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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: OLE_LINK12][bookmark: OLE_LINK15]In RAN Plenary #83 meeting, the work item on 5G V2X with NR sidelink was agreed [1]. The objective of the work item is to specify radio solutions that are necessary for NR to support advanced V2X services based on the study outcome captured in TR 38.885 [2]. The following aspects of mode 2 resource allocation were listed.
	· Mode 2
· Sensing and resource selection procedures based on sidelink pre-configuration and configuration by NR Uu and LTE Uu as per the study outcome



In the RAN1 #96bis meeting, some agreements were achieved as follows:
	Agreements:
· NR V2X supports an initial transmission of a TB without reservation, based on sensing and resource selection procedure
· NR V2X supports reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB, based on sensing and resource selection procedure
· This functionality can be enabled/disabled by (pre-)configuration
· FFS Standalone PSCCH transmissions for resource reservations are supported in NR V2X


In this contribution, we discuss mode 2 resource allocation related aspects for NR sidelink, including the following topics: 
· Basic principles of resource allocation mechanism
· Resource reservation
· Dynamic resource allocation
· Receiver based sensing
2. [bookmark: _Hlk4609948]Basic principles of resource allocation mechanism
According to the requirement of SA2, resource allocation mechanism should support both periodic and aperiodic traffic. The most stringent latency requirement in NR V2X is 3ms. For aperiodic traffic, if the semi-static resource allocation mechanism is enhanced as shortening the reservation period to satisfy the latency as in LTE V2X, it may increase the probability of the resource collision between different UEs. Then, it reduces resource efficiency. 
[bookmark: OLE_LINK16][bookmark: _Hlk4574961]Therefore, in our view, for periodic traffic, semi-static resource reservation mechanism can be enhanced to supported advanced V2X services in NR V2X. However, for aperiodic traffic, dynamic resource allocation should be supported. In order to meet NR V2X requirements, some principles are discussed in the following. 
· Multi-slot scheduling
[bookmark: OLE_LINK17][bookmark: OLE_LINK19]In NR V2X, for periodic traffic and aperiodic traffic, the packet size may be up to 60000 bytes and 30000 bytes based on the assumption defined in TR 37.885 [4]. In this case, the one-slot resource reservation may not be enough. Therefore, multi-slot resource reservation needs to be supported to transmit large packet. 
In another aspect, the reliability requirement in NR V2X needs to be 99.999% in some scenarios like emergency trajectory alignment and a higher degree of automation. Multi-slot resource reservation can be used for repetition as that in NR Uu to increase the reliability and reduce the latency. 
Consequently, multi-slot scheduling should be supported in NR V2X. One example of multi-slot scheduling is illustrated in Figure 1:
[image: ]
[bookmark: _Ref4614201][bookmark: _Ref4614182]Figure 1 One example of multi-slot scheduling
[bookmark: _Ref7346306][bookmark: _Ref4619500]Observation 1: Multi-slot scheduling is beneficial for the following cases: 
· A large size of TB spans multiple slots; 
· Transmissions/repetitions of a TB occupy multiple slots.
[bookmark: _Ref7806983]Proposal 1: Multi-slot scheduling should be supported in NR V2X.

