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1 Introduction
In the 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 transport industry, power distribution and factory automation, some R15 enabled use cases have also been agreed for performance evaluation. 
This contribution mainly provides system level simulation results for the use case of R15 enabled use cases. The results are based on R15 URLLC technologies and hence would serve as a baseline performance evaluation achieved with R15 URLLC for Rel-15 enabled use cases. Note that some of the simulation results were already captured in the TR, which are also shown here for comparison as needed.  
2 Simulation Results
Among the R15 enabled use cases, many sub-cases are included. In the following, we mainly focus on the following two sub-cases.
· R15 case: 1 ms air interface latency and 99.999% reliability. Aperiodic traffic model with a small packet size (i.e., 32 B). 

· AR/VR: 7 ms air interface latency and 99.9% reliability. Periodic traffic model with a large packet size (i.e., 4096 B).

2.1 R15 case

The performance for 700 MHz FDD system in the Urban Macro deployment is evaluated. Both the processing time at the gNB and the UE as well as the alignment time are considered to model the timeline for downlink and uplink data transmissions. The details can be found in Section 2 of our companion paper [2].
Since the latency budget is small, we set the TTI length to 4 OS and capability #2 is adopted for both the gNB and the UE. The corresponding number of transmission opportunities is up to two for DL and one for UL respectively if the PDSCH/PUSCH blocking does not occur. The results are shown in Table 1 in which the overhead for control and reference signal is set as 25%. 
Antenna configuration #2 requires 8 dual-polarized antenna elements virtualized as 2 ports at gNB and is commonly used for 700 MHz carrier. The packet arriving rate is set small as 120 p/s, and the simulation time is set as 10000 seconds to guarantee 1.2 million packets are generated and transmitted during simulations. It is found that although the resource utilization is very small, i.e., 3.2%, for the downlink transmission, the performance is still not very good and only 81.9% UEs satisfy the target latency and reliability requirements. This is because the latency budget is very small and hence the number of available transmission opportunities is limited. Then we must reserve a lot of resources to guarantee the data could be successfully transmitted in case of large fading, severe interference and packet collision. This phenomenon is more obvious in the uplink transmission, and only 15.7% UEs meet the latency and reliability requirements even when the resource utilization is only 7.3%. Note that only one transmission opportunity is available within the latency budget for uplink, and hence we have to reserve more resources to provide robust transmission in all cases to guarantee successful data transmission in one shot.

Antenna Configuration #1 requires 32 dual-polarized antenna elements virtualized as 2 ports at gNB and is a little challenging for 700 MHz carrier. Since the transmission/receiving capability at gNB increases, the packet arriving rate is increased accordingly to 500 p/s. Meanwhile, the simulation time is set as 2000 seconds to guarantee 1 million packets are generated and transmitted during simulations. For the downlink transmission, although the resource utilization is larger compared to Antenna Configuration #2, the performance becomes better, i.e., about 91.4% UEs could satisfy the latency and reliability requirements. This is because in Antenna Configuration #1, 8 dual-polarized antenna elements would be virtualized as one antenna port and hence the fast fading on one port would be smoothed to some extent. As a result, we can reserve less resources to cope with a smoothed fast fading. Similarly, the uplink performance is also improved and about 45.3% UEs could satisfy the latency and reliability requirements. 
Observation 1: For R15 case in 700 MHz FDD system with 20 MHz bandwidth and 10 UEs per cell, 
· About 82% and 16% UEs could achieve 1 ms latency and 99.999% reliability for the downlink and uplink transmissions respectively when Antenna Configuration #2 is used and the packet arriving rate is 120 p/s;
· About 91% and 45% UEs could achieve 1 ms latency and 99.999% reliability for the downlink and uplink transmissions respectively when Antenna Configuration #1 is used and the packet arriving rate is 500 p/s.
Proposal 1: For R15 case in 700 MHz FDD system with 20 MHz bandwidth and 10 UEs per cell, enhanced technologies should be studied to improve the downlink and uplink transmission performance to achieve the required latency/reliability metrics and almost 100% UE coverage.
Table 1 The ratio of UEs satisfying 1 ms latency and 99.999% reliability and the resource utilization (denoted by the blue value in brackets)
	
	DL
	GB UL

	Antenna Config#2
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=120 p/s
	81.9% (3.2%)
	15.7% (7.3%)

	Antenna Config#1
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=500 p/s
	91.4% (6.4%)
	45.3% (16.2%)


