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1. Introduction
In RAN #80 a new Study Item for NR-V2X was approved [1]. As part of the SID, it is assumed that NR-V2X is required to support advance use cases such as sensor sharing, semi or fully automated driving, remote driving and vehicle platooning. 
In this contribution, a mechanism for sidelink resource selection and collision avoidance is described. The proposed scheme is flexible enough to support both periodic and aperiodic traffic types. 
2. Design Objectives for SL Resource Allocation in NR V2X
The target use-cases supported by NR V2X involve a wide variety of applications with different requirements and different types of traffic. Therefore, a number of different traffic models were defined as part of the evaluation assumptions and captured in the TR [2]. These models include both aperiodic and periodic traffic models with different levels of load/inter-arrival times and latency constraints. In addition, there’s a need for higher reliabilities for some kinds of applications.
While it is theoretically possible to have different types of resource allocation mechanisms for different types of traffic, it is desirable to have a unified solution for all the different traffic types if the performance is adequate for all cases. In that context, in order to support all the different types of traffic, the following design goals need to be satisfied for any sidelink resource allocation solution: 
· Dynamic sidelink resource allocation
· Support varying packet sizes with similar link budgets
· Support random packet arrival by performing slot-based resource selection
· Improved reliability by minimizing collisions
Proposal 1: Sidelink resource allocation solutions for NR-V2X should satisfy the following design objectives: 
· Dynamic sidelink resource allocation
· Support varying packet sizes with similar link budgets
· Support random packet arrival by performing slot-based resource selection
· Improved reliability by minimizing collisions



3. Dynamic Resource Selection
In Rel.14 the resource selection is semi-persistent in nature where resources once selected are re-used for a period of time, sometimes even for a few seconds. This solution is best suited for applications with fixed packet sizes and strictly periodic traffic, i.e, BSM type traffic (although we do contend that even BSM is not really periodic on occasion). 
For NR V2X, such solutions result in poor channel utilization since allocation sizes and packet arrival times are not known in advance. Conservative resource reservation (reserving allocations that are much larger than needed) coupled with low periodicity to account for latency result in severe under-utilization of channel. This in turn results in collisions between UEs since the resource selection is based on long term sensing leading to poor performances. In general, a solution based only on long term sensing performs quite poorly in the context of NR traffic and should not be considered as a viable candidate for sidelink resource allocation.
In order to support a wide variety of applications, a per-packet dynamic resource allocation mechanism is needed for NR sidelink communications. Resource selection is performed by the UE only when packet arrives and the resource dimensions (#sub-channels, #aggregated slots) are known. Resources are also released after packet transmission is completed. Per-packet resource allocation ensures efficient resource utilization as resource reservations are minimized. Additionally, to reduce decoding complexity requirements on UE, in LTE-V2X sub-channel based resource pool design was employed. In a similar vein, sub-channel based resource pool configuration is useful for NR-V2X sidelink as well.
Proposal 2: Slot level per-packet dynamic resource allocation is defined for NR V2X.
Proposal 3: Sub-channel based resource pool design is used for NR-V2X sidelink.
4. Slot Aggregation
Both periodic and aperiodic types of traffic have varying packet sizes from 200 to 2000bytes for medium intensity traffic and between 10000 to 60000bytes for high intensity traffic. 
Packet sizes vary dramatically even for the same application. From the receiver’s point of view, the link budget needs to be similar for all packets in order to maintain reliability for an application. This is ensured by maintaining the same Tx power per tone for all the packet sizes while also maintaining a similar code rate. Dynamic slot aggregation (similar to NR Uu) can ensure both a constant Tx power per tone as well as code rate. Additionally, aggregating additional slots in time ensure better efficiency of resource utilization. 
The frequency spectrum is divided into subchannels that are comprised of a fixed number of RBs (e.g, 5RB subchannel granularity). There exists a trade-off between the range of communication (small freq allocations) and mitigation of the half duplex effect (a small number of aggregated slots) and this aspect can be studied further for different application types. Figure 1 illustrates slot aggregation for variable size packets. 
[image: ]
Figure 1: Illustration of single slot transmission and two slot aggregation
The number of slots that are aggregated can be indicated explicitly through the control channel signalling (or through any another physical layer channel/mechanism). For purposes of resource allocation, it can be assumed that the slot aggregation of on-going transmissions is known to the Tx UE. The data can also be assumed to be encoded across the whole bundle and not on a per-slot basis. 
Proposal 4: Slot Aggregation is used in NR V2X.