· Shared resource pool for different services
In LTE V2X, only broadcast transmission is supported. UE reserves resource based on the results of sidelink control information (SCI) decoding and sidelink measurement in the sensing window. However, in NR V2X, data can transmit in unicast, groupcast or broadcast manner. Different transmission types can multiplex in the same resource pool for resource utilization efficiency. Noted that the QoS models for these services can be different between them. Moreover, HARQ feedback is not used for broadcast. Therefore, the resource allocation procedure may need to consider the transmission type, for example, to prioritize the broadcast transmission, or to enable HARQ feedback of some kind of transmissions. Therefore, we propose that transmission type should be considered when sensing procedure is performed.
[bookmark: _Ref4619504]Proposal 2: Transmission of unicast, groupcast and broadcast can be multiplexed in the same resource pool.
Proposal 3: Transmission type of unicast, groupcast and broadcast should be taken into consideration for resource reservation.
3. Resource reservation
· Resource reservation for initial transmission
In RAN1 96bis meeting, whether to reserve resource for initial transmission of a TB was discussed. It was agreed that resource for an initial transmission of a TB can be reserved at least by an SCI associated with a different TB. However, whether to support standalone PSCCH used for initial transmission needs further study. 
From technical point of view, resource reservation for the initial transmission is essential for sensing. Only by decoding the standalone reservation signal during sensing, a UE can get some information about resource occupation in advance, and can avoid to select the resource that may cause a collision. The preliminary simulation result in our previous contribution [3] already shows that resource reservation for the initial transmission has better performance than that without reservation. 
The arguments on supporting the standalone reservation includes the additional latency of reservation, and the increased packet loss due to half-duplex issue. However, these arguments are not valid issues.
From the latency point of view, firstly, the latency caused by the delay between the standalone PSCCH reservation and the associated PSSCH transmission is not an issue, if it is always within the latency budget. This can be guaranteed by adopting a flexible window size for reservation, taking into account the latency characteristic of the packet. 
Moreover, without standalone reservation, the initial transmission can be sent immediately in the slot after packet arrival, or in a random backoff manner associated a counter (as discussed in section 4.2). The first alternative obviously leads to higher packet loss due to higher collision rate, while the second alternative inevitably results in additional latency caused by the counter – same as or even worse than the reservation scheme. 
[bookmark: _Ref7599163]Observation 2: The delay between the standalone PSCCH reservation and the associated PSSCH transmission is not an issue, as long as the delay is within the latency budget.
Regarding the half-duplex issue, it happens only if the standalone reservation and the scheduling SCI are multiplexed in the same PSCCH. In this case, a UE sending a standalone reservation miss all the other transmissions in the same slot due to half duplex issue. However, as discussed in [5], the standalone reservation can be sent in a separate PSCCH. By this way, the UE sending a standalone reservation can still receive other transmissions, i.e. no half-duplex issue occurs. The only concern may be the increased overhead due to the standalone PSCCH. Nevertheless, this is a tradeoff between the overhead and PRR performance, and the simulation results demonstrates that this tradeoff is desirable. Further details and simulation results can be found in section 4. 


Figure 2 Transmitting standalone PSCCH and receiving data in the same slot
[bookmark: _Ref7599168]Observation 3: Initial transmission without standalone reservation leads to higher packet loss due to higher collision rate.
[bookmark: _Ref7599174]Observation 4: Counter-based resource allocation scheme inevitably results in additional latency caused by the counter.

· Resource reservation with HARQ feedback
HARQ feedback is supported in unicast and groupcast scenarios. If HARQ feedback is enabled together with multi-slot resource reservation, some of the reserved resource for retransmission would not be used if positive acknowledge is received by the transmitter UE. These resources can be released, so that they could be reused by other UEs, to improve resource utilization efficiency. 
In order to reuse the released resource, other UEs need to get the resource release announcement. In general, there are basically two approaches. One way is that other UEs (beside the transmitter and the receiver UEs) sense the feedback signaling to deduce the resource release announcement. Nonetheless, this scheme significantly increases the complexity of design and implementation. Another way is to reuse the standalone PSCCH reservation signaling as an unbooking indication to release the reserved resource.
[bookmark: _Ref7346326]Observation 5: If HARQ feedback is enabled together with resource reservation, the standalone PSCCH can be reused for resource release announcement unbooking indication may need to be supported. 

