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[bookmark: _Toc459300279]1	Introduction

[bookmark: _Toc459300293][bookmark: _Toc421882698][Editorial note: No changes until Section 7]

7	Wireless standards for smart grid telecommunications

[Editorial note: No changes until Section 7.2]

[bookmark: _Toc459300295]7.2	WAN/NAN/FAN

The WAN/NAN/FAN communication networks share the need to carry data over relatively long distances (neighborhoods, cities) to operation centers. These networks can directly service the end node or serve as a backhaul. The type of solution that is selected depends on many considerations, some of which are:

–	Link distance

–	Availability of right of way (for cabled solutions)

–	Link capacity

–	Non-mains powered devices

–	Availability

–	Reliability

–	Regulated (e.g. licensable) versus unregulated (e.g. license exempt) spectrum.

The IEEE 802 LAN/MAN standards committee has developed several wireless standards that are being used to support Smart Grid applications.

These solutions include:

–	Wireless standards that support point-to-multipoint wireless

•	IEEE 802.11

•	IEEE 802.16

•	IEEE 802.20

•	IEEE 802.22

–	Wireless standards that support wireless mesh

•	IEEE 802.15.4

•	IEEE 802.11




Other wireless communication technologies that can contribute to smart grid requirements include cellular technologies and sound broadcasting. Cellular networks under 3GPP responsibility (i.e. GSM/EDGE, WCDMA/HSPA and LTE) have evolved from providing telephony services to support a wide range of data applications, with in-built security and quality of service support. In recent 3GPP releases standardization enhancements for machine-type communication (MTC) have also been introduced, including support for congestion control, improved device battery lifetime and, ultra-low complexity devices and increasing numbers of devices (which could be of a very large magnitude by some projections), as well as addressing improved indoor coverage support. Smart meters are available with individual monitoring and control functions provided using GSM 3GPP technologyies. Also, inaudible subcarriers have been used for decades for simple wide area switching between metering tariffs using FM broadcasting networks in the USA and the LF 198 kHz national coverage broadcasting service in the United Kingdom. The IEEE 802 LAN/MAN standards committee has developed several standards that are being used to support smart grid applications.

[bookmark: _Toc459300296]8	Interference considerations associated with the implementation of wired and wireless data transmission technologies used in power grid management systems

[bookmark: _Toc459300297][Editorial note: No changes until Section 9]

9	Impact of widespread deployment of wired and wireless networks used for power grid management systems on spectrum availability

One of the objectives of the 3GPP cellular wireless technologies and the IEEE 802 family of standards is that the spectrum availability will not be affected by interference associated with wide-spread deployment of such technologies and devices.

This is vital consideration given that:

–	There are currently millions of installed wireless smart grid devices in a variety of countries and regions, e.g. Europe, Australia, North America, that are operating in shared spectrum. These deployments are growing and more are planned in these geographic regions because they have been successful and effective.

–	Mobile consumer wireless devices are in wide use globally. Each device may transfer gigabytes of data per month. The data usage of wireless smart grid devices is orders of magnitude smaller. The licensed spectrum, which is managed by wireless carriers, can easily handle the incremental traffic.

–	Existing regulations by regulators such as the Federal Communications Commission and UK Ofcom have successfully allowed for millions of wireless Smart grid devices to operate without harm to each other.

–	IEEE 802 wireless standards use a variety of technologies, e.g. frequency hopping, mesh routing, fragmentation, coding, and high burst rate, which enable reliable wireless Smart Grid Networks. In addition, wireless Smart Grid networks are resilient to link breaks and power outages.

–	Cellular wireless 3GPP technologies use a variety of techniques such as high level modulation and coding, resource block allocation, interference cancellation and mitigation, and MIMO to utilize the allocated spectrum efficiently. Additionally, Coordinated Multipoint provides additional robustness.

–	New cognitive radio sharing technologies developed within the IEEE 802 Standards can make efficient use of spectrum while doing no harm to other primary users operating in these bands or the adjacent bands. 

–	Features embedded within IEEE 802 standards such as spectrum sensing, spectrum etiquette, channel set management and co-existence will ensure minimal interference to themselves and others. 

