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5.x	 Use case of 5GS support for synchrophasors in wide-area smart grid
5.x.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 [X1]. Modern PMUs and accompanying entities such as Phasor Data Concentrators (PDCs) [X2] 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 [X3]/IEEE C37.238-2011[X4] or PTP time sunchronization profile in IEC 61850-90-3 [X9], over an Ethernet to achieve 1 μ𝑠 time accuracy. 
As a result, the phasors throughout a wide-area power system can be measured at different but strategically selected locations (such as at tie-lines and on the key network buses) in a synchronized fashion. This powerful possibility releases huge potential for power utility operators to innovate, so as to achieve various goals in safe, robust and efficient network operation and maintenance. Some interesting applications based on synchrophasors are: power system model validation, wide-area protection, advanced state estimation, frequency-control and oscillation mitigation, etc. With the fast adoption of DERs, the power system will undergo challenges of increased variability and unpredictability, which means the synchrophasors could offer utility operators an effective means to understand, respond and predict the real-time dynamics of the power systems.
Up till now, wide-area measurement systems based on synchrophasors have been under expansion in large scale throughout America, Europe, and Asia. It is an area of opportunity for 5G systems to provide connectivity and services. Thanks for the wide-area coverage of 5G, it is seen by many utilities that 5G could play a major role in supporting PMU wide-area applications paradigm. 
Synchrophasors are measured and collected in a hierarchical structure to meet the power system needs. The figure below comes from [X5]. But it is important to know that PDCs can have one to many interconnections with each other for the sake of eg. redundancy. There could be many internal and external functions defined at each PDC, and PDCs could eventually interface with SCADA, EMS and DMS, where applicable. As defined in [X5], a PMU and a PDC may transmit its data in one or more separate data streams. Each stream may have different content and may be sent at a different rate. The destination of each stream may be different device(s) and location(s) (multicast data is sent to multiple destinations). Each stream must then be individually controllable, and have its own identification and a separate configuration control. This feature is useful for sending data to different devices with different purposes, allowing streams with different wait times and class of service (M and P class), as specified in [X2].
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Figure 1. Synchrophasor data collection network [X6]
Within the synchrophasor system, PMUs can be configured with various reporting rates [X2]. In a 60Hz system, reporting rates could be {12, 15, 20, 3, 60} per second, and in a 50Hz system, the reporting rates could be {25, 50} per second. It is encouraged to adopt higher rates up to 120 per second. Table 1 shows the corresponding reporting period 1/Fs.

	Reporting Rate 
(Fs) 
in Hs
	12
	15
	20
	25
	30
	50
	60
	100
	120

	Reporting Period (1/Fs) 
in ms
	83.3
	66.67
	50
	40
	33.3
	20
	16.67
	10
	8.3


Table 1. PMU reporting rate and the corresponding Reporting Period in IEEE Std C37.118™-2011 [X2]

With regard to the data flows, each synchrophasor data flow could have an individual QoS – the performance aspects are addressed in [X7]. In [X8], the real-time communication between PMUs is addressed, and there two performance classes (P and M) are specified with the corresponding dynamic performance requirements. The P class is mainly for protection and control purposes, which requires fast response, minimum filtering and minimum delay. The M class is mainly used for measurements in the presence of out-of-band signals, which requires greater precision and significant filtering, and allows slower response and longer delay. Intuitively, the higher the PDC in the hierarchy (as in Figure 1), the more prone to class M an application deployed there seems to be. 

The measurement reporting latency compliance specification defines the PMU real-time output reporting latency is dependent on the corresponding reporting rate Fs. For both performance classes, the measurement reporting latency is defined in Table 2 [X2]. 

	Performance Class
	Max Measurement Reporting Latency

	P Class
	2/Fs

	M Class
	5/Fs


Table 2. PMU measurement reporting latency

The communication end-to-end latency shall be the reporting latency subtracted from the reporting period. Therefore for different reporting rate, the communication latency is shown in Table 3.
	
	12
	15
	20
	25
	30
	50
	60
	100
	120

	P Class
	83.3
	66.67
	50
	40
	33.3
	20
	16.67
	10
	8.3

	M Class
	333.3
	266.67
	200
	160
	133.3
	80
	66.67
	40
	33.3


Table 3. max End-to-end communication latency (ms) at different PMU reporting rate

5.x.2	Pre-conditions
Throughout the wide-area power system, according to the smart-grid application architecture, PMUs and PDCs are deployed at selected locations. A 5G UE is integrated into a PMU or a PDC. They are switched on. According to specified reporting rate, the synchrophasor data is collected, aggregated and made available to the applications accordingly.

5.x.3	Service Flows

1. PMUs carry out measurement according the configured reporting period.
2. PDCs received the synchrophasors, performs configured local processing functions, forwards data further down the hierarchy.
3. Advanced logics in the applications receive the synchrophasors as prescribed, the designed logics such as control, protection and measurement are carried out as expected. 
  
5.x.4	Post-conditions
Applications can execute designed logic to perform protection, control and monitor actions per design.

5.x.5	Existing features partly or fully covering the use case functionality
1. In TR 22.804, a similar PMU study proposes 10ms end-to-end communication latency.
2. In TS 22.104, for PMUs synchronization, 1 μ𝑠 is specified as 5GS synchronicity budget requirement in a service area < 20 km2.
3. Support of IEEE 1588 PTP is an existing feature. Additional traffic from running IEEE 1588 PTP is around 0.004 Mbps.
4. In TS 22.261, 5G system shall support operation of downlink only broadcast/multicast over a specific geographic area (e.g. a cell sector, a cell or a group of cells). 
5. In TS 22.261, the 5G system shall support downlink parallel transfer of the same content, via broadcast/multicast and/or unicast, such that all receiver group members in a given area receive the media at the same time according to user perception.
6. In TS 22.261, the 5G system shall be able to apply QoS, priority and pre-emption to a broadcast/multicast service area. 
7. In TS 22.261, The 5G network shall support parallel transfer of multiple quality levels (i.e. video resolutions) of broadcast/multicast content for the same user service to the same UE taking into account e.g. UE capability, radio characteristics, application information. 
8. In TS 22.261, the Ethernet transport service shall support routing based on information extracted from Virtual LAN (VLAN) ID by the 3GPP system.


5.x.6	Potential New Requirements needed to support the use case
[PR. 001] For PMU of performance class P with the highest reporting rate 120Hz, the 5G system shall provide communication service with latency < 8.33 ms.
[PR. 002] Besides IEEE 1588 PTP, the other profiles, namely IEC 61850-90-3 [X9] profile and IEEE Std C37.238-2011 [X4] profile should be supported by 5G System.
[PR. 003] 5G system shall support at least one of the two profiles for synchrophasor communications: IEC 61850-90-5:2012 [X6], or IEEE Std C37.118.2-2011 [X8].
[PR. 004] To support the QoS as defined with IEC 61850-90-5 profile [X6], 5G system shall support IEEE 802.1Q QoS priority tagging. 
[PR. 005] The 5G system shall support uplink parallel transfer of the same content with different QoS requirements, via broadcast/multicast and/or unicast.
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