· Pre-emption mechanism
Congestion control is very important to ensure the QoS requirements in the heavy load scenario. Pre-emption mechanism is the basic mechanism to guarantee the transmissions of low latency or high priority packet. Therefore, it should be introduced in NR V2X. 
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]The pre-emption can be performed using the standalone PSCCH format. This PSCCH is transmitted after the arrival of the packet but ahead of the transmission of the associated aperiodic PSSCH. The SCI content of this PSCCH could contain resource reservation information and traffic relevant information (e.g. packet latency or priority). One example is illustrated in Figure 3 for periodic or aperiodic packets.


[bookmark: _Ref4614487]Figure 3 pre-emption mechanism
[bookmark: _Ref7599183][bookmark: _Ref4619507]Observation 6: Resource pre-emption mechanism is important to guarantee the low latency or high priority packet transmissions. 
[bookmark: _Ref7689085]Proposal 4: Standalone PSCCH transmissions is supported in NR V2X, for resource reservations, resource release announcement, as well as resource pre-emption mechanism.
[bookmark: _Ref7599247]Proposal 5: Priority and resource allocation information should be included in SCI to identify the occupied resource.
4. [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Dynamic resource allocation mechanism
According to above analysis, two dynamic resource allocation mechanisms were discussed. Both of them can work for periodic and aperiodic service. For dynamic resource allocation, sidelink PSCCH/PSSCH resource(s) are selected for single TB transmission.
4.1. Reservation-based resource allocation
· Sensing procedure
A UE performs a small-scale sensing within a sensing window in addition to the LTE mode-4 like large-scale sensing window. The sensing window is a time interval before resource (re)-selection trigger, whose duration can be determined based on the maximum latency requirement. In order to effectively reserve transmission resource, the SCI containing resource reservation information (i.e. the standalone PSCCH) should be sent before the packet transmission, as illustrated in Figure 4. The PSCCH used for resource indication or unbooking could be taken into consideration. Each UE decodes SCI slot by slot to get the priority and detailed resource allocation information. If the decoded priority is lower than itself, it treats the resource as a candidate resource. Besides, if other UEs reserve several slots but only use part of them according to the actual arriving packet size, a UE can reuse the unoccupied resources according to the resource allocation. Then, UE executes resource selection procedure at the trigger time.
This mechanism balances the reliability and latency. Some simulation results of this scheme are provided in section 4.3.


[bookmark: _Ref4614538][bookmark: _Ref534812379]Figure 4 One example of cross-slot scheduling/resource reservation
· Resource selection procedure
Resource selection window is a time interval between the resource (re)-selection trigger and selection window boundary, which is determine by the packet arrived time and packet latency. For resource selection, firstly, UE identifies occupied resources through decoding PSCCH (RSRP values exceeding the relevant threshold) and conducting sidelink measurements. Then, UE considers the information about its own traffic parameters (e.g. QoS attributes) and assistance information from other UE and selects resources from the candidate resource set. The granularities on resource (re)-selection could be PRBs or sub-channels for frequency domain and slots for time domain. One example is illustrated in Figure 5.


