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Conclusion on EC-GSM candidate technique for SI “Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things” (revision of GPC150569)
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 EC-GSM, which is based on evolution of the GSM radio technology.
This document is a revision of GPC150569, with updates marked in red.
EC-GSM candidate technique
The EC-GSM concept relies to a large extent on re-using existing design principles in GSM, including the use of the Gb interface between the Radio Network and the Core Network, and only changing them when necessary to comply with the study item objectives. As such, the pursuit of these objectives has resulted in changes to legacy GSM principles in the following areas:
· Introduction of new Extended Coverage logical channels with associated messages, procedures and radio block formats
· Support for new training sequences on the EC-RACH and the EC-SCH
· Introduction of new RLC/MAC procedures and headers, such as a Fixed Uplink Allocation, for support of data transfers
· Introduction of (a) new MS output power class(es)
· Support for overlaid CDMA codes in the uplink
· Introduction of coverage classes, and procedures to support the same
· Coherent phase requirement between blind repetitions to enable co-phase combining of received samples
Evaluation of, and compliance to, study objectives
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.
· Maximise 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.
· Minimise 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.
[bookmark: _Ref419710373]Performance objectives
EC-GSM 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 EC-GSM 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 6.2.6 of the TR [2], “Concept evaluation”, with an evaluation of the network synchronization in 6.2.6.1 and an evaluation of the coverage improvement target according to MCL methodology in 6.2.6.9.
The performance evaluations show that EC-GSM achieves the maximum coupling loss (MCL) aimed at by the study, 164 dB, for the logical channels applicable to the agreed methodology, if the current output power level of the device is kept as today, i.e. at 33 dBm. In case a 23 dBm device output power is used, the UL coverage on the data traffic channel is limited to 154 dB.
The random access channel is evaluated in [4] showing a low number of failed system access attempts (<0.12%) for the random access procedure, at the targeted building penetration loss scenario, for both 33 dBm devices 23 dBm devices.
This evaluation demonstrates that EC-GSM 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
Evaluations of this objective have been evaluated in [5] (EC-PDTCH capacity) and [4] (EC-RACH capacity), including system simulations for the EC-GSM candidate technique. 
It has there been shown that only 1.7 EC-PDTCH UL timeslots are needed in average to support the CIoT traffic scenario with more than 50,000 devices per cell on a 12-reuse BCCH layer, for MS output power class 23 dBm and the worst BPL scenario. For the same traffic scenario with MS output power class 33 dBm and the worst BPL scenario only 0.9 EC-PDTCH UL timeslots are needed. In all simulated scenarios the failure rate is below 1.5 %. The link performance methodology used in the system simulations is described in [9], showing that it is consistent with real link simulations for both sensitivity and interference and combinations thereof. This is shown both for uplink and downlink as well as with and without blind repetitions.
It has been shown that the random access procedure can well be catered for by the EC-GSM design with a low number (<0.12%) of failed system access attempts, and with a limited resource utilization, around 1-1.5 bursts for 33 dBm devices and 2-3.5 bursts for 23 dBm devices per system access attempt. These figures are valid both for the Access burst based access and Normal burst based access and have also taken interference from legacy  CS users as well as sub-optimum cell and coverage class selection into account. 
This evaluation demonstrates that EC-GSM satisfies 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
Evaluations of the objective have been presented in [6], [13] and [13], and the analysis provided have been converged to an estimation of device complexity sourced by the three contributing device manufacturers in [15] and [16]. In the analysis the modem silicon reduction is estimated to 15-20%.  The protocol stack reduction is estimated to be around 35-40%. In this analysis the reduction due to RF optimization, for example the use of single band product, and integrated PA solution due to lower output power class, has not been quantified but is expected to provide further reduction in complexity, depending on the implementation.
In addition, the analysis in [15] and [16] sourced by three device manufacturers estimates that the implementation of EC-GSM could be applied on current GPRS/EGPRS hardware to allow quick time to market, although it is noted that this might not be the case for all legacy GPRS implementations, due to for example the introduction of coherent transmission and reception, which is not required by the standard today. 
These evaluations demonstrate that EC-GSM satisfies the objective of reduced complexity.