–	Cellular wireless 3GPP technologies are continuously evolving and new features relevant to smart grids will behave been introduced in 3GPP Release 13 in order to: 

· improve the radio coverage; 

· increase the system capacity; 

· extend device battery life time up to at least 10 years; and 

· support devices of ultra-low complexity.

–	Wired Ethernet links do not use wireless spectrum, and are generally mandated to comply with applicable local and national codes for the limitation of electromagnetic interference for non-transmitting systems. As such, there should be no additional interference considerations to radiocommunication associated with the use of Ethernet in the implementation of wireless and wired technologies and devices used in support of power grid management systems.

One of the objectives of the 3GPP family of standards is that the spectrum availability will not be affected by interference associated with wide-spread deployment of such technologies and devices considering.

–	widespread, global deployment of systems providing global roaming of millions of user equipment,

–	reliable coverage of cellular network almost everywhere globally.

[bookmark: _Toc459300298]10	Conclusion

High-capacity, two-way communication networks employing wireless, PLT, or other telecommunications technologies that couple sensors and smart meters can transform existing distribution networks for utilities into smart grids.

Smart metering and communications via smart grid networks will in principle allow consumers to monitor and change their patterns of consumption to their best advantage. Utilities will also be able to introduce real time pricing measures in which charges can be adjusted continually to take account of considerations of total demand and the integrity of distribution grids. It will also be possible, in principle, to regulate the demand from particular classes of high usage domestic appliances and industrial equipment.

The overall objective is that these interactive smart grid networks can be monitored and controlled to enhance the efficiency, reliability, and security of the distribution networks for electricity, gas and water supplies, while assuring consumers of the continuity of supply.










[bookmark: _Toc421880927][bookmark: _Toc421882705]Annex 1

Examples of existing standards related to power grid management systems

[bookmark: _Toc459300301][Editorial note: No changes until Section A1.3]

A1.3	3GPP Standards

3GPP has a variety of wireless standards that are applicable to first mile applications for power grid management systems. Recent releases of the 3GPP standards have introduced enhancements for Machine Type Communications (MTC), e.g.

Release 10:

	•	Delay tolerant access establishment (UMTS, HSPA+, LTE)

·  Extended access barring (GSM/EDGE)

Release 11:

	•	Extended access barring (UMTS, HSPA+, LTE)

Release 12:

	•	UE power saving mode (GSM/EDGE, UMTS, HSPA+, LTE)

	•	Low complexity UE category (LTE)

Release 13:

	•	Extended DRX (GSM/EDGE, UMTS, HSPA+, LTE)

	•	Extended Coverage GSM Internet of Things (EC-GSM-IoT) (GSM/EDGE) 

	•	LTE Physical Layer Enhancements for MTC (eMTC) (LTE)

	•	Narrow band Internet of Things (NB-IoT)

A summary of the technical and operating features, including above listed enhancements for MTC, of the relevant 3GPP wireless standards are given in the table below.
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TABLE A1.7

Technical and operating features of 3GPP Technologies

		Functionality
Characteristic

		Measurement Unit

		GSM/EDGE

		EC-GSM-IoT

		UMTS

		HSPA+

		LTE Advanced Pro

		eMTC

		NB-IoT



		Ability to reliably establish an appropriate device link

		% of time

		Depends on deployment (typical > 99%)

		Depends on deployment (typical > 99%)

		Depends on deployment (typical > 99%)

		Depends on deployment (typical > 99%)

		Depends on deployment (typical > 99%)

		Depends on deployment (typical > 99%)

		Depends on deployment (typical > 99%)



		Ability to maintain an appropriate connection

		failure rate per 1000 sessions

		Depends on deployment (typical < 1%)

		Depends on deployment (typical < 1%)

		Depends on deployment (typical < 1%)

		Depends on deployment (typical < 1%)

		Depends on deployment (typical < 1%)

		Depends on deployment (typical < 1%)

		Depends on deployment (typical < 1%)



		Voice

		

		Yes

		Voice messaging supported

		Yes

		Yes

		Yes

		Yes (Possibly with reduced coverage.)

