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Abstract: This contribution proposes a new use case of power distribution grid load and generation prediction service.
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Discussion
-
Proposal
It is proposed to agree to add the following change to TR 22.867.
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5.x	Use case of power distribution grid load and generation prediction service
5.x.1	Description
The Load Prediction (LP) and Generation Prediction (GP) service [x1] aim at forecasting the future values of power consumption and injection, respectively, in order to give to the Distribution System Operator (DSO) the awareness on how the grid operating conditions are expected to evolve in the future. This service works by processing the historical data on the power consumption/injection of the customer, generator, or substation under analysis, and possibly taking into account other information that is likely to affect the power levels (e.g. like weather conditions, temperature, etc.). The forecast given by the LP and GP can refer to different time horizons and can have a different time resolution, according to the requirements of the DSOs. As an example, day ahead forecasts (for example with a time resolution of 15 minutes) can be generated in order to predict possible contingencies and, in case, to be prepared to take adequate countermeasures. Day ahead forecasts could be refined by shorter-term forecasts, e.g. a forecast referred to the next hour, which in general could be more reliable since it can be based on more recent information on the grid status. This could be, for example, a solution to apply preventive control schemes aimed at minimizing the risk of problems in the grid. On the other side, longer term forecasts (e.g. on a seasonal or yearly basis) are also possible and they can support DSOs in planning, and in supporting strategical decisions on managing and reinforcing the grid. 
5.x.2	Pre-conditions
Power meters are available at the customer (or substation) site where the forecast is required. The State Estimation service (see Chapter X “Use case of power distribution grid state estimation” above) is deployed and active in the power distribution grid. Output of the State Estimation service can be used by the LP and GP service.
5.x.3	Service Flows
LP and GP service is based on historical data as the input information. In the case of the LP service, the needed historical data include the power consumption (demand) measured in the past with a time resolution that is equal (or better) than the one required in output for the service. As a consequence, the application of the LP service automatically implies the need to have power meters available at the customer (or substation) site where the forecast is required. In the case of the GP service, similar requirements also apply. Moreover, since the generation can be largely affected by external factors, additional information can be also needed. E.g., in case of a GP service to forecast the power generation from photovoltaic (PV) plants, additional factors such as weather conditions (irradiance, temperature, cloudiness, etc.) can play a relevant role to determine the expected power generation and they need to be duly considered by the service. In summary, the data required as input to the LP/GP service are:
· Active and reactive power consumption (or generation) measured at the customer (generator) or substation that is object of the analysis; data should possibly cover a quite long period of time (months or years) to lead to accurate results.
· Weather forecast data (irradiance, temperature, cloudiness, etc.) as input to the GP service.
Generally, the LP/GP service has loose power system requirements. It is worth noting that no data about the grid are needed for this service and that the measurement devices deployed to get the needed power data do not need real-time communication requirements.
5.x.4.1	Power system requirements of LP/GP service
Needed components in the field: sensors and meters.
Information about the electrical grid: no details on the electric grid are needed.
Type of measurements: power measurements at the monitored load, generator, or substation (or both voltage and current in order to be able to compute the associated power).
Measurement number: for each point where an accurate forecast is needed, a meter providing power measurements (or information on both voltage and current) is needed. 
Measurement accuracy: no strict requirements on the accuracy of the measurement chain.
Measurement synchronization: no need for accurate synchronization, but meter data need to have a time tag.
Additional data needed from the field: no additional data needed from the field.
Real-time communication capability: not required.
Bi-directional communication: not required, the communication flow is mono-directional from the meters to the control centre.
5.x.4	Post-conditions
The future values of power consumption and injection are forecasted. DSO is aware of how the grid operating conditions are expected to evolve in the future, e.g., to predict possible contingencies. Longer term forecasts can support DSO in planning, and in supporting strategical decisions on managing and reinforcing the grid.
5.x.5	Existing features partly or fully covering the use case functionality
Data transmission is based on the uplink direction only, when using historic values for load and power generated. 
Load and generation prediction service does not take data from the field, but only the data stored in the database. Of course, the data stored in the database arrived at some point from the field.
Connection density. See State Estimation service (Chapter X “Use case of power distribution grid state estimation” above) for the number of substations where measurements that will be used for Load and Generation Prediction service can be collected. Additional measurements can arrive from generation plants and in this case the density of the connection end points will become higher comparing to State Estimation service.
In addition, residential smart meters could be also used in for LP/GP service. In this case the number of connection end points would increase drastically.
The connection density is the most critical requirements for LP/GP service. Accordingly, it requires enhanced coverage.
Latency. There are no critical latency requirements, since data are taken a posteriori from the database.
Sampling rate. See State Estimation service (Chapter X “Use case of power distribution grid state estimation” above) since the same data are likely to be used for LP/GP service. Note that for LP/GP service, sampling rate of 1 message per minute is enough.
Message size. See State Estimation service (Chapter X “Use case of power distribution grid state estimation” above) since the same measurement device can be used also for LP/GP service measurements collection.
Communications service reliability. Important but not critical. Prediction service works also if there are some missing values, since there are procedures to replace them.
Communication service availability. Not critical. 99.9% (3 nines meaning communications downtime per month of 43 minutes) or even more is acceptable.
Security. Important but not critical. If a few data are corrupted, it is not a big problem. Of course, if all the data of a certain period are wrong then also the prediction would be wrong. But in such scenario, there will be already other services that are more critical suffering from the bad data.
Table X shows communications requirements for the LP/GP service.
Table X Communications requirements of Load and Generation Prediction service 
	Characteristic parameter
	Influence quantity

	Communication service availability: target value
	Communication service reliability: mean time between failures
	End-to-end latency: maximum (note 1) (note 2)
	Service bit rate: user experienced data rate (note 2)
	Message size [byte] (note 2)
	Transfer interval: target value (note 2)
	Survival time (note 2)
	UE speed
	# of UEs
	Service area 

	99.9%
	
	Not critical
	100 bit/s
	< 1000
	1 minute
	
	Stationary
	< 30 per km2
	several km2 up to 100,000 km2

	NOTE 1:	Unless otherwise specified, all communication includes 1 wireless link (UE to network node) rather than two wireless links (UE to UE).
NOTE 2: It applies to UL.



5.x.6	Potential New Requirements needed to support the use case 
None
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