[bookmark: _Ref4614638]Figure 5 One example of reservation-based transmission mechanism
4.2. Counter-based resource allocation
· Resource allocation procedure
Counter based resource allocation is another dynamic resource allocation scheme. Firstly, a UE performs sensing to identify the occupied resource. Then, a UE selects a counter value when a packet arrives and count down when the resource is unoccupied. The process can be described as follows:
1) When a packet arrives, the UE activates a counter.
2) If the counter is zero, it transmits immediately in the current slot.
3) The UE selects a candidate resource and evaluates whether the resource is occupied. If the following conditions are satisfied, it identifies the resource as occupied:
a) The result of RSRP measurement associated with the SCI decoding is higher than a threshold.
b) The result of RSSI measurement is higher than a threshold.
4) If the slot is unoccupied, the UE decreases its counter. The decreasing is based on the number of sub-channels in a slot.
5) When the counter is larger than zero, the UE repeats the procedure from step 3). Otherwise, the UE transmits in the next candidate resource. The sub-channel selected by the UE is determined based on the counter to avoid potential collision between UEs. 
Some examples are illustrated in Figure 6. In Figure 6(a), only one single sub-channel is assumed in a slot for simplification. In Figure 6(b), three sub-channels are assumed and multiple UEs could transmit at the same time.
[image: ]
(a) Only one sub-channel is assumed
[image: ]
(b) Multiple sub-channels are assumed
[bookmark: _Ref4614672][bookmark: _Ref534812438]Figure 6 Examples of counter based resource allocation mechanism
For counter-based resource allocation, the counter value can be generated by the UE according to a random distribution. However, considering that transmissions from different UEs for different services may have different QoS requirement, the counter determination can further consider the QoS parameter of the packet to achieve better system performance. For instance, the latency requirement can be considered in generating  the initial value of a counter. Lower latency requirement may be mapped to a smaller value, which is helpful to reduce the channel access delay.
Similarly, the RSRP/RSSI threshold used in step 3) may also be adjusted based on the QoS requirement. If the UE did not acquire the channel resource successfully in a period, the RSRP/RSSI threshold could be adjusted to a lower value to increase the success rate of channel access. In this method, it trades off between reliability and possibility of a transmission opportunity which is beneficial to accommodate the dynamic variation of the traffic density.
· Potential issues
For the counter-based resource allocation, the counter is designed to distribute different UEs to different slots to avoid resource collision between UEs. However, it does not help too much when the number of UEs in the system becomes larger, as inevitably the same counter is used to multiple UEs.
To mitigate this issue, the sensing-and-stop mechanism is considered. More specifically, once a UE detect a valid transmission in a slot, it holds the counter until the next empty slot. The basic assumption behind is that, if a slot is occupied by one UE, it is likely that the next slot is also occupied by that UE. This assumption is valid only if multi-slot transmission is enabled for each TB. 
Given that each TB spans multiple slots, the bandwidth (or number of sub-channels) for each UE tend to be small compared with the channel bandwidth. Consequently, FDM between UEs as illustrated in Figure 6(b) is important, otherwise the resource efficiency would be very low. However, in this case, the packet loss due to half-duplex issue becomes severe. Firstly, increasing the number of transmission slots will increase the possibility of missing packet due to half-duplex. Secondly, increasing the number of FDM UEs will also increase the possibility of packet loss, because all the FDM UEs cannot receive the transmissions among each other due to half-duplex. Some simulation results can be found in section 4.3.
[bookmark: _Ref1044228]Observation 7: If FDM is not applied, the counter-based resource allocation may result in resource inefficient. However, if FDM is applied, it may suffer from increased packet loss rate due to half-duplex issue.
4.3. [bookmark: _Ref4614558][bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11]Preliminary evaluation results
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]In Table 1, it introduces the simulation scenario for aperiodic traffic. Corresponding system level evaluation assumption is illustrated in Table 2 shown in the Annex A. In this simulation, HARQ retransmission is modulated. The retransmission resource is reserved by the previous transmission, and would be released and reselected by other UEs. The packet size is uniformly random in the range between 200 bytes and 2000 bytes. The modulation order and code rate are defined related to the packet size. In the following simulations, the issue of half duplex is evaluated, i.e. when a UE transmits reservation indication or data, the UE cannot receive PSCCH and PSSCH from other UEs. 
Reservation based  transmission:
· Single slot resource allocation is implemented. The MCS is selected according to different TB sizes.
· The standalone PSCCH used for reservation of the initial transmission is modulated. 
Counter based resource allocation:
· Multi-slot resource allocations are implemented. The MCS is selected according to different TB sizes. The number of slot is adoptive to the TB size.
· The resource exclusion is based on sensing (i.e. SCI decoding).
[bookmark: _Ref4614775][bookmark: _Ref1044401]Table 1 Simulation parameters for aperiodic traffic
	Case index
	Bandwidth
	Inter-packet arrival interval (ms)
	Latency (ms)
	Resource reservation method