		Voice messaging supported



		Data

		Max sustainable user data rate per user in Gbps/Mbps/kbps

		GPRS:

172 kbps UL/DL



EGPRS:

491 kbps UL/DL



EGPRS2-A:

811 kbps DL

638 kbps UL



8 slots: 

0.1856 Mbps (GPRS UL/DL)

0.5568 Mbps (EGPRS UL/DL)

0.928 Mbps (EGPRS2-A DL)

0.7424 Mbps (EGPRS2-A UL)

Rel-7: Downlink dual carrier, 2x (EGPRS, EGPRS2-A)

Rel-12:

Downlink multi carrier, 2x – 16x (EGPRS, EGPRS2-A)

		98 kbps UL/DL



(Taking protocol limitations into account.)

		1.92 Mbps2.048 Mbps

 DL

0.96 Mbps UL 



(Assuming only data connection.)

		294 Mbps DL

346 Mbps DL




58.65 Mbps UL



(Assuming a 15% reduction in throughput compared to Peak over the air data rates)34 Mbps UL
for Rel 12 



		DL: Ranging between 0.85 Mbps and 21.2 Gbps depending on UE category.



UL: Ranging between 0.85 Mbps and 11.6 Gbps depending on UE category.

~4 Gbps DL; ~1.5 Gbps UL for Rel 12



(Assuming a 15% reduction in throughput compared to Peak over the air data rates)



		FD-FDD:

800 kbps DL

1 Mbps UL



HD-FDD:

300 kbps DL

375 kbps UL



(Taking protocol limitations into account.)





		21.3 kbps DL

62.5 kbps UL 



(Taking protocol limitations into account.)



		Video

		Max resolution in pixels @ 
x fps

		Yes

		No

		Yes

		Yes

		Yes

		Yes (Possibly with reduced coverage.)

		No





		Geographic coverage area

		km2

		35 km radius with normal timing advance; 120 km radius with extended timing advance

		35 km radius with normal timing advance 

		120 km radius for extended range cells

		120 km radius for extended range cells

		100 km radius

		100 km radius

		40 km radius







		Link budget

		dB

		EGPRS (Veh A50):

146.36/ 133.39 dB 

(Veh A50) (EGPRS)

With Rx diversity at BTS: 144 dB for GPRS/EGPRS/EGPRS2-A:

144 dB

		164 dB



(Assumes 33 dBm MS power class. In addition see 3GPP TR 45.820 for further assumptions)

		Up to 147 dB











		Up to 147 dB



(additional coverage extension planned for Rel-13)

		Up to 143 dB DL; Up to 133 dB UL



(additional coverage extension planned for Rel13)

		155.7 dB 



(Assumes 20 dBm UE power class. In addition see 3GPP TR 36.888 for further assumptions)

		164 dB 



(Assumes 23 dBm UE power class. See 3GPP TR 45.820 for further assumptions)



		Maximum relative movement rate

		km/s

		350 km/h

		~100 km/h (No support for handover)

		350 km/h

		350 km/h

		350 km/h

		~100 km/h

		~100 km/h

(No support for handover)



		Maximum Doppler

		Hz

		1000 with channel tracking equalizer

		

		648

		648

		648

		70 Hz

		



		Peak over the  air uplink data rate

		Instantaneous peak data rate in Gbps/Mbps/kbps

		GPRS:

172 kbps



EGPRS:

491 kbps



EGPRS2-A:

638 kbps



(Based on the number of information bits per radio block, see 3GPP TS 45.003.)0.271 Mbps (GPRS)

0,8125 Mbps (EGPRS)

1.0833 Mbps (EGPRS2-A)

		491 kbps



(Based on the number of information bits per radio block, see 3GPP TS 45.003.)

		1.024 Mbps UL



(Assuming simultaneous speech (64 kbps) and data (0.96 Mbps) connections.)1.024 Mbps

		69 Mbps UL



(Assuming dual carriers, 64QAM and 2 MIMO layers.)34 Mbps for Rel 12

		~1Ranging between 1 Mbps and 13.6 Gbps depending on UE category. .5 Gbps 



(See 3GPP TS 36.306 for UE categories up to Cat .) for Rel 12

		FD-FDD: 1 Mbps 

HD-FDD: 1 Mbps 



(Assuming UE Category M1 (see 3GPP 36.306) 

		250 kbps



(Assuming UE Category NB1 (see 3GPP 36.306) 



		Peak over the  air downlink  data rate

		Instantaneous peak data rate in Gbps/Mbps/kbps

		GPRS:

172 kbps



EGPRS:

491 kbps



EGPRS2-A:

811 kbps



(Based on the number of information bits per radio block, see 3GPP TS 45.003.)0.271 Mbps (GPRS)

0.8125 Mbps (EGPRS)

1.3542 Mbps (EGPRS2-A)

Rel-7: Downlink dual carrier, 2x (EGPRS, EGPRS2-A)

Rel-12:

Downlink multi carrier, 2x – 16x (EGPRS, EGPRS2-A)

		491 kbps



(Based on the number of information bits per radio block, see 3GPP TS 45.003.)

