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Introduction
[bookmark: _Ref129681832]This is a revision of paper [1]. 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 [2].
(1) Case 1: PDB = 5ms, PER = 10-4 and MDBV = 1354 bytes, required for Collision Avoidance andPlatooning 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;
The contribution mainly provides some basic analysis and simulation results for the feasibility of the above two cases.
Discussion 
Performance Evaluation for NR
Simulation results for Case 1
The QoS characteristics mentioned in the LS is used for SA2 and should be transformed into the requirements in RAN1 for performance evaluation. Firstly, PDB means packet delay budget, and could be simply deemed as the overall latency budget from server to device. The latency includes both the latency in core network and the air interface latency. Generally speaking, the latency in core network has been defined as 2 ms for remote driving in RAN1 [3], and we can reuse this setting. Secondly, PER means the overall packer error rate, and could be directly set as the packet error rate in air interface for simplify. Hence, the requirements on air interface latency and reliability could be set as 3 ms and 99.99%.
Then, we need to determine the traffic model for this case. For case 1, it is designed for Collision Avoidance and Platooning with high LoA, and the packet model for these applications is complex, including both periodic packet arrival and aperiodic packet arrival. Nevertheless, MDBV means Maximum Data Budget Value that should be delivered within the latency budget. Hence we can assume a most challenging traffic model, where the packet arrives in a periodic manner with an arrival interval of 5 ms and a packet size of 1354 Bytes. Table 1 shows the final RAN1 requirements for performance evaluation.
Table 1 Requirements for case 1 for performance evaluation in RAN1
	
	Air interface latency
	Reliability
	Traffic model

	Case 1
	3 ms
	99.99%
	Periodic with a packet size of 1354 Bytes and an arrival interval of 5 ms



We perform the performance evaluation for 4 GHz assuming FDD system in Urban Macro deployment. Note that the single layer SU-MIMO scheme is used to improve the transmission reliability. The available bandwidth is 40 MHz for DL and 40 MHz for UL, and the number of UEs per cell is set as 10. Other simulation assumptions fully follow the agreed assumptions for Remote Driving in RAN1 and could be found in Table A in Appendix [4]. With respect to the detailed simulation methodology,  including how to model the processing time at gNB/UE, how to design the UE scheduling and how to set the control and reference signal overhead, readers could also refer to the explanation in our companion paper [4]. 
The results are shown in Table 2 below, in which the TTI length is set as 7OS and the total overhead is 21.4% in both DL and UL. It could be found that the downlink performance is good and about 98.3% UEs could satisfy the latency and reliability requirements. However, the uplink performance is very poor, and only 58.7% UEs with GB could satisfy the latency and reliability requirements. The detailed results show that the packet errors in the uplink transmission comes from two reasons, the packet congestion and the error decoding. Meanwhile, since the uplink transmission capability is weaker compared to the downlink, its resource utilization is much larger. If we use GF PUSCH scheme and allocate all resources equally to all UEs, the performance would be improved, i.e., about 65% UEs could satisfy the latency and reliability requirements. The performance gain comes from the rigid but robust resource allocation. 
Note that for uplink, if enhanced spatial multiplexing scheme (e.g., MU-MIMO) and enhanced receiver are adopted to enable spectrum sharing among UEs, the resource utilization and packet congestion would be reduced and hence the ratio of UEs satisfying the latency and reliability requirements could be improved.
Table 2 Ratio of UEs satisfying requirements and resource utilization for Case 1
	
	DL
	GB UL
	GF UL

	UE ratio
	98.3%
	58.7%
	65%

	RU
	21.76%
	57.2%
	100%


Observation 1: For the periodic traffic model with an arrival interval of 5 ms and a packet size of 1354 Bytes in case 1, the performance in 4 GHz assuming FDD system with 40 MHz bandwidth and 10 UEs per cell is as follows: 
· About 98% UEs could achieve 3 ms latency and 99.99% reliability for the downlink transmission;
· About 59% and 65% UEs could achieve 3 ms latency and 99.99% reliability for the uplink transmission when GB PUSCH and GF PUSCH schemes are used respectively.
Simulation results for Case 2
For case 2, PDB = 1.5 ms which is quite tough. Since the latency in core network is at least 1 ms, then the air interface latency is at most 0.5 ms. Hence the air interface latency and reliability requirements from the QoS characteristics can be set as 0.5 ms and 99.999%. Similarly, case 2 is designed for Emergency Trajectory Alignment and Sensors information Sharing with high LoA, and the packet model for these applications includes both periodic packet arrival and aperiodic packet arrival. The MDBV is 1330 Bytes, and hence we can make the performance evaluation for the most challenging model, i.e., period traffic model with an arrival interval of 1.5 ms and a packet size of 1300 bytes. Table 3 shows the final RAN1 requirements for performance evaluation
Table 3 Requirements for case 2 for performance evaluation in RAN1
	
	Air interface latency
	Reliability
	Traffic model

	Case 2
	0.5 ms
	99.999%
	Periodic with a packet size of 1300 Bytes and an arrival interval of 1.5 ms



