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1 Introduction
In TSG-RAN#80 plenary meeting [1], the scope of the new SID on physical layer enhancements for NR URLLC was defined for Release 16 (R16). In addition to AR/VR which is already enabled by release 15 (R15) URLLC, three different use cases were identified for performance evaluation, including transport industry, power distribution and factory automation. The detailed requirements for these use cases as well as the simulation assumptions have been hotly discussed from RAN1 #94 meeting onwards, and have almost been accomplished in the last two meetings [2],[3]. 
This contribution mainly provides system level simulation results for the use case of Power Distribution. The results are based on R15 URLLC technologies and hence would serve as a baseline performance evaluation achieved with R15 URLLC for power distribution.
2 Simulation Results
Within the scope of power distribution, Differential Protection (DP) is selected for performance evaluation. This is because the packet arrival rate for DP is much higher than the rate for Power Distribution Grid Fault and Outage Management, resulting in a much shorter simulation time. In the application of DP, several adjacent distribution terminating units (DTUs) compose the protection zone of DP. These DTUs exchange their current values with their neighbors in a strict cyclic pattern for fault identification. If fault occurs outside of the protection zone, the differential current among all DTUs is almost zero. If a fault is inside, then the differential current will exceed a threshold. Assuming that DTUs will exchange their information through cellular networks, as shown in Figure 1, then the communication links would be split into three hops. DTU 1 first transmits its current value in UL to the gNB, then gNB exchanges information with the gateway, and finally the gNB transmits the current value to DTU 2. Note that this is only a one-way information transfer from one node, i.e., DTU 1, but in practice, DTU 2 will simultaneous transmit its current value to DTU 1 through the gNB.
[image: image1.emf]DTU 

1

DTU 

2


Figure 1 Illustration of communication link in differential protection
According to the agreements in the last meeting, the one-way air interface latency is about 6~7 ms, and the reliability requirement is 99.999%. In the simulations, the air interface latency is set as 6 ms to achieve a lower bound of the baseline performance. Other parameters are defined in the Appendix, fully following the simulation assumptions agreed in the last two meetings. 
Both the 4 GHz FDD system and the 700 MHz FDD system are considered for simulations, and two kinds of antenna configurations are adopted, i.e., Antenna configuration #1 and #2 with the detailed antenna settings shown in Table 1 in our companion paper [4]. Moreover, both the processing times at the gNB and the UE as well as the alignment time are considered to model the timeline for downlink and uplink data transmission. The details could found in Section 2 in our companion paper [4].

2.1 Performance Evaluation in 4 GHz assuming FDD system

The assumed simulation bandwidth both for DL and UL transmission is 40 MHz for DL and also 40 MHz for UL in the 4 GHz FDD system. The geometry distribution and coupling loss distribution are given in Appendix B for calibration purpose. Meanwhile, the simulation time is set as 1000 seconds, and hence about 1.2 millions of packets are generated and transmitted during the simulation to guarantee the convergence of BLER.
Only the periodic traffic model with random offset is simulated. Meanwhile, since the latency is relatively loose, i.e., 6 ms, only the GB PUSCH scheme is evaluated for uplink transmission. The performance is illustrated in Table 1 below, in which we assume a 7OS TTI with 1.5 OS (i.e., 21.4%) overhead for control and reference signals in both DL and UL directions. It is found that for 10 UEs per cell and 40MHz bandwidth, all UEs could satisfy the 6 ms latency and 99.999% reliability requirement for the downlink transmission even when long processing delays are assumed, i.e., UE capability #1, is used as baseline both for UE and gNB processing times. The performance is pretty good compared to the results for Remote Driving [4]. The gain is mainly owed to two reasons: the first loose latency requirement, i.e., 6 ms compared to 3 ms, and the small packet size, which further relaxes the latency requirement indirectly. Note that the average data rate of the differential protection case is about 250B*8*1200/sec = 2.4 Mbps, which is larger than the 1 Mbps average downlink data rate of the remote driving case, but its performance is still better even for the same latency and reliability requirements. The reason is that the latency requirement is defined for packet on higher layer. In case of remote, the large packet is split into multiple mall packets in PHY, but they need to fulfill the latency requirements all together. For power distribution, on the other hand, the packets are small already on higher layer and hence there is no further splitting on PHY layer, the latency on PHY is counted for each packet individually in this case. This is equivalent to a significant relaxation of the latency requirement.
However, for the UL transmission, the performance is much worse, and only 52.9% UEs could meet the latency and reliability requirement even when UE capability #2 is used for the UE and gNB processing. This is because the uplink transmission capability of UE is much smaller than the downlink transmission capability of the BS. This can be verified through the achieved large resource utilization (RU). The RU is 78.8% and would unavoidably cause a lot of congestion, which then reduces the retransmission opportunities within the 6 ms latency budget. Due to congestion, the large latency budget becomes useless, and the actual number of retransmission opportunities is limited by the available resource but not the latency budget. The high resource utilization could be alleviated by enabling resource sharing among UEs, e.g., adopting MU-MIMO and introduce enhanced receiver at the gNB. For example, as shown in our companion paper [5], the uplink performance would be improved to 80% if we use GF scheme with resource sharing and enhanced receiver at the gNB.
Observation 1: For differential protection in 4 GHz assuming FDD system with 40 MHz bandwidth and 10 UEs per cell, 
· All UEs could achieve 6 ms latency and 99.999% reliability for the downlink transmission;
· About 53% UEs could achieve 6 ms latency and 99.999% reliability for the uplink transmission when UE capability #2 is used.
Proposal 1: For differential protection in 4 GHz assuming FDD system with 40 MHz bandwidth and 10 UEs per cell, enhanced technologies should be studied to further improve the uplink transmission performance to achieve the latency/reliability requirements and almost 100% UE coverage.
Table 1 The ratio of UEs satisfying 6 ms latency and 99.999% reliability and the resource utilization (denoted by the blue value in brackets), where Antenna Config#1 is used
	