		2.048 Mbps2.048 Mbps DL



(Assuming simultaneous speech (128 kbps) and data (1.92 Mbps) connections.)

		346 Mbps DL



(Assuming 15 HS-PDSCH codes, four carriers, 64QAM and 4 MIMO layers.)

346 Mbps for Rel 12

		Ranging between 1 Mbps and 25 Gbps depending on UE category~4 Gbps


(See 3GPP TS 36.306 for UE categories.) for Rel 12

		FD-FDD: 1 Mbps 

HD-FDD: 1 Mbps 



(Assuming UE Category M1 (see 3GPP 36.306) 

		LTE in-band operation: 170 kbps



Standalone operation: 226.7 kbps



(Assuming UE Category NB1 (see 3GPP 36.306) 



		Peak goodput uplink data rate

		Max sustainable user data rate in Gbps/Mbps/kbps

		See Data row.

Using 8 slots: 

0.1856 Mbps (GPRS)

0.5568 Mbps (EGPRS)

0.7424 Mbps (EGPRS2-A)

		See Data row.



		See Data row.

0.960 Mbps

		See Data row.

~29 Mbps 



(15% overhead wrt PHY)

		See Data row.

~1.275 Gbps 



(~15% overhead wrt PHY)

		See Data row.



		See Data row.





		Peak goodput downlink data rate

		Max sustainable user data rate in Gbps/Mbps/kbps

		See Data row.

Using 8 slots:

0.1856 Mbps (GPRS)

0.5568 Mbps (EGPRS)

0.928 Mbps (EGPRS2-A)

Rel-7: Downlink dual carrier, 2x (EGPRS, EGPRS2-A)

Rel-12:

Downlink multi carrier, 2x – 16x (EGPRS, EGPRS2-A)

		See Data row.

		See Data row.

1.920 Mbps

		See Data row.

~294 Mbps 



(~15% overhead wrt PHY)

		See Data row.

~3.4 Gbps 



(~15% overhead wrt PHY)

		See Data row.



		See Data row.





		Public radio standard operating in unlicensed bands

		GHz L/UL

		Can be operated, but not currently specified.

		Can be operated, but not currently specified.

		Can be operated, but not currently specified.

		Can be operated, but not currently specified.

		Yes (License Assisted Access)Can be operated 



(Licensed-Assisted Access to unlicensed bands targeted for Rel13)

		Can be operated, but not currently specified.

		Can be operated, but not currently specified.



		Public radio standard operating in licensed bands

		GHz L/UL

		Multiple bands per 3GPP 45.005

		Multiple bands per 3GPP 45.005

		Multiple bands as per 3GPP 25.101

		Multiple bands as per 3GPP 25.101

		Multiple bands as per 3GPP 36.101 and 36.104

		Multiple bands as per 3GPP 36.101 and 36.104

		Multiple bands as per 3GPP 36.101 and 36.104



		Private radio standard operating in licensed bands

		GHz L/UL

		Can be operated, but not currently specified.

		Can be operated, but not currently specified.

		Can be operated, but not currently specified.

		Can be operated, but not currently specified.

		Yes, incl. push-to-talk and direct device-to-device technology

		Can be operated, but not currently specified.

		Can be operated, but not currently specified.