	1
	20MHz
	50+exp (50)
	50
	Counter based resource allocation

	2
	20MHz
	50+exp (50)
	50
	[bookmark: _Hlk7729655]Reservation based transmission



System evaluation results of average PRR, average PIR and packet loss due to half-duplex issue on dynamic resource allocation for aperiodic traffic of different schemes are as follows. 
· Groupcast
	[image: ]
	[image: ]

	[bookmark: _Ref7598942]Figure 7 Average PRR without HARQ
	[bookmark: _Ref7598972]Figure 8 Average PRR with HARQ

	[image: ]
	[image: ]

	[bookmark: _Ref7598957]Figure 9 Average PIR without HARQ
	[bookmark: _Ref7598980]Figure 10 Average PIR with HARQ

	[image: ]

	[bookmark: _Ref7598997]Figure 11 Packet loss due to half-duplex



· Unicast
	[image: ]
	[image: ]

	[bookmark: _Ref7806883][bookmark: _Ref7804101]Figure 12 Average PRR without HARQ
	[bookmark: _Ref7806894][bookmark: _Ref7804185]Figure 13 Average PRR with HARQ

	 [image: ]

	Figure 14 Packet loss due to half-duplex



When HARQ re-transmission is disabled, as shown in Figure 7 and Figure 12, the average PRR of reservation-based transmission are better than that of counter based resource allocation. Besides, as shown in Figure 9, the average PIR of reservation-based transmission is better too.
As shown in Figure 8, Figure 10 and Figure 13, similar observations can be can be made when HARQ re-transmission mechanism is enabled. Moreover, it can be seen that enabling HARQ re-transmission can improve the average PRR and average PIR performance in this scenario, i.e. re-transmission based on HARQ feedback can mitigate the impact of half-duplex issue.
[bookmark: _Ref1044232]Observation 8: The average PRR and the average PIR of reservation-based transmission with resource reservation is better than that of counter based resource allocation.
[bookmark: _Ref1044295]Proposal 6: Reservation-based transmission with resource reservation is supported in NR V2X.
[bookmark: _Ref7358521][bookmark: _Ref7346370]Proposal 7: The standalone PSCCH transmission used for resource reservation should be supported in NR V2X.
5. Receiver based sensing and resource selection
For sidelink sensing and resource selection, compared with the above-mentioned transmitter-based scheme, there is another possibility that the resource is determined by the receiver, namely receiver based scheme. 
Compared with the transmitter-based scheme, sensing at the receiver may have better performance since the sensing result reflects the real channel and interference condition at the receiver side. Especially, the hidden terminal problem can be resolved by this way. Moreover, this mechanism can assign suitable resource for aperiodic packet per each service request from the transmitter, which not only improves the resource utilization, but also reduces the packet loss rate due to half-duplex issue at the receiver.
[bookmark: _Ref4619515]Proposal 8: Receiver based sensing and resource selection scheme is supported in NR V2X.
5. Resource assignment and service request
In order to support receiver-based resource allocation, a mechanism for the receiver sending the resource assignment to the transmitter is needed. The PSCCH can be used for this purpose, and a specific SCI format can be designed for the receiver. 
[bookmark: _Ref4619516]Proposal 9: For receiver-based resource allocation, mechanisms should be supported for sending the resource assignment from receiver to transmitter. 
Moreover, unlike the transmitter-based scheme where the resource selection is triggered by the transmitter itself, for receiver-based scheme, a mechanism for receiving the service request from the transmitter is also needed at least for aperiodic traffic. In the case, one candidate solution is to send the request via a specific physical channel such as the PSFCH, another candidate is by higher layer signaling such as MAC CE or semi-static resource/signaling, etc. Other possibility of special resource pool may also be considered.
For periodic traffic, the service request can be transmitted in a semi-static manner. For aperiodic traffic, the service request is transmitted dynamically when the packet arrives. Solutions based on physical channel or MAC CE have the advantage of lower latency.
[bookmark: _Ref4619520]Proposal 10: For receiver-based resource allocation, mechanism should be supported for sending the service request from the transmitter to the receiver/scheduling UE.
5. Receiver sensing procedure
· Periodic traffic
The UE autonomous resource selection mechanism of transmitter-based scheme in mode 2 can be reused for receiver-based scheme for periodic traffic. The receiver can be aware of on the semi-static reserved resource from the surrounding UE based on the sensing and select a best resource for a specific transmitter. The only difference is the addition of resource assignment command from the receiver as discussed above. We evaluate the performance of unicast communication between the transmitter based and receiver-based schemes. The simulation results are provided as follows. The detailed simulation assumptions are listed in Table 3 shown in the Annex A.
[image: ]
[bookmark: _Ref4615080]Figure 14 Average PRR of periodic traffic in unicast scenario
As shown in Figure 14, a significant variation can be observed between the two curves. The performance of average PRR for receiver-based scheme is obviously better than the transmitter-based scheme, and the performance gain increases as the communication distance increases. This gain mainly comes from the mitigation of half-duplex and hidden terminal issues. The receiver can avoid assigning a resource to the transmitter that may suffer from half-duplex constraint. Furthermore, as the communication distance increasing, the receiver can help mitigate the hidden issue by selecting suitable resource that may not be interfered by other UEs. Therefore, obviously gain can be captured from sensing at receiver compared to sensing at transmitter.
[bookmark: _Ref4619521]Proposal 11: The UE autonomous resource selection mechanism can be reused for receiver-based scheme to support periodic traffic.