	Capability #1
	Capability #2

	DL
	100% (27%)
	--

	GB UL
	--
	52.9% (73.2%)


2.1 Performance Evaluation in 700 MHz FDD system

The bandwidth is 20 MHz for DL and also 20 MHz for UL in the 700 MHz FDD system. The geometry distribution and coupling loss distribution are given in Appendix B for calibration. Similarly, the simulation time is set as 1000 seconds and hence about 1.2 millions of packets are generated and transmitted during the simulation.
Table 2 shows the simulation results for two kinds of antenna configurations respectively. Antenna configuration #2 requires 8 dual-polarized antenna elements virtualized as 2 ports at gNB and is commonly used for 700 MHz carrier, while antenna Configuration #1 requires 32 dual-polarized antenna elements virtualized as 2 ports at gNB and is a little challenging for 700 MHz carrier. It is observed that the performance for Antenna Configuration #2 is very poor and only 8.4% and 6.2% UEs could satisfy the target latency and reliability requirements. This is mainly because the resource utilization is too large, i.e., more than 92%. The congestion is severe, and hence a majority of retransmission opportunities would be lost due to congestion. 
With respect to Antenna Configuration #1, the transmitting/receiving capability at gNB is greatly improved, resulting in an apparent reduction on the resource consumption. Moreover, since one antenna port is linked to more elements, the fast fading is smoothed to some extent, which is also beneficial to guarantee the reliability. As a result, the percentage of UEs satisfying latency and reliability requirements is increased to 78.1% for DL and 47.1% for UL respectively. Another observation is that little performance gain is obtained by using UE capability #2. This is also expected. The resource utilization is large and the congestion is severe, and hence the number of retransmission opportunities is actually limited by the available resource but not the UE capability 

Finally, it could be observed that the resource utilization in 700 MHz is much larger than the resource utilization in 4 GHz due to the reduced bandwidth. Similar to observations above, the major performance bottleneck is the insufficient available resource, and could be alleviated by enabling MU-MIMO and adopting enhanced receiver.
Observation 2: For differential protection in 700 MHz FDD system with 20 MHz bandwidth and 10 UEs per cell, 

· About 8% and 6% UEs could achieve 6 ms latency and 99.999% reliability for downlink and uplink transmissions respectively when Antenna Configuration #2 is used;

· About 78% and 47% UEs could achieve 6 ms latency and 99.999% reliability for downlink and uplink transmissions respectively when Antenna Configuration #1 is used.
Table 4 The ratio of UEs satisfying 6 ms latency and 99.999% reliability for downlink transmission and the resource utilization (denoted by the blue value in brackets)
	
	Capability #1
	Capability #2

	Antenna Config#2
	DL
	--
	8.4% (92.5%)

	
	GB UL
	--
	6.2% (94.6%)

	Antenna Config#1
	DL
	78.1% (64.9%)
	78.1% (64.9%)

	
	GB UL
	47.1% (78.2%)
	47.1% (78.2%)


3 Conclusions 
In this contribution, simulation results for differential protection in power distribution are presented to establish a baseline performance. Observations and proposals are given as follows.
Observation 1: For differential protection in 4 GHz assuming FDD system with 40 MHz bandwidth and 10 UEs per cell, 

· All UEs could achieve 6 ms latency and 99.999% reliability for the downlink transmission;

· About 53% UEs could achieve 6 ms latency and 99.999% reliability for the uplink transmission when UE capability #2 is used.
Observation 2: For differential protection in 700 MHz FDD system with 20 MHz bandwidth and 10 UEs per cell, 

· About 8% and 6% UEs could achieve 6 ms latency and 99.999% reliability for downlink and uplink transmissions respectively when Antenna Configuration #2 is used;

· About 78% and 47% UEs could achieve 6 ms latency and 99.999% reliability for downlink and uplink transmissions respectively when Antenna Configuration #1 is used.
Proposal 1: For differential protection in 4 GHz assuming FDD system with 40 MHz bandwidth and 10 UEs per cell, enhanced technologies should be studied to further improve the uplink transmission performance to achieve the latency/reliability requirements and almost 100% UE coverage.
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Appendix A
Table A Simulation assumptions for Power Distribution
	Parameters
	Value

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	500 m

	Carrier frequency
	4 GHz or 700 MHz

	Simulation bandwidth
	40 MHz

	SCS 
	30 kHz

	Channel model 
	UMa in TR 38.901

	Transmit power per TRP
	49 dBm 

	BS antenna height
	25 m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5 dB

	UE Tx power
	23 dBm

	UE antenna height
	1.5 m

	UE antenna gain
	0 dBi

	UE receiver noise figure
	9 dB

	UE distribution
	100% of users are outdoors 

Use 3km/h for modeling fading channel

	Number of UEs per cell
	10

	UE power control
	Open-loop power control with P0 = -86 dBm, alpha = 0.9

	HARQ/repetition
	Adaptive HARQ retransmission

	Channel estimation
	Realistic

	BS receiver
	MMSE-IRC


Appendix B
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Figure 1 Distribution of DL Geometry and Coupling loss for power distribution in Urban Macro