		Duplex method

		TDD/FDD

		Half-duplex  FDD

		Half-duplex FDD

		FDD and TDD

		FDD and TDD

		FDD and TDD, incl. full- and half-duplex FDD

		FDD and TDD, incl. full- and half-duplex FDD

		Half-duplex FDD



		Carrier bandwidth

		kHz

		200 kHz208 kHz @ 99%

		200 kHz

		5 MHz for FDD

		5 MHz for FDD

		1.4, 3, 5, 10, 15, 20 MHz 

Up to 100 640 MHz of aggregated bandwidth using Carrier Aggregation

		1.4 MHz



		180 kHz



		Channel separation

		kHz

		200 kHz channel spacing

		200 kHz

		5 MHz for FDD

		5 MHz for FDD

		Nominal Channel spacing = (BWChannel(1) + BWChannel(2))/2, where BWChannel(1) and BWChannel(2) are the channel bandwidths of the two respective carriers

		LTE in-band operation:

1.08 MHz



Standalone operation:

1.4 MHz



		LTE in-band operation:

180 kHz



Standalone operation:

200 kHz





		Number of non-overlapping channels in band of operation

		See 3GPP 45.005

		See 3GPP 45.005

		See 3GPP 25.101

		See 3GPP 25.101

		See 3GPP 36.101 and 36.104

		

		See 3GPP 36.101 and 36.104



		Peak Spectral Efficiency

		bits/sec/Hz

		GPRS:

0.86 bit/s/Hz



EGPRS:

2.46 bit/s/Hz



EGPRS2-A:

4.05 bit/s/Hz DL

3.19 bit/s/Hz UL270.8/200= 1.354 (GPRS)

812.5/200 = 4.0625 (EGPRS)

1354.2/200= 6.771 (EGPRS2-A)

		2.46 bit/s/Hz



		0.2048 bit/s/Hz UL; 0.4096 bit/s/Hz DL

		2.2 bit/s/Hz UL; 

5.6 bit/s/Hz DL

		15 bit/s/Hz UL; 40 bit/s/Hz DL

		LTE in-band operation:

0.93 bit/s/Hz



Standalone operation:

0.71 bit/s/Hz

		LTE in-band operation:

1.39 bit/s/Hz UL

0.94 bit/s/Hz DL



Standalone operation:

1.25 bit/s/Hz UL

1.13 bit/s/Hz DL



		Average Cell Spectral Efficiency

		bits/sec/Hz/cell

		1.1760 Mbit/s/MHz/cell (Veh A50) (EGPRS)

		Depending on deployment scenario

		0.67 DL (with Diversity); 0.47 UL (Pedestrian A)

		Depending on deployment scenario, example value ranges are 1.1-1.6 DL; 0.7 – 2.3 UL

		Depending on deployment scenario, example value ranges for Rel-8 are 1.8 - 3.2 DL; 0.7 - 1.05 UL 

		Depending on deployment scenario

		Depending on deployment scenario



		Frame duration

		ms

		120/26 ms

TDMA frame

GPRS:

20 ms TTI

EGPRS/EGPRS2-A:

10, 20 ms TTI

		20-80 ms TTI

		10 ms (2 ms TTI)

		10 ms (2 ms TTI)

		10 ms (1 ms TTI)

		10 ms (1 ms TTI)

		10 ms (1 ms minimum TTI)



		Maximum packet size

		Bytes

		1560 octets at RLC interface

		1560 octets at RLC interface

		No fixed size for FDD (depends on modulation level and number of channelization codes); TDD (3.84 Mbps) = 12750 bytes (see 3GPP 25.321)

		42192 bits per stream on DL; 22996 bits for UL

		8188 bytes for DL/UL

		8188 bytes for DL/UL

		1600 bytes for DL/UL



		Segmentation support

		Yes/No

		Yes

		Yes

		Yes

		Yes

		Yes

		Yes

		Yes



		Diversity technique

		antenna, polarization, space, time

		Yes

		Yes

		Yes

		Yes

		Yes

		Yes

		Yes



		Beam steering

		Yes/No

		No

		No

		No (for Rel 5)

		Yes

		Yes

		Yes

		No



		Retransmission

		ARQ/HARQ/-

		Yes, e.g., ARQ, HARQ -Incremental Redundancy

		Yes, e.g., ARQ, HARQ -Incremental Redundancy

		Yes, e.g., ARQ/HARQ

		Yes, e.g., ARQ/HARQ

		Yes, e.g., ARQ/HARQ

		Yes, e.g., ARQ/HARQ

		Yes, e.g., ARQ/HARQ



		Error correction technique

		