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 included in sections 6.2.6.6.8 and 6.2.6.6.9 of the TR [2], for the 33 dBm and 23 dBm MS output power classes respectively. Calculations using Access Burst based access, as well as updates to the calculations when using Normal Burst access, are included in [10]. The battery lifetime results for the different evaluation points for the 33 dBm and 23 dBm output power classes, when using Normal Burst access, can be seen in Table 1 and Table 2 respectively. The corresponding battery lifetime results when using Access Burst access can be seen in Table 3 and Table 4 respectively.
The evaluations show that for the 33 dBm output power class EC-GSM reaches the battery target of 10 years for most evaluation points, except for GPRS reference cases +20 dB with more frequent reporting, or with packet size of 200 byte, and GPRS reference cases +10 dB with packet size of 200 byte and more frequent reporting. For these cases EC-GSM reach a battery lifetime between 1.1 and 9.9 years respectively.
Similarly, for the 23 dBm output power class, EC-GSM reaches the battery target of 10 years for almost all evaluation points except for the GPRS reference cases +10 dB with more frequent reporting and a packet size of 200 byte.  For this case EC-GSM reach a battery lifetime of 6.1 years.
[bookmark: _Ref419903328]Table 1, Battery lifetime in years, 33 dBm, Normal Burst access
	Packet size, reporting interval
	GPRS reference MCL + 0 dB
	GPRS reference MCL +10 dB
	GPRS reference MCL +20 dB

	50 bytes, 2 hours
	17.6
	14.1
	2.8

	200bytes, 2 hours
	12.9
	8.6
	1.2

	50 bytes, 1 day
	34.7
	33.4
	18.7

	200 bytes, 1 day
	32.8
	29.7
	10.9



[bookmark: _Ref419903331]Table 2, Battery lifetime in years, 23 dBm, Normal Burst access
	Packet size, reporting interval
	GPRS reference MCL +0dB
	GPRS reference MCL +10 dB

	50 bytes, 2 hours
	24
	11.1

	200bytes, 2 hours
	21.1
	6.5

	50 bytes, 1 day
	36.3
	31.6

	200 bytes, 1 day
	35.7
	27.2




[bookmark: _Ref422816555]Table 3, Battery lifetime in years, 33 dBm, Access Burst access
	Packet size, reporting interval
	GPRS reference MCL + 0 dB
	GPRS reference MCL +10 dB
	GPRS reference MCL +20 dB

	50 bytes, 2 hours
	16,8
	12.9
	2.4

	200bytes, 2 hours
	12
	7.7
	1.1

	50 bytes, 1 day
	34,4
	32.8
	16.9

	200 bytes, 1 day
	32,3
	28.7
	9.9




[bookmark: _Ref422816560]Table 4, Battery lifetime in years, 23 dBm, Access Burst access
	Packet size, reporting interval
	GPRS reference MCL +0dB
	GPRS reference MCL +10 dB

	50 bytes, 2 hours
	23.8
	10.8

	200bytes, 2 hours
	20.5
	6.1

	50 bytes, 1 day
	36.2
	31.5

	200 bytes, 1 day
	35.5
	26.5



These evaluations demonstrate that EC-GSM satisfies this objective.
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 6.2.6.10 of the TR [2], for the 33 dBm and 23 dBm MS output power classes respectively when using Normal Burst Access. Evaluations using Access Burst based access are added in [7]. It is there shown that the EC-GSM concept can meet the 10 second latency target of delivering an exception report both at 33 and 23 dBm output power, see Table 5 and Table 6 below.

[bookmark: _Ref421707235]Table 5 Exception report latency versus coverage condition with device output power of 33 dBm using AB access
	Coverage condition
	Exception report latency (sec)

	GPRS reference MCL
	0.45

	GPRS reference MCL + 10 dB
	1.3

	GPRS reference MCL + 20 dB
	5.64



[bookmark: _Ref421707253]Table 6 Exception report latency versus coverage condition with device output power of 23 dBm using AB access
	Coverage condition
	Exception report latency (sec)

