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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we provide system-level performance evaluations including the reservation for initial transmission, and zone-based resource allocation for NR-V2X mode 2. 
System-level evaluation assumptions
The basic profiles are shown in Table 1. The other simulation assumptions follow TR 37.885. 
[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
	Mode 2 with sensing

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

	Synchronization
	ideal time frequency synchronization

	Link type
	Direct vehicle-to-vehicle link

	VUE antenna model
	TR 37.885 Option 1

	MIMO scheme
	SFBC

	Traffic model
	Periodic-2: Medium intensity, 10/25/50 ms inter-packet arrival, 50% vehicles generate packets.

	Deployment and UE drop
	Highway-A

	Number of Tx/Rx antennas
	2Tx/4Rx 



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

Reservation for an initial transmission
Highway-A UE drop
The groupcast performance for highway-A deployment is given in this sub-section. 
Periodic-2 traffic
According to the email discussion [98b-NR-14], the following proposal are achieved:
· Alt. 1-1: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for retransmission(s) of a TB with a larger number of sub-channels, where PSSCH REs are occupied by 2nd stage SCI and by SCH 
· 1 bit indication is carried in 1st stage SCI to distinguish the single sub-channel
· TBS is determined based on number of sub-channels indicated for reserved resource(s)
· RV is determined based on explicit field in 2nd stage SCI (as agreed)
· Alt. 1-2: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for the initial transmission and possibly retransmission(s) of a TB with a larger number of sub-channels, where all available PSSCH REs in the single sub-channel PSCCH+PSSCH are occupied only by 2nd stage SCI 
· 1st stage SCI indicates that PSSCH REs are occupied by 2nd stage SCI
· Alt. 2: Do not support the different number of sub-channels between initial transmission and reservation of resource(s) for retransmission(s) 
· Alt 1 is not supported in this case

In this contribution, we provide the simulation results for the three resource reservation options above. The maximum number of transmissions including reservation, initial transmission and retransmission is two. The groupcast with HARQ feedback is considered, the number of retransmission depends on the HARQ feedback reported by all the receivers. The periodic-2 traffic model defined in [3] with 10ms inter-packet arrival is simulated. The ratio of vehicles generating packets is 50%. 

As shown in Figure 1, the initial transmission is performed by a single sub-channel PSCCH+PSSCH with a relatively high MCS for Alt.1-1, where PSSCH RE are occupied by 2nd stage SCI and by SL-SCH, then one possible retransmission based on HARQ feedback is followed. As for Alt.1-2, the single sub-channel reservation signal only carries 1st stage + 2nd stage SCI, and the initial transmission (comprising both SCI stages + PSSCH) is performed in a later slot. Different from the two options above, option Alt.2 assumes the non-reservation scenario which the initial transmission and the possible retransmission use the same number of sub-channels. 
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Figure 1: average PRR for highway-A-Periodic 2

It can be observed that Alt.2 performs better than the other two schemes. Compared with Alt.1-1, Alt.2 provides lower MCS by the larger number of sub-channels for the initial transmission. Compared with Alt1-2, one more transmission opportunity based HARQ feedback can be obtained for Alt.2. Besides the less transmission resources, the RSRP measurement which determines the resource exclusion is inaccurate on the single sub-channel reservation, since the number of sub-channels and the index of sub-channel between the single sub-channel reservation and the following transmission are different.

Observation 1: Performance gains are observed in PRR for resource allocation without initial reservation as compared to with a single sub-channel reservation. 
Proposal 1: The different number of sub-channels between initial transmission and reservation of resource(s) for retransmission(s) is not supported in NR V2X mode 2.