		Punctured convolutional coding

Turbo added in EGPRS2-A per Rel 7

		Punctured convolutional coding

		Convolutional and Turbo

		Convolutional and Turbo

		Turbo; Tail Biting Convolution on BCH

		Turbo; Tail Biting Convolution on BCH

		Tail Biting Convolutional in DL; Turbo in UL



		Interference cancellation

		

		Yes, e.g., Single Antenna Interference Cancellation (SAIC) DL

IRC DL and UL

		Yes

		No (for Rel 5)

		Yes for both DL and UL

		Yes

		Yes

		Yes



		RF frequency of operation

		

		Multiple bands per 3GPP 45.005

		Multiple bands per 3GPP 45.005

		Specified in 3GPP 25.101

		Specified in 3GPP 25.101

		Specified in 3GPP 36.101

		Specified in 3GPP 36.101

		Specified in 3GPP 36.101



		Retries

		

		Configurable

		Configurable

		Configurable

		Configurable

		Configurable

		Configurable

		Configurable



		RSSI

		

		Yes; 64 levels between -110 dBm+scale and -48 dBm+scale

		EC-GSM-IoT reports received useful signal in 75 levels between -122 dBm and -48 dBm.

		Yes; 77 levels between -100 dBm and -25 dBm

		Yes; 77 levels between -100 dBm and -25 dBm

		LTE reports Reference Signal Received Power (RSRP) for LTE neighbor cells and RSSI (77 levels between -100 dBm and -25 dBm) for HSPA and EDGE neighbor cells. See 3GPP TS 36.133.

		LTE reports Reference Signal Received Power (RSRP) for LTE neighbor cells. See 3GPP TS 36.133.

		NB-IoT measures Reference Signal Received Power (RSRP).



		Lost packets

		

		Depends on operating point but typically 1% residual BLER after HARQResidual BLER = 1% after HARQ

		Depends on operating point but typically 1% residual BLER after HARQ

		Residual BLER = 1% after HARQ

		Depends on operating point but typically 1% residual BLER after HARQ

		Depends on operating point but typically 1% residual BLER after HARQ

		Depends on operating point but typically 1% residual BLER after HARQ

		Depends on operating point but typically 1% residual BLER after HARQ



		Mechanisms to reduce power consumption

		

		Yes, e.g., DTX, DRX, extended DRX, Power Save Mode and power control

		Yes, e.g., extended DRX, and Power Save Mode

		Yes, e.g., DTX, DRX, , extended DRX and Power Save Mode

		Yes, e.g., DTX, DRX, extended DRX and Power Save Mode

		Yes, e.g., DTX, DRX, extended DRX and Power Save Mode

		Yes, e.g. extended DRX and Power Save Mode

		Yes, e.g. extended DRX and Power Save Mode



		Low power state support

		

		Yes, e.g. extended DRX, Power Save Mode.

		Yes, e.g., extended DRX, and Power Save Mode.

		Yes

		Yes, e.g., Longer DTX/DRX cycles in all states

		Yes, e.g. extended DRX, Power Save Mode.

		Yes, e.g. extended DRX and Power Save Mode

		Yes, e.g. extended DRX and Power Save Mode



		Point to point

		

		Yes

		Yes

		Yes

		Yes

		Yes

		Yes

		Yes



		Point to Multipoint

		

		Yes

		No

		Yes

		Yes

		Yes

		No

		No



		Broadcast

		

		Yes

		No

		Yes

		Yes

		Yes

		ETWS, CMAS, SIB16 time info

		SIB16 time info



		Handover

		

		Yes

		No

		Yes

		Yes

		Yes

		Yes

		No



		Media Access Method

		

		circuit-switched TDMA/FDMA

Scheduled packet based TDMA/FDMA

		Scheduled packet based TDMA/FDMA

		circuit-switched CDMA

		Scheduled packet based CDMA

		Scheduled packet based OFDMA

		Scheduled packet based OFDMA

		Scheduled packet based OFDMA



		Discovery

		

		Sync and Broadcast channel

		Sync and Broadcast channel

		Sync and Broadcast channel

		Sync and Broadcast channel

		Sync and Broadcast channel

		Sync and Broadcast channel

		Sync and Broadcast channel



		Association

		

		Temporary Block Flow (TBF)

		Temporary Block Flow (TBF)