2.2 AR/VR

The performance of 4 GHz FDD system in the indoor deployment is evaluated and Antenna configuration #1 is adopted with the detailed configuration information shown in Table 1 in our companion paper [4]. Moreover, both the processing time at gNB and UE as well as the alignment time are considered to model the timeline for downlink transmission and uplink transmission, and the details could found in Section 2 in our companion paper [4].
We consider both Aperiodic and Periodic-random traffic models [4], and packet arriving rate is set as 60 p/s or 120 p/s with a packet size of 4096 bytes. The simulation time is set as 200 seconds and hence about 12 thousand and 24 thousand packets are generated in simulation respectively. GB PUSCH scheme is simulated. The results are shown in Table 2 below. For downlink transmission, all UEs could satisfy the target latency and reliability requirements if the packet arriving rate is 60 p/s, e.g., 60 frame per second for video stream. If the arriving rate is increased to 120 p/s, the performance degrades and only 83.3% and 69.2% UEs could meet the latency and reliability requirements for Periodic-random and Aperiodic traffic models respectively. The performance degradation comes from the increased congestion due to the larger resource utilization. 
For the uplink transmission, about 82.5% and 89.2% UEs could satisfy the latency and reliability requirements for Aperiodic and Periodic-random traffic models respectively when the packet arriving rate is 60 p/s. The performance loss is expected since the resource utilization is large and hence the congestion is severer. 
Observation 2: For AR/VR in 4 GHz assuming FDD system with 40 MHz bandwidth and 10 UEs per cell, 
· All UEs could achieve 7 ms latency and 99.9% reliability in downlink for Aperiodic/Periodic-random traffic model with a packet arriving rate of 60 p/s;
· About 83% and 69% UEs could achieve 7 ms latency and 99.9% reliability in downlink for Aperiodic and Periodic-random traffic models respectively with a packet arriving rate of 120 p/s;
· About 89% and 83% UEs could achieve 7 ms latency and 99.9% reliability in uplink for Aperiodic and Periodic-random traffic models respectively with a packet arriving rate of 60 p/s.
Proposal 2: For AR/VR in 4 GHz assuming FDD system with 40 MHz bandwidth and 10 UEs per cell, enhanced technologies should be studied to improve the downlink performance for a packet arriving rate of 120 p/s and the uplink performance for a packet arriving rate of 60 p/s to achieve the required latency/reliability metrics and almost 100% UE coverage.
Table 2 The ratio of UEs satisfying 7 ms latency and 99.9% reliability and the resource utilization (denoted by the blue value in brackets), where Antenna Config#1 is used
	
	
	DL
	GB UL

	Periodic-random
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=60 p/s
	100% (23.6%)
	92.5% (35.5%)
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=120 p/s
	83.3% (60.8%)
	--

	Aperiodic
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=60 p/s
	100% (28.3%)
	82.5% (34.5%)
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=120 p/s 
	69.2% (53.9%)
	--


3 Conclusions 
In this contribution, simulation results for R15 enabled use cases are presented to establish a baseline performance. Observations and proposals are given as follows.
Observation 1: For R15 case in 700 MHz FDD system with 20 MHz bandwidth and 10 UEs per cell, 
· About 82% and 16% UEs could achieve 1 ms latency and 99.999% reliability for the downlink and uplink transmissions respectively when Antenna Configuration #2 is used and the packet arriving rate is 120 p/s;

· About 91% and 45% UEs could achieve 1 ms latency and 99.999% reliability for the downlink and uplink transmissions respectively when Antenna Configuration #1 is used and the packet arriving rate is 500 p/s.
Observation 2: For AR/VR in 4 GHz assuming FDD system with 40 MHz bandwidth and 10 UEs per cell, 
· All UEs could achieve 7 ms latency and 99.9% reliability in downlink for Aperiodic/Periodic-random traffic model with a packet arriving rate of 60 p/s;
· About 83% and 69% UEs could achieve 7 ms latency and 99.9% reliability in downlink for Aperiodic and Periodic-random traffic models respectively with a packet arriving rate of 120 p/s;
· About 89% and 83% UEs could achieve 7 ms latency and 99.9% reliability in uplink for Aperiodic and Periodic-random traffic models respectively with a packet arriving rate of 60 p/s.
Proposal 1: For R15 case in 700 MHz FDD system with 20 MHz bandwidth and 10 UEs per cell, enhanced technologies should be studied to improve the downlink and uplink transmission performance to achieve the required latency/reliability metrics and almost 100% UE coverage.
Proposal 2: For AR/VR in 4 GHz assuming FDD system with 40 MHz bandwidth and 10 UEs per cell, enhanced technologies should be studied to improve the downlink performance for a packet arriving rate of 120 p/s and the uplink performance for a packet arriving rate of 60 p/s to achieve the required latency/reliability metrics and almost 100% UE coverage.
References

