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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
RAN1#94bis agreed to study SL support for unicast, groupcast, and broadcast communications including the following aspects [1]:
Agreements:
· In the context of sidelink CSI, RAN1 to study further which of the following information is useful in sidelink operation when it is available at the transmitter.
· Information representing the channel between the transmitter and receiver
· Information representing the interference at receiver
· Examples for this information are
· CQI, PMI, RI, RSRP, RSRQ, pathgain/pathloss, SRI, CRI, interference condition, vehicle motion
· FFS including
· Such information can be acquired using reciprocity or feedback
· Time scale of the information
· Which information is useful in which operation and scenario
In this contribution, we provide system-level performance evaluations based on CSI feedback.
[bookmark: _Ref129681832]System evaluation assumptions
In this paper, the system simulation evaluations between the open-loop MIMO with fixed MCS and closed-loop MIMO with AMC are provided. The basic profiles are shown in Table 1. The other simulation assumptions follow TR 37.885. SFBC is used for transmit diversity in open-loop MIMO, and NR type-1 codebook is used for closed-loop MIMO precoder matrix selection. For resource allocation, both schemes use NR SL Mode 1 with dynamic grants. Transmission for one-shot transmission without HARQ is evaluated in this contribution.

[bookmark: _Ref520964094][bookmark: _Ref521488396]Table 1: Basic simulation assumptions for V2V links
	Parameter
	Assumption

	Frequency
	6 GHz

	Simulation bandwidth
	20 MHz

	Sub-carrier spacing 
	60 kHz

	Scheduling
	NR-V2X resource allocation mode 1

	SA assumption
	FDM multiplexing with data. SA occupies 2 RBs

	In-band emission
	According to TR 36.885 evaluation assumptions, with {W, X, Y, Z} = {3, 6, 3, 3}

	Synchronization
	deal time frequency synchronization

	Link type
	Direct vehicle-to-vehicle link

	VUE antenna model
	TR 37.885 Option 1

	MIMO scheme
	SFBC/NR type-1 codebook

	Traffic model
	Periodic: Medium intensity, 25 ms inter-packet arrival, 100% vehicles generate packets.
Aperiodic: Medium intensity, 100% vehicles generate packets.

	Deployment and UE drop
	Highway: Option A

	Number of Tx/Rx antennas
	2Tx/4Rx



For RB allocation, when one packet is too big to fit into one slot, the packet is segmented into several smaller packets. The calculation and statistics of PRR follow TR 37.885. Packets that are available at the UE, but not scheduled, thus not transmitted, are included in the PRR computation. 

System evaluation results for 6 GHz
Unicast evaluation 
In this section, the performance of unicast transmission for highway scenario is evaluated. The receiver is randomly selected among the UE located from 320 meters from the transmitter for the highway-A drop.
Highway-A UE drop
The unicast performance for highway-A deployment is given in this sub-section. 
Periodic-2 traffic
According to the definition of Periodic -2 traffic in the system level simulation profile in RAN1#94bis, the packets size is defined as 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8. For open-loop MIMO mode, one conservative MCS value is chosen due to lack of CSI. For Periodic-2 traffic, the fixed TB size is 600 bytes and the number of resource block allocated for one UE is 25. Packets larger than 600 bytes are segmented.
The simulation results of open-loop and closed-loop MIMO modes with Periodic-2 traffic profile (Medium intensity; 50ms inter-packet arrival; 50% vehicles generate packets) in RAN1#94bis are shown in Table 2. Due to the low traffic density in Periodic-2, the performance of the two schemes are close to optimal. The differences between open-loop and closed-loop MIMO modes are negligible.
Table 2: Unicast performance evaluation for Highway-A-Periodic 2
	MIMO mode
	Performance metric

	
	PRR (%)
	Throughput(Mbps)
	PIR(s)

	Open-loop 
	99.84
	0.167
	0.050

	Closed-loop
	99.44
	0.166
	0.050



In order to see if the results hold when the conditions are more challenging, we ran simulations with the updated Periodic-2 traffic profile (30 ms inter-packet arrival, 100% vehicles generate packets), with results shown in Table 3. Under the higher traffic density, the advantage of AMC in closed-loop MIMO with CSI feedback can be observed. With channel information such as CQI, PMI, RI and RSRP, more accurate MCS and the reasonable precoder which fits the channel can be chosen for closed-loop than the relatively conservative MCS value in open-loop MIMO.
Table 3: Unicast performance evaluation for Highway-A-updated-Periodic 2
	MIMO mode
	Performance metric

	
	PRR (%)
	Throughput(Mbps)
	PIR(s)

	Open-loop
	73.59
	0.260
	0.040

	Closed-loop
	96.10
	          0.340
	0.031



Aperiodic-1 traffic
The traffic density of Aperiodic-1 traffic is also low. For open-loop MIMO mode, one medium TB size is configured as 800 bytes and the number of resource blocks allocated for one UE is 25. 
The simulation results of open-loop and closed-loop MIMO modes with Aperiodic-1 traffic profile in RAN1#94bis are shown in Table 4. Due to the low traffic density, the performance of the two schemes are also close to optimal.
Table 4: Unicast performance evaluation for Highway-A-Aperiodic 1
	MIMO mode
	Performance metric

	
	PRR (%)
	Throughput(Mbps)
	PIR(s)

	Open-loop 
	99.53
	0.142
	0.093

	Closed-loop 
	99.46
	0.142
	0.094



The simulation results with the more challenging inter-packet arrival time in Aperiodic -1 traffic profile (15 ms plus an exponential random variable with the mean of 15 ms) are shown in Table 5. Compared with the conservative MCS configuration in open-loop MIMO, the performance gains of closed-loop MIMO are clear.
Table 5: Unicast performance evaluation for Highway-A-updated-Aperiodic 1
	MIMO mode
	Performance metric

	
	PRR (%)
	Throughput(Mbps)
	PIR(s)

	Open-loop
	82.74
	0.354
	0.035

	Closed-loop
	92.43
	0.408
	0.031



The results together show that, particularly under more challenging traffic conditions in both periodic and aperiodic traffic modes, there is a clear gain for closed-loop MIMO compared to open-loop MIMO.
Observation 1: With CSI feedback, closed-loop MIMO achieves better performance than the open-loop MIMO for both Periodic -2 traffic and Aperiodic-1 traffic.
Conclusions
In this contribution, system level evaluation results of NR V2X are presented. Based on the discussion, we make the following observations:
Observation 1: With CSI feedback, closed-loop MIMO achieves better performance than the open-loop MIMO for both Periodic -2 traffic and Aperiodic-1 traffic.
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