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Introduction
[bookmark: _Ref178064866]After clarification of eURLLC study item a transport industry use case including remote driving was explicitly added [1]. In this contribution we evaluate reliability and latency performance of URLLC remote driving use case by link and system level simulations.
Assumptions on system and link level simulations are based on the conclusion in [2] with some modifications. The assumptions are provided in appendix. The evaluation results show SINR distributions, and percentage of users satisfying latency and reliability requirements.

Discussion
According to [2], requirements for transport industry use cases are given in Table 1 below.

Table 1: Assumption of reliability requirement for transport industry use case

	Use case
(Clause #)
	Reliability (%)
	Latency (ms)
	Data packet size and traffic model

	Transport Industry
(22.186: 5.5)
Remote driving 

	99.999
	5 (end to end latency)

Note: 3ms air interface latency 
	For UL: 
2.5 Mpbs; Packet size 5220 bytes
For DL: 
1Mbps; Packet size 2083 bytes
Note: Data arrival rate 60 packets per second for periodic traffic model

	Transport Industry
(23.501, 22.261)
Intelligent transport system (ITS)
	99.999
	10(end to end latency)
Note: 7ms air interface latency
	UL&DL: 
1.1 Mbps, Packet size 1370 bytes 
Note: Data arrival rate 100 packets per second for periodic traffic model




System Level Simulation
Based on system level simulation assumption in Table A-1 in the appendix, the network is simulated for remote driving scenario. To avoid any confusions, it is important to note, that common hexagonal layout has been used. 
Since 30 kHz SCS is being used, a 3-ms air interface latency budget corresponds to 6 slots. Within this time limit, there could be many transmission strategies proposed, including segmentation or slot aggregation due to the very large UL packets. In this contribution we consider the slot aggregation approach because it is simpler and easier to explain. 
Taking into account the fact that mini-slot repetitions are not allowed and that transmissions may not cross border in Rel-15, the slot-based transmissions are used for this scenario where the number of PUSCH slots aggregated can be 1,2,4 or 8. However, since the PUSCH preparation time is 5.5 symbols (i.e., N2 = 5.5 symbols according to UE processing capability #2), the UE requires at a minimum 5.5 symbols from data arrival until PUSCH transmission. With an assumed one-slot gNB processing time we note that more than 2 repetitions are not possible since the alignment delay in UE can be up to one slot. Since traffic is predictable either configured grant or grant-based PUSCH is possible. For grant-based PUSCH, gNB can send a grant to be valid when data arrive in UE buffer without needing to wait for a SR from UE.
Due the smaller packets, DL is less challenging where slot-based single-transmission is used. Processing times in UE and gNB does not allow HARQ-based re-transmissions. 
We obtain DL and UL equalized SINR distribution with periodic traffic arrival assumption as shown in Fig. 1 below. We note that more aggressive power control parameters in UL are applied to ensure URLLC probability. Another modification of agreed assumption is related to layout, where we show result for the hexagonal deployment instead.
 [image: ]
Figure 1: DL and UL equalized SINR distribution.

Figure 1 shows that UL Equalized SINR distribution is inferior to DL. Hence UL performance is the bottleneck in URLLC design. To avoid any confusions, it is important to mention that the equalized SINR is not comparable with SINR geometry and is given to show the performance difference between UL and DL.
The number of CCEs allocated for PDCCH per UE is typically 1 CCE wherein only a few percent of PDCCH transmissions use higher aggregation level. Highest aggregation used is 8 CCEs. The PDCCH is hence likely not the main limiting factor for this scenario. The 95-percentile of RB allocation size per UE is ~48 RBs for DL and ~82 RBs for UL. The mean and standard-deviation of percentage of UEs meeting URLLC requirements is according to Table 1.