	GPRS reference MCL
	0.92

	GPRS reference MCL + 10 dB
	3.3



[bookmark: _Ref308967256][bookmark: _Ref419710386]Compatibility objectives
EC-GSM 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 EC-GSM 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
Co-existence with existing systems is ensured by using the GSM physical layer and there will be no regulatory impact on bodies outside of GERAN.
Although not part of the objective on negative impact to legacy GSM/WCDMA/LTE systems, the opposite has been investigated i.e. the impact to EC-GSM from legacy GSM, WCDMA and LTE has been evaluated in [14] and [15], using static snap-shot simulator with separate frequency deployment of the victim and aggressor systems, where EC-GSM and GSM, WCDMA or LTE  devices share the same spectrum. From the snap-shot simulations an outage increase in the uncoordinated deployment of 0-1 percentage points is observed, depending on the aggressor system, link direction, inter-site distance, frequency re-use and system load assumed in EC-GSM.
Furthermore, dynamic system simulations have been carried out in a mix of EC-GSM and legacy GSM devices where legacy devices are not subject to the additional building penetration loss assumed for EC-GSM devices [4]. Being interfered by legacy devices is a potential source of additional interference in the GSM system for EC-GSM devices. From these investigations it can be concluded that EC-GSM can be supported, and deployed together with regular GSM traffic.
In addition, the new EC-GSM broadcast and common control channels (EC-BCCH, EC-SCH, EC-RACH, EC-AGCH and EC-PCH) are placed on a different timeslot (TS1) compared to the corresponding channels for legacy GSM (TS0). An option to avoid that a legacy mobile station interprets the information on the EC-SCH as belonging to the legacy SCH is to use a new training sequence for the EC-SCH.
Implementation impact to base stations
Objective
“Impacts to the GPRS/EDGE base station hardware should be minimized.”
Fulfillment of objective
There will be no impact on existing GSM radio units resulting from the EC-GSM functionality since the physical layer is completely transparent for the radio units (RUs).
Section 6.2.1.2.1 in the TR [2] contains evaluations showing that EC-GSM can be deployed on existing GSM/EDGE BTSs with minimal impact.
These evaluations demonstrate that EC-GSM satisfies this objective.
Implementation impact to mobile station
Objective
“Mobile stations for Cellular IoT need not be compatible with legacy GPRS networks.”
Fulfillment of objective
It is the understanding of the sourcing company that this objective mainly is related to security requirements effectively implying that it would be possible to impose a minimum set of security requirements on Cellular IoT devices.  In fact, this principle has already been adopted in the on-going SA3 study item on “Study on EGPRS Access Security Enhancements with relation to cellular IoT” [8] where, in section 6.1.6, it is stated that CIoT devices are not assumed to interwork with legacy SGSNs.
In other words, EC-GSM devices will comply with this objective. 
[bookmark: _Ref420145191]Compliance with objectives – Summary
The following modifications to tables 9.1-1 and 9.1-2 in sub-clause 9.1 of 3GPP TR 45.820, [2] are proposed for capturing the status of EC-GSM regarding the compliance of the objectives (as discussed in sections 4 and 5).
Table 9.1-1 Summary of compliance with performance objectives.
	Performance
Objective
	Candidate technique

	
	EC-GSM
	Candidate technique n+1

	Improved indoor coverage 
(see  4.1.1)
	Compliant
	

	Support of massive number of low throughput devices 
(see  4.1.2)
	Compliant
	

	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

	
	EC-GSM
	Candidate technique n+1

	Co-existence with GSM/UMTS/LTE 
(see  4.2.1)
	Compliant
	

	Impact on GSM/EDGE BTS hardware 
(see  4.2.2)
	Compliant
	

	Impact on MS 
(see  4.2.3)
	Compliant
	


The non-security related architecture requirements are fulfilled for the EC-GSM solution since the Gb based architecture (with associated protocols) has been selected for GERAN evolution options. As indicated in section 8.1.2 of the TR[2], security related aspects are within the responsibility of 3GPP SA WG3. 

