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Introduction
[bookmark: _Ref129681832]In the RAN1#95 meeting, SA2 sent a LS to RAN1 and RAN2 to ask whether the following two combinations of QoS characteristics values are feasible or not [1].
(1) Case 1: PDB = 5ms, PER = 10-4 and MDBV = 1354 bytes, required for Collision Avoidance and Platooning with high LoA;
(2) Case 2: DB ~1.5 ms, PER=10-5 and MDBV ~1300 bytes, required for Emergency Trajectory Alignment and Sensors information Sharing with high LoA;
In the RAN1#96 and #96b meetings, a lot of evaluations have been executed for these two combinations of QoS characteristics values. Since Case 1 is less challenging than the remote driving requirements shown in Table 5.5-1 of TS 22.186 which already have been evaluated and found to be feasible, Case 1 is also expected to be feasible in RAN1. Accordingly, a LS response has been sent back to SA2 [2]. However, for Case 2, the latency budget is much smaller, and the feasibility of this case needs further evaluation. This paper discusses our evaluation methodology and provides simulation results for the feasibility validation.
Latency/reliability requirements and evaluation methodology
2.1 Latency and reliability requirements
As explained in the LS response [2], the delay between user plane function (UPF) and 5G-access network (5G-AN) has to be known in order to make a feasibility evaluation on air interface latency for Case 2. Since the addressed scenario is V2X, a more local deployment of UPFs is necessary, and hence we can assume 0.5ms delay between UPF and a 5G-AN for Case 2. Meanwhile, PER means the overall packet error rate, and is treated as the packet error rate in the air interface. 
Proposal 1: For Case 2, the air-interface latency is assumed as 1ms and the one-way air-interface reliability is assumed as 99.999%.
3.2 Evaluation methodology and simulation assumptions
As explained in our previous paper [3], using the IMT 2020 evaluation methodology is a suitable approach for the feasibility evaluation. In other words, we can adopt the link-level simulation which focuses on the single-link performance evaluation at different SINR and MCSs, to find certain conditions when Case 2 is feasible and when not. Specifically, we first acquire the SINR distribution for both DL and UL from the system-level simulation to identify the 95th percentile. Then, we use LLS to obtain the SNR-BLER curves for different simulation configurations. Finally, we check whether the target latency L and target BLER (1-R) is achievable at the 5% SINR value for different simulation configurations.
Proposal 2: IMT-2020 evaluation methodology is used to evaluate the feasibility of Case 2.
System-level simulation
The first step is to determine the system-level simulation assumptions to get the distribution of the DL SINR and UL SINR. From this we can read out the 5% SINR point, denoted as SINRT. Table 2 in the Appendix shows the proposed assumptions, which mainly refer to simulation assumptions agreed for performance evaluation in Urban Macro in RAN1 #94b meeting [4]. Some assumptions are critical for the achieved SINR distribution, including the deployment scenario (also named as layout), the carrier frequency, the transmit power and the frequency bandwidth. Generally speaking, we can refer to the assumptions agreed for Transport Industry in [4], i.e. assuming the Urban Grid deployment with an inter-site-distance ISD of 500 m and 4 GHz carrier frequency. However, since we aim to perform a feasibility evaluation, a larger bandwidth (e.g. 200 MHz) can be assumed, which is also available at 4 GHz carrier frequency. Finally, as suggested in [5] and [6], it is better to preclude the precoding gain and only output pre-processing SINR distribution for the following link-level simulations to save simulation time.
Based on the assumptions in Table 3, the distributions of the pre-processing SINR in DL and UL are plotted in Figure 1. Note that the DL SINR is obtained by assuming that the transmit power at the gNB is scalable with bandwidth, while the UL SINR is obtained when the whole bandwidth is allocated to one UE to achieve minimum coding rate.
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[bookmark: _Ref16248854]Figure 1 SINR distribution in DL and UL at 4 GHz and in Urban Macro deployment
According to the simulation results, the 5% SINR points are listed in Table 1 below.
[bookmark: _Ref4838525]Table 1 5% SINR point in DL and UL (in dB)
	Bandwidth 
	40 MHz
	100 MHz
	200 MHz

	UL
	-9.4
	-11.6
	-13.4

	DL
	-3.3


Link-level simulation
The second step is to determine the link-level simulation assumptions to get the SNR-BLER curves for different configurations. Table 4 in the Appendix shows the proposed simulation assumptions, which mainly refer to the simulation assumptions agreed for performance evaluation in Urban Macro in RAN1 #94b meeting [4]. Since the objective is to evaluate the feasibility, it is suggested to also consider a higher UE transmit power (e.g. 26 dBm) and other potential antenna configurations (e.g., 16 Tx/16 Rx and 32 Tx/32 Rx) that could be used at the gNB in the future.
Then we can consider several typical system configurations for feasibility evaluation. The considered configuration parameters mainly include the carrier frequency, the bandwidth, the antenna configuration and the MCS index. Moreover, since the latency is so small, one-shot transmission is considered. Then, the available number “N” of REs for data transmission could be computed as