Since 0.5 ms latency cannot support even one UL transmission if GB PUSCH scheme is used, we only evaluate the performance for DL and GF PUSCH. Here the number of UEs per cell is assumed to 5, and the TTI length is assumed to 2 OS and the overhead is set as 37.5%. Other simulation assumptions remain the same for Case 1. 
The results are shown in Table 4 below. It is found that no UEs could satisfy 0.5 ms latency and 99.999% reliability in the downlink transmission, while the resource utilization is already very large, i.e., 44.1%. The detailed results show that the packet error mainly comes from the congestion, and hence the performance cannot be improved by some robust MCS selection scheme which would increase resource consumption and lead to more serious congestion. It is expected that if MU-MIMO and enhanced receiver are supported to enable spectrum sharing among UEs, the congestion would be alleviated, and hence the downlink performance could be significantly improved.
For the uplink, the performance is also not good, but 50% UEs could satisfy 0.5 ms latency and 99.999% reliability. This is because we pre-allocate all resources equally to active UEs and hence the packet transmission for cell-edge UEs would not block other UEs. Then the UEs with good channel condition, e.g., cell-center UEs, could survive with suitable resource allocation and MCS selection.
Table 4 Ratio of UEs satisfying requirements and resource utilization for Case 2
	
	DL
	GF UL

	UE ratio
	0%
	50%

	Resource Utilization
	44.1%
	100%


Observation 2: For the periodic traffic model with an arrival interval of 1.5 ms and a packet size of 1300 Bytes in case 2, the performance in 4 GHz assuming FDD system with 40 MHz bandwidth and 5 UEs per cell is as follows:
· No UEs could achieve 0.5 ms latency and 99.999% reliability for the downlink transmission;
· About 50% UEs could achieve 0.5 ms latency and 99.999% reliability for the uplink transmission when GF PUSCH scheme is used.
To sum up, if we assume  traffic models in table 1 for case 1 and table 2 for case 2, QoS combinations in case of 40 MHz bandwidth and 10/5 UEs in 4 GHz FDD system are not feasible over NR Rel-15 Uu link，some technologies enhancements in Rel-16 URLLC SID and MIMO WID will be helpful for improving feasibility. However, the traffic model as well as the vehicle density greatly impacts the system performance, and hence further study on the performance evaluation is needed if SA2 could provide detailed traffic model and requirements on UE density.
Proposal 1: RAN1 asks SA2 to provide detailed traffic models and requirements on UE density for the combinations of QoS characteristics values, and will further perform performance evaluation to check the feasibility.
Performance Evaluation for LTE
Different from the simulation in NR, the simulation in LTE is based on data repetition since the HARQ-ACK RTT is much larger in LTE. Moreover, since the maximum bandwidth in LTE is 20 MHz per component carrier (CC), carrier aggregation (CA) in simulations are used. Specifically, two CCs are used with each CC having 20 MHz bandwidth. Other simulation assumptions are given in Table B in Appendix.
For case 1, the scheduling unit could be either sub-frame or short TTI since the latency budget of 4 ms is large enough. By contrast, the scheduling unit in case 2 is set as short TTI since the latency budget of 0.5 ms is even smaller than one sub-frame. 

Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, simulation results are provided to evaluate whether the new combinations of QoS characteristics values are feasible or not in RAN1. Observations and proposals include the follows.
Observation 1: For the periodic traffic model with an arrival interval of 5 ms and a packet size of 1354 Bytes in case 1, the performance in 4 GHz assuming FDD system with 40 MHz bandwidth and 10 UEs per cell is as follows:
· About 98% UEs could achieve 3 ms latency and 99.99% reliability for the downlink transmission;
· About 59% and 65% UEs could achieve 3 ms latency and 99.99% reliability for the uplink transmission when GB PUSCH and GF PUSCH schemes are used respectively.
Observation 2: For the periodic traffic model with an arrival interval of 1.5 ms and a packet size of 1300 Bytes in case 2, the performance in 4 GHz assuming FDD system with 40 MHz bandwidth and 5 UEs per cell is as follows:
· No UEs could achieve 0.5 ms latency and 99.999% reliability for the downlink transmission;
· About 50% UEs could achieve 0.5 ms latency and 99.999% reliability for the uplink transmission when GF PUSCH scheme is used.
Proposal 1: RAN1 asks SA2 to provide detailed traffic models and requirements on UE density for the combinations of QoS characteristics values, and will further perform performance evaluation to check the feasibility.
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Appendix
[bookmark: _Ref528246479]Table A Simulation assumptions for R15 NR
	Parameters
	Value

	Layout
	Single layer - Macro layer: 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

	Carrier frequency
	4 GHz

	Duplex model / Simulation bandwidth
	FDD / 40 MHz for both DL and UL

	SCS / Cyclic Prefix
	30 kHz / NCP

	Channel model 
	UMa in TR 38.901

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

	UE antenna configuration
	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)
 (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
	Urban A in 37.885
- Vehicle type distribution: 100% vehicle type 2.
- Vehicle speed is 60 km/h in all the lanes.

	Number of UEs per cell
	10

	Scheduling Algorithm
	Latency-based SU-MIMO

	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 B Simulation assumptions for R15 LTE
	Parameters
	Value

	Layout
	The same with Table A

	Inter-BS distance
	The same with Table A

	Carrier frequency
	The same with Table A

	Duplex model / Simulation bandwidth
	FDD / CA with 2 carriers, 20 MHz for each carrier for both DL and UL

	Channel model 
	The same with Table A

	BS antenna configuration
	The same with Table A

	UE antenna configuration
	The same with Table A

	Transmit power
	49 dBm per 20 MHz at BS and 23 dBm at UE

	Antenna height
	The same with Table A

	Antenna gain 
	The same with Table A

	Noise figure
	The same with Table A

	UE distribution
	The same with Table A

	Number of UEs per cell
	The same with Table A

	UE power control
	Open-loop power control 

	HARQ/repetition
	Repetition

	Channel estimation
	The same with Table A

	BS receiver
	The same with Table A

	URLLC/eMBB Co-existence
	The same with Table A

	Others
	The same with Table A