	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
Based on the above analysis it is proposed to update tables 9.1-1 and 9.1-2 in the TR 45.820 [2], with the conclusions for EC-GSM as described in section 6.  It is also proposed to add the below conclusion for the GERAN Evolution solution EC-GSM to the Conclusions section (of the TR 45.820). A pCR with the proposed additions can be found in [11].
“One of the candidate techniques that has been proposed for the FS_IoT_LC study is the GERAN Evolution solution Extended Coverage GSM (EC-GSM). The evaluation of the EC-GSM solution indicates that it fulfils the objectives of the study:
· The performance evaluations show that EC-GSM achieves the maximum coupling loss (MCL) aimed at by the study, 164 dB, with an output power level of the device at 33 dBm. In case a 23 dBm device output power is used, the UL coverage on the data traffic channel is limited to 154 dB.

· It has been shown that a massive number of low throughput devices can be supported by the EC-GSM technique.
· Only 1.7 EC-PDTCH UL timeslots are needed on average per cell to support the CIoT traffic scenario with more than 50,000 devices per cell on a 12-reuse BCCH layer, for MS output power class 23 dBm and the worst BPL scenario. For the same traffic scenario with MS output power class 33 dBm and the worst BPL scenario only 0.9 EC-PDTCH UL timeslots are needed. In all simulated scenarios the failure rate is below 1.5 %.
· The random access procedure can well be catered for by the EC-GSM design with a low number (<0.12%) of failed system access attempts, and with a limited resource utilization, around 1-1.5 bursts for 33 dBm devices and 2-3.5 bursts for 23 dBm devices per system access attempt. These figures are valid both for the Access burst based access and Normal burst based access and have also taken interference from legacy  CS users as well as sub-optimum cell and coverage class selection into account. 

· The device complexity can be reduced with significant memory reduction and possibility to adopt general downsizing. A modem silicon area reduction of around 15-20 % has been estimated for EC-GSM compared to legacy GPRS SoC, and 35-40% reduction in protocol stack memory requirements. A lower output power class is introduced to enable integration of the PA onto the chip. In addition, EC-GSM enables a limited development cost due to the possibility to re-use existing components (hardware, software and test equipment).

· The improved power efficiency objective is fulfilled with the battery target of 10 years, for the 33 dBm output power class, being reached for most evaluation points, except for GPRS reference cases +20 dB with more frequent reporting, or with packet size of 200 byte, and GPRS reference cases +10 dB with packet size of 200 byte and more frequent reporting. For the 23 dBm output power class, EC-GSM reaches the battery target of 10 years for all evaluation points except for the GPRS reference cases +10 dB with more frequent reporting and a packet size of 200 byte.

· EC-GSM fulfills the Co-existence objective by using the GSM physical layer. No regulatory impact on bodies outside of GERAN will thus be needed for EC-GSM. In addition, in coexistence studies on impacts to EC-GSM from legacy GSM, WCDMA and LTE negligible impacts are seen on the victim EC-GSM. In the uncoordinated deployment, an outage increase of 0-1 percentage points is observed, depending on the aggressor system, link direction, inter-site distance, frequency re-use and system load assumed in EC-GSM.

· The objective concerning the impact to base stations is fulfilled by the EC-GSM solution since there will be no impact on existing GSM radio units and EC-GSM can be deployed using software updates of existing digital units.

· With the EC-GSM technology the devices can be deployed in legacy GPRS networks with full multiplexing of traffic channels. A clear benefit of EC-GSM is also that it fulfils being compatible with GPRS networks with no segregation of resources for traffic channels.

· The EC-GSM solution can meet the 10 second latency target of delivering an exception report both at 33 and 23 dBm output power for the different investigated coverage conditions.”

· The non-security related architecture requirements are fulfilled for the EC-GSM solution since the Gb based architecture (with associated protocols) has been selected for GERAN evolution options. The security related aspects are within the responsibility of 3GPP SA WG3

· [bookmark: _GoBack]For the deployment options listed in Annex A, it has been shown, in addition to the objectives listed above that EC-GSM fulfils the current maximum cell radius in GSM of 35 km. The same random access procedure for determining timing advance is used, and the accuracy has been shown to fulfil the current requirements, see TR subclause 6.2.6.2.1.4. The deployment scenario on supporting mobility of up to 30 km/h for normal GPRS coverage has shown to be exceeded by also in this case supporting 20 dB extended coverage in terms of physical layer performance, see TR subclause 6.2.6.9.
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