[bookmark: _Ref129681832]Resource allocation with geo information
In RAN1#84, the following agreement on LTE –V2X were made in [1]:
Agreements:
· Sensing with semi-persistent transmission is supported
· UE transmits PSSCH (when data is available) on a selected set of periodically occurring resources until a resource reselection occurs
· Other details are FFS
· Sets of resources among which a UE selects can be restricted based on the geo information of the UE

In addition, the LS was sent to RAN2 to enable the mapping between set of geo information and a set of resources in [2].
In 5.10.13.2 of TR 36.331, the identity of the zone is defined as following: The UE shall determine an identity of the zone (i.e. Zone_id) in which it is located using the following formulae:
x1= Floor (x / L) Mod Nx;
y1= Floor (y / W) Mod Ny;
Zone_id = y1 * Nx + x1.
The parameters in the formulae are defined as follows:
L indicates the length of each geographic zone;
W indicates the width of each geographic zone;
Nx indicates the total number of zones that is configured with respect to longitude; 
Ny indicates the total number of zones that is configured with respect to latitude;
x is the distance in longitude between UE’s current location and geographical coordinates (0, 0) and it is expressed in meters;
y is the distance in latitude between UE’s current location and geographical coordinates (0, 0) and it is expressed in meters.
The bandwidth occupied by each zone is obtained by dividing the total bandwidth by the number of zones. The UE shall only use the frequency resource which corresponds to the defined Zone_id.

In this section, the system simulation evaluations with and without geo information restriction are provided. The basic profiles are shown in Table 1. The zone related parameters are defined by: L=200m, W=24m, Nx=6, Ny=1. Here the values of parameter above are selected with the consideration of BS and UE deployment defined in [3]. As shown in Figure 2, the six lanes defined in [3] for highway scenario are located from 37meters to 57meters in latitude.
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Figure 2: Zone_id definition

Highway-A UE drop
The groupcast performance for highway-A deployment is given in this sub-section. 
Periodic-2 traffic
The simulation results of PRR with and without zone dividing are shown in Figure 3- Figure 5. For resource allocation with zone restriction, the frequency resource is limited for each zone, especially for the scenario which the total bandwidth is narrow. For example, if the total bandwidth is 20 MHz as used in our simulation assumption, the available bandwidth for each zone is only 4 RB when the number of zone is 6. Therefore, the resource collision is more likely to happen. For Figure 3, the results for the low density periodic traffic with periodicity of 50ms is provide. It can be observed that the performances of the resource allocation with and without zone restrictions are similar. The main reason is the low density traffic which   reduces the probability of the collision. With the increasing of traffic density as observed in Figure 4, the resource allocation without zone restrictions performs better than resource allocation with zone, and the difference between these two schemes is more obvious under high density traffic in Figure 5. 
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[bookmark: _Ref521664145]Figure 3: Average PRR for highway-A-Periodic 2-low density traffic 
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Figure 4: Average PRR for highway-A-Periodic 2-medium density traffic 
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Figure 5: Average PRR for highway-A-Periodic 2-high density traffic 


Observation 2: Performance gains are observed in PRR for resource allocation without zone restrictions as compared to resource allocation subject to zones. 
Observation 3: With the increasing of traffic density, performance gains are more obvious for resource allocation without zone restrictions as compared to resource allocation subject to zones. 
Proposal 2: Resource allocation with zone-based restrictions is not supported in NR V2X mode 2.
Conclusions
In this contribution, system level evaluation results of NR V2X are presented. Based on the discussion, we make the following observations:
Observation 1: Performance gains are observed in PRR for resource allocation without initial reservation as compared to with a single sub-channel reservation. 
Observation 2: Performance gains are observed in PRR for resource allocation without zone restrictions as compared to resource allocation subject to zones. 
Observation 3: With the increasing of traffic density, performance gains are more obvious for resource allocation without zone restrictions as compared to resource allocation subject to zones. 

Proposal 1: The different number of sub-channels between initial transmission and reservation of resource(s) for retransmission(s) is not supported in NR V2X mode 2.
Proposal 2: Resource allocation with zone-based restrictions is not supported in NR V2X mode 2.
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