		Through various RNTIs

		Through HRNTI and ERNTI assigned to UEs

		Through CRNTI

		Through CRNTI

		Through CRNTI



		Traffic priority

		diffserv, resserv

		3GPP-defined priorities

		3GPP-defined priorities

		3GPP-defined priorities

		3GPP-defined priorities

		3GPP-defined priorities

		3GPP-defined priorities

		3GPP-defined priorities



		Radio queue priority

		

		Scheduler in base station

		Scheduler in base station

		Yes at the Node B scheduler

		Yes at the Node B scheduler

		Yes at the eNode B scheduler

		Yes at the eNode B scheduler

		Yes at the eNode B scheduler



		Location awareness (x,y,z coordinates)

		

		aGPS and UTDOA methods as per 3GPP spec

		Timing Advanced based method as per 3GPP spec

		aGPS and OTDOA methods as per 3GPP spec

		aGPS and OTDOA methods as per 3GPP spec

		A-GNSS, OTDOA, E-CID, UTDOA methods as per 3GPP spec

		A-GNSS, E-CID methods as per 3GPP spec

		E-CID method as per 3GPP spec





		Ranging  (distance reporting)

		

		

		

		

		

		

		

		



		Encryption

		Algorithms supported

		A5/3, A5/4, GEA3

		KASUMI and SNOW 3G

		KASUMI

		KASUMI and SNOW 3G

		SNOW 3G, /AES, ZUC

		SNOW 3G, AES, ZUC

		SNOW 3G, AES, ZUC



		Authentication

		

		UE-to-NW (2G AKA) and mutual (3G AKA)Yes

		Mutual 

		UE-to-NW (2G AKA) and mutual (3G AKA)Yes, mutual

		UE-to-NW (2G AKA) and mutual (3G AKA)Yes, mutual

		Yes, mMutual

		Mutual

		Mutual



		Replay protection in key exchange protocol

		

		No (2G AKA) and yes (3G AKA)Yes

		Yes 

		No (2G AKA) and yes (3G AKA)Yes

		No (2G AKA) and yes (3G AKA)Yes

		Yes

		Yes

		Yes



		Key exchange

		Protocols and algorithms supported

		Proprietary, 2G MILENAGE (2G AKA) and proprietary, MILENAGE, TUAK (3G AKA)MILENAGE

		Proprietary, MILENAGE, TUAK 

		Proprietary, 2G MILENAGE (2G AKA) and

proprietary, MILENAGE, TUAK (3G AKA)MILENAGE 

		Proprietary, 2G MILENAGE (2G AKA) and 

proprietary, MILENAGE, TUAK (3G AKA)AKA

		Proprietary, MILENAGE, TUAK AKA

		Proprietary, MILENAGE, TUAK

		Proprietary, MILENAGE, TUAK



		Interference sources

		

		Other users, cells and networks

		Other users, cells and networks

		Other users, cells and networks

		Other users, cells and networks

		Other users, cells and networks

		Other users, cells and networks

		Other users, cells and networks



		· Co-channel interference

· Adjacent channel interference

· Alternate channel interference

· Collision avoidance

· Protection mechanisms

· Sensitivity to other interfering radio technologies

· Degree of interference caused to other radio technologies

· Sensitivity to power line RF emissions

		

		Managed as per 3GPP specs and implementation

		Managed as per 3GPP  specs and implementation

		Managed as per 3GPP specs and implementation

		Managed as per 3GPP specs and implementation

		Managed as per 3GPP specs and implementation

		Managed as per 3GPP specs and implementation

		Managed as per 3GPP specs and implementation



		MAC address

		

		

		

		Yes

		Yes

		Yes

		Yes

		Yes



		SIM card

		

		Yes

		Yes

		Yes

		Yes

		Yes

		Yes

		Yes



		Other identity

		

		IMEI

		IMEI

		IMEI

		IMEI

		IMEI

		IMEI

		IMEI



		Rogue detection

		

		Yes

		Yes

		Yes

		Yes

		Yes

		Yes

		Yes



		Base Standard SDO

		SDO name 

		ATIS (3GPP Organizational Partner)

		ATIS (3GPP Organizational Partner)

		ATIS (3GPP Organizational Partner)

		ATIS (3GPP Organizational Partner)

		ATIS (3GPP Organizational Partner)

		ATIS (3GPP Organizational Partner)