where  is the available number of RBs within the system bandwidth B after precluding guard band, =12 is the number of subcarriers per RB,  is the number of symbols per second,  is the total overhead for control and reference signal, and  is the processing time required at gNB and UE. 
To investigate the feasibility, a more “future proof” assumption is made on the gNB and UE processing capability, i.e. it is assumed that the gNB and the UE together consume 0.25ms of the delay budget. The overhead is set to 20%. The number of available RBs for 40MHz / 100MHz / 200MHz bandwidth are 106 / 273 / 546, and hence the effective coding rate is about 1300*8/N = 0.4867, 0.189 and 0.0945 respectively. The effective coding rate can be approximated as MCS index 9 (i.e., 251/1024 & QPSK), MCS index 6 (i.e., 120/1024 & QPSK) and MCS index 2 (i.e., 50/1024 & QPSK) in the MCS table 5.1.3.1-3 [7]. 
Based on the above analysis, the link level simulation is performed and the results are shown below in Figure 2. 
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[bookmark: _Ref16248862]Figure 2 SNR-BLER curves for different bandwidth and antenna configurations, wherein the MCS indexes for 40 MHz and 100 MHz are #9 and #6 respectively
The required SINR to achieve 1e-5 BLER is listed in Table 2 below. Based on the results, the following observation is made.
Observation 1: For the second combination of QoS values,
· at least for 16Tx/16Rx at gNB and 100 MHz bandwidth, the 1e-5 target BLER can be achieved within 1ms air interface latency for 5% cell-edge UE in DL transmission
· at least for 32Tx/32Rx at gNB and 40 MHz bandwidth, the 1e-5 target BLER can be achieved within 1ms air interface latency for5% cell-edge UE in UL transmission
Table 2 Required SINR @1e-5 BLER (in dB), 2Tx/4Rx at UE
	Antenna Config.
	16Tx/16Rx at gNB
	32Tx/32Rx at gNB

	Bandwidth
	40 MHz
	100 MHz
	40 MHz
	100 MHz

	DL
	--
	-4.78
	--
	--

	UL
	--
	--
	-10.85
	--



To sum up, it is expected that the second combination of QoS values can be satisfied at least for the single-UE case with an advanced antenna configurations at the gNB (e.g., 16/Tx/16Rx and 32Tx/32Rx) and large bandwidths (40MHz and 100MHz).
Observation 2: The second combination of QoS values can be satisfied at least for a single UE in case of advanced antenna configuration and large bandwidth configuration.
Conclusions
In this contribution, we discuss the evaluation methodology and provide the simulation results to check whether the second combinations of QoS characteristics from SA2 are feasible from a RAN1 perspective. We make the following Observations and Proposals:
Proposal 1: For Case 2, the air-interface latency is assumed as 1ms and the one-way air-interface reliability is assumed as 99.999%.
Proposal 2: IMT-2020 evaluation methodology is used to evaluate the feasibility of Case 2.
Observation 1: For the second combination of QoS values,
· at least for 16Tx/16Rx at gNB and 100 MHz bandwidth, the 1e-5 target BLER can be achieved within 1ms air interface latency for 5% cell-edge UE in DL transmission
· at least for 32Tx/32Rx at gNB and 40 MHz bandwidth, the 1e-5 target BLER can be achieved within 1ms air interface latency for5% cell-edge UE in UL transmission
Observation 2: The second combination of QoS values can be satisfied at least for a single UE in case of advanced antenna configuration and large bandwidth configuration.
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Appendix
[bookmark: _Ref528246479]Table 3 System-level simulation assumptions to achieve the SINR distribution
	Parameters
	Value

	Layout
	Urban Grid: Road configuration in Figure 6.1.9-1 in 38.913 and BS placement as depicted in Figure A.1.3-1 in 36.885.

	Inter-BS distance
	500 m

	UE Distribution
	Urban A in 37.885
- Vehicles randomly dropped on all the lanes with a speed of 60 km/h.

	Carrier frequency
	4 GHz

	Simulation bandwidth
	40 MHz, 100 MHz, 200 MHz

	SCS
	30 kHz for NR and 15 kHz for LTE

	Channel Model
	UMa in TR 38.901

	Transmit Power
	49 dBm per 40 MHz at TRP, and 26 dBm at UE

	Antenna Height
	25 m for BS and 3 m for UE

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

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

	Antenna title 
	Companies report

	Power Control
	Companies report



Table 4 Link-level simulation assumptions to achieve the SINR-BLER curves
	Parameters
	Value

	Carrier frequency
	4 GHz

	Simulation bandwidth
	40 MHz, 100 MHz, 200 MHz

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

	UE speed
	60 Km/h

	BS antenna configuration
	16 Tx/16 Rx, 32 Tx/32 Rx

	UE antenna configuration
	2 Tx/4 Rx

	Sub-carrier spacing
	30 kHz for NR and 15 kHz for LTE

	Channel estimation
	Ideal / Practical

	Receiver type
	MMSE

	Q value (i.e. SINR range) 
	Companies report the 5% Q value 
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