· Aperiodic traffic
For aperiodic service, it is difficult for the receiver to predict the interference condition due to the burst transmission. Some solutions can be considered to handle this issue. For example, the receiver can indicate more than one candidate resources for the transmitter, then the transmitter can select one of them for actual transmission. In this case the possibility of collision may be reduced. Noted that the resource assignment to a specific transmitting UE from the receiver may be a generic SCI, which can be decoded by all the surrounding UEs. Moreover, like the transmitter-based scheme, cross-slot reservation/scheduling can also be considered by receiver-based scheme for aperiodic traffic. Receiver UE can exclude the occupied resource according to the information from another transmitter or receiver UEs within a small-scale sensing window. 
[bookmark: _Ref4619523]Proposal 12: In receiver-based scheme for aperiodic traffic, additional candidate selection can be applied at the transmitter, and cross-slot reservation/scheduling can also be considered.
6. Conclusion
In this contribution, overview and discussion on NR V2X resource allocation are provided. Some observations are as following:
Observation 1: Multi-slot scheduling is beneficial for the following cases: 
· A large size of TB spans multiple slots; 
· Transmissions/repetitions of a TB occupy multiple slots.
Observation 2: The delay between the standalone PSCCH reservation and the associated PSSCH transmission is not an issue, as long as the delay is within the latency budget.
Observation 3: Initial transmission without standalone reservation leads to higher packet loss due to higher collision rate.
Observation 4: Counter-based resource allocation scheme inevitably results in additional latency caused by the counter.
Observation 5: If HARQ feedback is enabled together with resource reservation, the standalone PSCCH can be reused for resource release announcement unbooking indication may need to be supported.
Observation 6: Resource pre-emption mechanism is important to guarantee the low latency or high priority packet transmissions.
Observation 7: If FDM is not applied, the counter-based resource allocation may result in resource inefficient. However, if FDM is applied, it may suffer from increased packet loss rate due to half-duplex issue.
Observation 8: The average PRR and the average PIR of reservation-based transmission with resource reservation is better than that of counter based resource allocation.