Table 1: Percentage of UEs fulfilling URLLC requirements
	
	Mean
	Standard deviation

	Downlink
	96.9%
	1.9%

	Uplink
	60.5%
	4.8%



[bookmark: _Toc535001300]With the system level simulation assumption in Table A-1 for transport industry use case:
· [bookmark: _Toc535001301][bookmark: _GoBack]95% of UEs fulfilling URLLC requirements can be reached for DL
· [bookmark: _Toc535001302]Only 60% of UEs fulfil URLLC requirements for UL with two repetitions. FFS if segmentation can perform better 
Figure 1 shows that UL Equalized SINR distribution is inferior to DL. Hence UL performance is the bottleneck in URLLC design.
Link Level Simulation
The simulation results for PDSCH/PUSCH presented here are based on simulation assumption in the Appendix to the paper (Table A-2). We simulated ITS and Remote driving scenarios with different packet sizes.
Due to big packet sizes and not extreme latency requirements the best option is to use slot-based transmissions (14 os). According to latency evaluation presented in [3] (table 4), there are following HARQ options available.
· For ITS scenario (7 ms latency) up to two HARQ retransmissions is available (5.18 ms latency) for both in DL and UL.
· For Remote driving scenario (3 ms latency) in UL and DL there is time for initial transmission only, but in principle if slot aggregation with AF=2 is used, one HARQ retransmission can be done.
We also simulated the case with half the packet size, assuming the large incoming packet can be fragmented, and the fragments are transmitted in a burst.
The preliminary simulation results for ITS scenario are shown in Figure 2 and 3, while results for Remote driving scenario are shown in Figure 4 and 5.

[image: ]
Figure 2: PDSCH BLER vs. SNR for ITS scenario.
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Figure 3: PUSCH BLER vs. SNR for ITS scenario.
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Figure 4: PDSCH BLER vs. SNR for Remote Driving scenario.
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Figure 5: PDSCH BLER vs. SNR for Remote Driving scenario.

Summary of results is presented in the Table 2. 

Table 2: SNR required to fulfill BLER 10-5 reliability target.
	
	Downlink
	Uplink

	ITS
	-5.43 dB
	-6.76 dB

	Remote driving
	-0.62 dB
	2.66 dB



[bookmark: _Toc535001303][bookmark: _Hlk535001261]According to link level simulations for ITS scenario the SNR required to fulfill BLER 10-5 reliability target is -5.43 dB (downlink) and -6.76 dB (uplink).
[bookmark: _Toc535001304]According to link level simulations for Remote driving scenario the SNR required to fulfill BLER 10-5 reliability target is -0.62 dB (downlink) and 2.66 dB (uplink).

[bookmark: _In-sequence_SDU_delivery]Conclusion
This contribution provides the evaluation results for the transport industry scenario. In section 2 we made the following observation.
Observation 1	With the system level simulation assumption in Table A-1 for transport industry use case:
	95% of UEs fulfilling URLLC requirements can be reached for DL
	Only 60% of UEs fulfil URLLC requirements for UL with two repetitions. FFS if segmentation can perform better
Observation 2	For ITS scenario the SNR required to fulfill BLER 10-5 reliability target is -5.43 dB (downlink) and -6.76 dB (uplink).
Observation 3	For Remote driving scenario the SNR required to fulfill BLER 10-5 reliability target is -0.62 dB (downlink) and 2.66 dB (uplink).
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Appendix
[bookmark: _Ref477421090]Table A-1: System level simulation assumption
	Parameters
	Value

	Layout
	Single layer - Macro layer: Hex. Grid
7 sites with 3 sectors

	Inter-BS distance
	500m

	Carrier frequency
	4 GHz

	Channel model 
	UMa in TR 38.901

	UE Tx power
	23dBm

	BS antenna configurations
	8Tx/8Rx ports; 3 degrees electrical antenna tilt

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5dB

	UE antenna configuration
	2 Tx/4 Rx antenna ports

	UE antenna height
	Follow the modelling of TR 38.901 (3m)

	UE antenna gain
	0dBi 

	UE receiver noise figure
	9 dB

	Total transmit power per TRxP
	49 dBm 

	Simulation bandwidth 
	40 MHz DL and 40 MHz UL

	Duplex mode
	FDD

	SCS 
	30 kHz

	UE distribution
	100% of users are outdoors 

	Traffic
	Periodic, 60 packets/sec, 
TBS DL: 5220 bytes, TBS UL: 2083 bytes

	UE power control
	alpha = 0.8, target SINR = 50 dB

	HARQ/repetition
	DL: Single-transmission, UL: 2 repetitions

	Channel estimation
	Ideal

	UE speed
	60 km/h



Table A-2: Link level simulation assumption
	Parameters
	Value

	Carrier frequency for evaluation
	4GHz

	Channel model
	TDL-C (delay spread: 300ns) as in 38.901

	UE speed
	60 km/h for remote driving and ITS;

	BS antenna configuration
	4 Tx/4 Rx antenna ports

	UE antenna configuration
	2 Tx/4 Rx antenna ports

	System bandwidth
	40 MHz

	Sub-carrier spacing
	30 kHz

	Channel estimation
	Practical

	Receiver type
	MMSE

	Time allocation
	14 os

	TBS
	Remote driving: 5220/2610 bytes in UL and 2083/1042 bytes in DL
ITS: 1370/685 bytes in UL and DL

	Additional info 
	BLER curves are extrapolated by linear function in log domain
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