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--------------------- Start of Change #1 --------------------
[bookmark: _Toc74230016][bookmark: _Toc27761154][bookmark: _Toc74229422][bookmark: _Toc83799233]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
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[18]	M. Amin and A. Giacomoni, "Toward more secure, stronger and smarter electric power grids," IEEE PES'11, 2011.
[19]	Eric D. Knapp, Raj Samani, "Smart Grid Network Architecture", "Applied Cyber Security and the Smart Grid", 2013
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[21]	IEEE Std 1344™-1995 (R2001), IEEE Standard for Synchrophasors for Power Systems
[22]	IEEE Std C37.118™-2011, IEEE Standard for Synchrophasors for Power Systems
[23]	IEEE Std 1588-2008, Precision Clock Synchronization Protocol for Networked Measurement and Control Systems
[24]	IEEE Std C37.238-2017 2011, IEEE Standard Profile for Use of IEEE Std 1588™ Precision Time Protocol in Power System Applications.
[25]	IEEE Std C37.224-2013
[26]	IEC 61850-90-5:2012, use of IEC 61850 to transmit Synchrophasors information according to IEEE C37.118
[27]	IEEE Std C37.118.1a-2014: amendment 1 with modification of selected performance requirements.
[28]	IEEE Std C37.118.2-2011
[29] 	IEC 61850-90-3-2016 – IEC/IEEE International Standard - Communication Networks and Systems for Power Utility automation – Part 90-3:Using IEC 61850 for condition monitoring diagnosis and analysis Precision time protocol profile for power utility
[30]	Budka, K, et. al., "Communication Networks for Smart Grids", Springer Verlag, 2014.
[31]	Microgrid Knowledge: https://microgridknowledge.com/
[32]	M. A. Haj-ahmed and M. S. Illindala, "The influence of inverter-based DGs and their controllers on distribution network protection," in Proc. IEEE Ind. Appl. Soc. Annu. Meeting, Oct. 2013.
[33]	IEC, IEC 61850-5 communication networks and systems in substations – Part 5: communication requirements for functions and device models. <http://www.iec.ch>. 
[34]	Moreira, N., Molina, E., Lázaro, J., et al: "Cyber-security in substation automation systems", Renew. Sustain. Energy Rev., 2016
[35]	EN 50549-1, "Requirements for generating plants to be connected in parallel with distribution networks—Part 1: Connection to a LV distribution network— generating plants up to and including Type B"
[36]	EN 50438, "Requirements for micro-generating plants to be connected in parallel with public low-voltage distribution networks"
[37]	IEEE 1547 -2018, "Standard for Interconnecting Distributed Resources with Electric Power Systems"
[38]	IEEE 1547.4-2011, "IEEE Guide for Design, Operation, and Integration of Distributed Resources Island Systems with Electric Power Systems"
[39]	IEC 63547, "Interconnecting distributed resources with electric power systems"
[40]	IEC 62898-1, "Microgrids—Part 1: Guidelines for microgrid projects planning and specification"
[41]	IEC 62898-2, "Microgrids—Part 2: Guidelines for operation"
[42]	IEC 62898-3-1, "Microgrids—Part 3: Technical requirements - Protection and dynamic control"
[43]	BDEW, "Generating Plants Connected to the Medium-Voltage Network"
[44]	IEEE 929-2000, "IEEE recommended practice for utility interface of photovoltaic systems"
[45]	IEEE Std. 2030.7, "the Specification of Microgrid Controllers"
[46]	DLMS/COSEM – Device Language Message Specification: https://www.dlms.com/dlms-cosem/international-standardization
[47]	DLMS/COSEM Architecture and Protocols, Companion Specification for Energy Metering
[48]	European Commission Electricity Directive 2009/72/EC
[49]	IEC 61850-9-2:2011 Communication networks and systems for power utility automation - Part 9-2: Specific communication service mapping (SCSM) - Sampled values over ISO/IEC 8802-3
[50]	IEC/IEEE 60255-118-1-2018 - IEEE/IEC International Standard - Measuring relays and protection equipment - Part 118-1: Synchrophasor for power systems – Measurements
[51]	3GPP TR 22.878: "Feasibility Study on 5G Timing Resiliency System"
[52]	SOGNO project, Deliverable 4.6, "Description of the integration and testing of the solution including the 5G based advanced communication", https://www.sogno-energy.eu/global/images/cms/Deliverables/774613_deliverable_D4.6.pdf, June 2020.
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[64]	National Institute of Standards and Technology (NIST), "Timing Challenges in the Smart Grid", January 2017.
[65]	3GPP TS 22.104: "Service requirements for cyber-physical control applications in vertical domains".
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--------------------- End of Change #1 ----------------------
--------------------- Start of Change #2 --------------------
[bookmark: _Toc74229515][bookmark: _Toc74230121][bookmark: _Toc83799338]5.13.6	Potential New Requirements needed to support the use case
[PR.5.13-001] 5G System should support the IEC 61850-9-3 [7] [29] profile and IEEE Std C37.238-2017 [24].
[PR 5.13-002] 5G system should support at least one of the two profiles for synchrophasor communications: IEC 61850-90-5:2012 [26], or IEEE Std C37.118.2-2011 [28].
[PR.5.13-003] The 5G system should support the IEEE 802.1Q as the QoS profile, as defined in IEC 61850-90-5 [26]. 
[PR.5.13-004] The 5G system shall support delivery of the same UE originated data in a resource-efficient manner in terms of bandwidth to UEs distributed over a large geographical area.
[PR.5.13-005] The 5G system shall allow a UE to request a communication service to send data to different groups of UEs at the same time.
[PR.5.13-006] The 5G system shall allow a UE to request different QoS for the communication in each of those groups. 

--------------------- End of Change #2 ----------------------

--------------------- Start of Change #3 --------------------
[bookmark: _Toc74230115][bookmark: _Toc74229509][bookmark: _Toc83799332]5.13	Use case of 5GS support for synchrophasors in wide-area Smart Grid
[bookmark: _Toc74230116][bookmark: _Toc74229510][bookmark: _Toc83799333]5.13.1	Description
Using phasors as a mathematical approach to describe a power system operation quantities is not new. With the advent of GNSS and other time sources that provide phasor measurement units (PMUs) with accurate timing signals, the concept of synchrophasor came into existence [21]. Modern PMUs and accompanying entities such as Phasor Data Concentrators (PDCs) [22] could connect to the time source and with each other in a number of different ways such as: using direct connection with GPS via an internal GPS receiver, using a connection via IRIG-B (legacy method) or IEEE Std 1588-2008 [23]/IEEE C37.238-2011[24] or PTP time synchronization profile in IEC 61850-90-3 [7] [29], over an Ethernet to achieve 1 μs time accuracy. This 1 μs time accuracy as referred to in these IEC standards assumes every PMU is has a built-in synchronization modem.
--------------------- End of Change #3 ----------------------
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