[1] RP-1801477, “New SID on Physical Layer Enhancements for NR URLLC”, TSG-RAN#80, La Jolla, US, June 11th – 14th, 2018
[2] R1-1901553, Baseline performance achievable with Rel-15 URLLC for transport industry, RAN1 #96, Athens, Greece, February 2019.
Appendix A
Table A.1 Simulation assumptions for R15 case in Urban Macro deployment
	Parameters
	Value

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	500 m

	Carrier frequency
	4 GHz or 700 MHz

	Duplex Mode / Simulation bandwidth
	For 4 GHz, FDD with 40 MHz BW for both DL and UL; 
For 700 MHz, FDD with 20 MHz BW for both DL and UL.

	SCS / Cyclic Prefix
	30 kHz / NCP

	Channel model 
	UMa in TR 38.901

	BS antenna configuration
	Antenna Config. #1: apply to 4 GHz and 700 MHz

· 4 Tx/4 Rx antenna ports, and (dH, dV) = (0.5λ, 0.8λ)

(M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 2)

Antenna Config. #2: apply to 700 MHz

· 2 Tx/2 Rx antenna ports, and (dH, dV) = (N/A, 0.8λ)

(M, N, P, Mg, Ng; Mp, Np) = (8,1,2,1,1;1,1)

(+45°, -45°) polarization and 102 degrees antenna tilt

	UE antenna configuration
	Antenna Config. #1: apply to 4 GHz and 700 MHz
· 2 Tx/4 Rx antenna ports, and Panel model 1: dH = 0.5λ

For 4 Rx, (M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2)

For 2 Tx: (M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1)

Antenna Config. #2: apply to 700 MHz

· 2 Tx/2 Rx antenna ports

(M, N, P, Mg, Ng; Mp, Np) = (1,1,2,1,1;1,1)

	Transmit power
	49 dBm at BS and 23 dBm at UE

	Antenna height
	25 m at BS and 3 m at UE

	Antenna gain 
	8 dBi at BS and 0 dBi at UE

	Noise figure
	5 dB at BS and 9 dB at UE

	UE distribution
	80% outdoors and 20% indoors. Indoor penetration loss is modelled according to low loss model.

Use 3km/h for modeling fading channel

	Scheduling Algorithm
	Latency-based SU-MIMO

	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

	URLLC/eMBB Co-existence
	Yes

	Others
	All control channels are error-free


Table A.2 Simulation assumptions for R15 case in Indoor deployment
	Parameters
	Value

	Layout
	Single layer as defined in 38.802

Indoor floor: 12 BSs per 120 m x 50 m

	Inter-BS distance
	20 m

	Carrier frequency
	4 GHz

	Duplex Mode / Simulation bandwidth
	FDD with 40 MHz BW for both DL and UL

	SCS
	30 kHz 

	Channel model 
	ITU InH for 4 GHz

	BS Antenna Configuration
	Antenna Config. #3: apply to 4 GHz

· 4 Tx/4 Rx antenna ports, and (dH, dV) = (0.5λ, 0.5λ)

(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2)

The antenna tilt is 90 degrees.

	UE Antenna Configuration
	Antenna Config. #3: apply to 4 GHz

· 2 Tx/4 Rx antenna ports, and Panel model 1: dH = 0.5λ

For 4 Rx: (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1; 1,2)

For 2 Tx: (M, N, P, Mg, Ng; Mp, Np) = (1,1,2,1,1;1,1)

	Transmit Power
	27 dBm at TRP, and 23 dBm at UE

	Antenna Height
	3 m for BS and 1.5 m for UE

	Antenna Element Gain
	5 dBi for BS and 0 dBi for UE

	Receiver Noise Figure
	5 dB for BS and 9 dB for UE

	UE distribution
	100% of users are indoors 

Use 3km/h for modeling fading channel

	Number of UEs per cell
	10

	Scheduling Algorithm
	Latency-based SU-MIMO

	UE power control
	Open-loop power control with P0 = -65 dBm, alpha = 0.6

	HARQ/repetition
	Adaptive HARQ retransmission

	Channel estimation
	Realistic

	BS receiver
	MMSE-IRC

	URLLC/eMBB Co-existence
	No

	Others
	All control channels are error-free
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(b) Coupling loss
Figure 1 Distribution of DL Geometry and Coupling loss for R15 case in Urban Macro
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(b) Coupling loss
Figure 2 Distribution of DL Geometry and Coupling loss for AR/VR case in Indoor
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