deployable on LTE and Multi Standard Radio (MSR) base stations. Deployment on legacy GSM/EDGE base stations is dependent on the capabilities of the base station.
The compliance to the objective is inconclusive/FFS.
Implementation impact to mobile station
Objective
“Mobile stations for Cellular IoT need not be compatible with legacy GPRS networks.”
Fulfillment of objective
The intention of this “objective” is not clear. However, NB-LTE is a non-backwards compatible option to GSM and hence will not be compatible with legacy GPRS networks. As such this objective can be considered to be fulfilled. 
[bookmark: _Ref420145191]Compliance with objectives – Summary
The following modifications to tables 9.1-1 and 9.1-2 are to be added to sub-clause 9.1 of 3GPP TR 45.820, [2]. They capture the status of NB-LTE regarding the compliance of the objectives as discussed above.

Table 9.1-1 Summary of compliance with performance objectives.
	Performance
Objective
	Candidate technique

	
	NB-LTE
	Candidate technique n+1

	Improved indoor coverage 
(see  4.1.1)
	Compliant
	

	Support of massive number of low throughput devices 
(see  4.1.2)
	Expected to be fulfilled
	

	Reduced device complexity 
(see  4.1.3)
	Compliant
	

	Improved power efficiency 
(see  4.1.4)
	Compliant
	

	Latency 
(see  4.1.5)
	Compliant
	



Table 9.1-2 Summary of compliance with compatibility objectives.
	Compatibility
Objective
	Candidate technique

	
	NB-LTE
	Candidate technique n+1

	Co-existence with GSM/UMTS/LTE 
(see  4.2.1)
	Expected to be fulfilled
	

	Impact on GSM/EDGE BTS hardware 
(see  4.2.2)
	Inconclusive/FFS
	

	Impact on MS 
(see  4.2.3)
	Compliant
	



	Colour code

	Compliant 
	Expected to be fulfilled
	Inconclusive/FFS
	Not compliant


Guidance: For “Expected to be fulfilled” and “Inconclusive/FFS” additional explanation is expected to be provided in the above tables.

Conclusions of the study
The evaluation of the solution indicates that it fulfils, or is expected to fulfil, all the objectives of the study with one exception for the impact on legacy GSM/EDGE BTS hardware:
-	The performance evaluations show that NB-LTE achieves the maximum coupling loss (MCL) aimed at by the study, 164 dB, with an output power level of the device at 23 dBm.
-	The use of OFDM based schemes for uplink and downlink ensures efficient use of radio resources where a cyclic prefix, instead of guard bands, secures orthogonality between and tight packing of subcarriers. Furthermore, it is envisaged that full frequency re-use can be supported by the technology. Indications of system capacity have been provided based on simulations. It has also been shown that the random access preamble capacity can easily cater for the load, i.e. arrival rate, generated according to the specified traffic model. Although these simulations did not follow all agreed common assumptions, it provides an indication that the objective of a scalable system that supports a massive number of devices is expected to be fulfilled.	
-	An analysis of the expected die size [9.1-1] indicates a silicon area on par with the die size expected for NB CIoT and smaller than the GPRS references presented in section 7.3.6.5.4. The latter is facilitated e.g. by the possible integration of the 23 dBm PA onto the SoC. The objective on overall reduced device complexity is therefore considered fulfilled.
-	NB-LTE reaches or exceeds the battery target of 10 years for almost all evaluation points, i.e. except for “GPRS reference cases +20 dB with more frequent reporting” and “GPRS reference cases +10 dB with more frequent reporting and larger packet size”.
-	NB-LTE maintains the numerology of LTE for the downlink and is based on the same CRS structure. Hence, the NB-LTE carrier will coexist with legacy systems GSM/WCDMA/LTE just as LTE today. In the uplink NB-LTE uses a reduced subcarrier spacing as compared to LTE. LTE since its introduction already has two different subcarrier spacings in the uplink, one for PUSCH and one for PRACH. Thus, we do not expect the reduced NB-LTE uplink subcarrier spacing to create a new coexistence issue. It is further foreseen that NB LTE, just as NB CIoT, will be able to provide sufficient ACLR and ACS to operate in co-existence with GSM, WCDMA and together with LTE. 
-	The NB-LTE solution can meet the 10 second latency target of delivering an exception report for the different investigated coverage conditions.
-	The commonalities of NB-LTE with existing LTE are considered as a great advantage in terms of standardization effort, in product development, in inter-operability tests, in product compliance certification, and in system operation and management. These factors will reduce the overall costs of deploying and maintaining a NB-LTE system as well as the time to make the solution globally available. 
-	NB LTE is primarily targeted to be deployable on LTE and Multi Standard Radio (MSR) base stations. Deployment on legacy GSM/EDGE-only base stations is dependent on the capabilities of the base station.
-	In terms of deployment scenarios, NB-LTE well exceeds the required cell radius requirement on 35 km by supporting a cell size of 60 km. Also, considering the design commonalities with LTE, and the very limited bandwidth operation compared to current LTE deployment NB-LTE will be deployable on MSR capable hardware.
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