		ATIS (3GPP Organizational Partner)



		Profiling and Application Organizations

		Association/Forum Name

		

		

		

		

		

		

		



		Temperature range

		

		As per 3GPP 45.005

		As per 3GPP 45.005

		As per 3GPP 25.101 & 25.102

		As per 3GPP 25.101 & 25.102

		As per 3GPP 36.101 & 36.104

		As per 3GPP 36.101 & 36.104

		As per 3GPP 36.101 & 36.104



		RF Noise sources - other radios

		

		As per 3GPP 45.005 & 45.050

		As per 3GPP 45.005 & 45.050

		As per 3GPP 25.942

		As per 3GPP 25.942

		As per 3GPP 36.101 & 36.104

		As per 3GPP 36.101 & 36.104

		As per 3GPP 36.101 & 36.104



		RF Noise sources - other electrical equipment

		

		As per 3GPP 45.005 & 45.050

		As per 3GPP 45.005 & 45.050

		As per 3GPP 25.943

		As per 3GPP 25.943

		As per 3GPP 36.101 & 36.104

		As per 3GPP 36.101 & 36.104

		As per 3GPP 36.101 & 36.104



		Rx sensitivity

		dBm

		As per 3GPP 45.005

 –100 dBm (Veh A120) @ 10% BLER

		As per 3GPP 45.005

		As per 3GPP 25.101 & 25.102

		As per 3GPP 25.101 & 25.102

		As per 3GPP 36.101 & 36.104

		As per 3GPP 36.101 & 36.104

		As per 3GPP 36.101 & 36.104



		Tx Power peak

		dBm

		As per 3GPP 45.005

		As per 3GPP 45.005

		As per 3GPP 25.101 & 25.102

		As per 3GPP 25.101 & 25.102

		As per 3GPP 36.101 & 36.104

		As per 3GPP 36.101 & 36.104

		As per 3GPP 36.101 & 36.104



		Tx Power steps

		dB

		As per 3GPP 45.005

		As per 3GPP 45.005

		As per 3GPP 25.101 & 25.102

		As per 3GPP 25.101 & 25.102

		As per 3GPP 36.101 & 36.104

		As per 3GPP 36.101 & 36.104

		As per 3GPP 36.101 & 36.104



		Antenna gain

		dBi

		As per 3GPP 45.005

		As per 3GPP 45.005

		As per 3GPP 25.101 & 25.102

		As per 3GPP 25.101 & 25.102

		As per 3GPP 36.101 & 36.104

		As per 3GPP 36.101 & 36.104

		As per 3GPP 36.101 & 36.104



		Noise floor

		dBm

		As per 3GPP 45.050

		As per 3GPP 45.050

		As per 3GPP 25.101 & 25.102

		As per 3GPP 25.101 & 25.102

		As per 3GPP 36.101 & 36.104

		As per 3GPP 36.101 & 36.104

		As per 3GPP 36.101 & 36.104



		Modulation

		GFSK, OFDM, BPSK, GMSK

		GMSK, 8-PSK 16QAM/32QAM added in EGPRS2-A per Rel 7

		GMSK, 8PSK

		BPSK/QPSK

		QPSK, 16QAM/64QAM 

		QPSK, 16QAM/64QAM/256QAM

		QPSK, 16QAM 

		pi/2-BPSK, 

pi/4QPSK, QPSK



		Forward error Coding

		

		Punctured convolutional code

		Punctured convolutional code

		Convolutional and Turbo

		Convolutional and Turbo

		Turbo; Tail Biting Convolution on BCH

		Turbo; Tail Biting Convolution on BCH

		Turbo in UL; Tail Biting Convolution in DL















Recent releases of the 3GPP standards have introduced enhancements for machine type communications (MTC), e.g.

•	Delay tolerant access establishment in Rel 10 (UMTS, HSPA+, LTE)

•	Extended access barring in Rel 11 (GSM/EDGE, UMTS, HSPA+, LTE)

•	UE power saving mode in Rel 12 (GSM/EDGE, UMTS, HSPA+, LTE)

•	Low complexity UE category in Rel 12 (LTE)

•	3GPP has started work on further enhancements for machine type communications in Rel 13, targeting e.g. lower complexity devices, improved coverage, and increased battery life.
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