Based on the discussion, we have the following proposals: 
Proposal 1: Multi-slot scheduling should be supported in NR V2X.
Proposal 2: Transmission of unicast, groupcast and broadcast can be multiplexed in the same resource pool.
Proposal 3: Transmission type of unicast, groupcast and broadcast should be taken into consideration for resource reservation. 
Proposal 4: Standalone PSCCH transmissions is supported in NR V2X, for resource reservations, resource release announcement, as well as resource pre-emption mechanism.
Proposal 5: Priority and resource allocation information should be included in SCI to identify the occupied resource.
Proposal 6: Reservation-based transmission with resource reservation is supported in NR V2X.
Proposal 7: The standalone PSCCH transmission used for resource reservation should be supported in NR V2X.
Proposal 8: Receiver based sensing and resource selection scheme is supported in NR V2X.
Proposal 9: For receiver-based resource allocation, mechanisms should be supported for sending the resource assignment from receiver to transmitter.
Proposal 10: For receiver-based resource allocation, mechanism should be supported for sending the service request from the transmitter to the receiver/scheduling UE.
Proposal 11: The UE autonomous resource selection mechanism can be reused for receiver-based scheme to support periodic traffic.
Proposal 12: In receiver-based scheme for aperiodic traffic, additional candidate selection can be applied at the transmitter, and cross-slot reservation/scheduling can also be considered.
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Annex A
[bookmark: _Ref1208685]Table 2  System level simulation assumption for aperiodic traffic
	Parameter
	value

	Deployment
	Freeway scenario

	UE drop
	Option A (140km/h)

	Carrier frequency
	6GHz

	Bandwidth 
	20MHz

	Subcarrier spacing
	15KHz

	Maximum number of transmissions
	3

	Transmission type
	Unicast, groupcast

	Traffic model
	Aperiodic traffic: Medium Intensity
· Inter-packet arrival time: 50ms + an exponential random variable with the mean of 50 ms
· Packet size: Uniformly random in the range between 200 bytes and 2000 bytes with the quantization step of 200 bytes
· Latency requirement: 50 ms

	Resource selection
	Dynamic resource allocation
· Reservation based resource allocation
· Counter based resource allocation

	TTI structure
	10 symbols for data

	Channel model
	NR freeway channel model defined in 37.885 [4]

	MCS and slot number for multi-slot of different packet sizes
	200bytes: QPSK, CR = 0.3, slot num = 1
400bytes: QPSK, CR = 0.59, slot num = 1
600bytes: QPSK, CR = 0.44, slot num = 2 
800bytes: QPSK, CR = 0.59, slot num = 2 
1000bytes: 16QAM, CR = 0.37, slot num = 2 
1200bytes: QPSK, CR = 0.59, slot num = 3 
1400bytes: 16QAM, CR = 0.37, slot num = 3 
1600bytes: 16QAM, CR = 0.37, slot num = 3 
1800bytes: 16QAM, CR = 0.37, slot num = 4 
2000bytes: 16QAM, CR = 0.37, slot num = 4 

	MCS for single slot of different packet sizes
	200bytes: QPSK, CR = 0.12
400bytes: QPSK, CR = 0.19
600bytes: QPSK, CR = 0.3
800bytes, 1000bytes: QPSK, CR = 0.44
1200bytes, 1400bytes: QPSK, CR = 0.59
1600bytes: 16QAM, CR = 0.37
1800bytes, 2000bytes: 16QAM, CR = 0.48



[bookmark: _Ref1210094]Table 3 System level simulation assumption for periodic traffic
	Parameter
	value

	Deployment
	Freeway scenario

	UE drop
	Option A (140km/h)

	Carrier frequency
	6GHz

	Bandwidth 
	20MHz

	Subcarrier spacing
	15KHz

	Traffic model
	Periodic traffic
· Packet size: 80% 800 bytes, 20% 1200bytes
· Packet latency: 10ms
· Packet arrival interval: 10ms
· All the UEs generate packets

	Transmission parameter
	Modulation order and code rate
· 800 bytes: QPSK 0.44       
· 1200 bytes: QPSK 0.59

	Receiver algorithm
	MMSE-IRC
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