5. Slot Based Channel Contention
One of the main components of SL resource allocation is the mechanism through which channel resources are contended for and through which collisions between Tx UEs can be avoided. This mechanism needs to support a variety of traffic types and is also future proof in terms of any potential additional applications that are not currently being considered. Essentially, the Tx UE needs to be able to contend for and select candidate resources that have not been occupied by other Tx UEs while also meeting any latency constraints. 
In Rel.14, RSSI/RSRP based methods have been used for long term sensing to select candidate resources. However, as discussed in Section 3, long term sensing is not a viable solution especially for aperiodic traffic. 
Slot based channel contention is based on the notion of short term sensing as proposed in [3] where candidate resources are selected on a slot-by-slot basis based on packet arrivals. Our proposal for a comprehensive resource allocation mechanism is a slot-based channel contention mechanism and has two parts: 
· Part 1: Slot based short term sensing. The Tx UE can take advantage of information about on-going transmissions to select candidate resources. 
· Part 2: Counter based collision avoidance. The Tx UE can avoid collisions and downs-select candidate resources based on energy sensing/CR sequence detection.  Details are provided in Section 5.2.


5.1 Slot based short term sensing
The UE can obtain information about on-going transmissions in terms of the frequency allocation size as well as the number of aggregated slots. This information offers a robust way to avoid occupied resources from a candidate set of resources.
4. 
5. 
5.2. 
5.1.1 Identifying Frequency Allocation Sizes
The occupied frequency allocation sizes are determined through detection of Channel Reservation (CR) Sequences that are utilized by transmitting UEs to indicate their frequency allocations. Since UEs may reserve different sizes of frequency allocations, the sequences need to flexible enough to indicate different numbers of RB bundles. The detection of the CR sequences would also need to be reliable relative to the data transmissions. 
Figure 2 illustrates the use of CR sequences to indicate the frequency allocations.  The CR sequences are transmitted in the first symbol of the slot and can also be used for AGC settling purposes. Detection of the sequence allows the Rx to identify occupied radio resources by a transmitter.
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Figure 2: Illustration of CR Sequences for indication of frequency allocation size

Proposal 5: CR Sequences are used to indicate frequency allocation sizes of the resources. 
5.1.2 Identifying Time Slot Aggregations
The number of aggregated slots also needs to be signalled to the UE for data decoding and can also be used for collision avoidance. The number of aggregated slots can be either explicitly signalled through the control channel or implicitly though other means. Either way, it can be assumed that the Rx UE is aware of aggregation level used in the transmission.
Proposal 6: Number of aggregated slots is indicated to the receiver UEs for data decoding and for collision avoidance.
5.1.3	Resource Selection
Since the UEs continuously detects and decodes all transmissions, the UEs are aware of on-going transmissions, number of slots aggregated, and frequency sub-band allocated through decoded control channel signalling. Consequently, when a packet arrives, and the UE needs to transmit in a particular slot, all resources occupied by ongoing transmissions can be excluded. 
This mechanism has inherent channel re-use enabled since the elimination of resources depends on the UE decoding the control channel. If control channel decoding fails due to very low SNR, then resource selection and channel reuse is unlikely to impact on-going transmissions. Figure 3 illustrates the concept of short term sensing. 
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Figure 3: Resource Selection based on Slot based Short Term Sensing

Proposal 7: Slot based short term sensing is used for candidate resource selection in NR V2X.
Once candidate resources have been selected, there’s still a need to improve reliability for NR V2X transmissions. Some ways to improve reliability are: 
· HARQ feedback to improve link SNR through combining gain. This has been discussed in a companion contribution in [4]
· Reduce collisions between Tx UEs vying for the same resources though Counter Based Collision Avoidance. 
5.2	Counter-Based Collison Avoidance
The underlying principle of the CCA mechanism is to spread out the contention resolution over multiple symbols.  Energy sensing coupled with the CR sequence detection (described in the previous section) is used to determine whether the channel resources have been claimed by other Tx UEs or not. 
The pseudo code for the CCA procedure is provided below: 
1) Tx UE selects a candidate slot to begin transmission after packet arrival
2) Generate CCA counter randomly (up to a max configured value)
3) With each symbol, decrement CCA counter till counter reaches 0
4) When counter reaches 0, the Tx UE determines whether there are any available resources for transmission. Resource availability is based on energy detection in the previous symbol coupled with CR sequence detection as well as from the decoded control information and CR sequence detections of previous transmissions. 
5) If there are resources available, then the Tx UE selects a set of sub-channels for transmission randomly from the available candidates. This selection could also be based on minimum energy levels observed or other criteria.
6) If there are no resources available, then the UE contends on the next slot and the procedure is repeated. 
This is also represented in a flowchart in Figure 4. An example with a max configured CCA counter value 1 is shown in Figure 5. 
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Figure 4: Flowchart indicating the CCA resource allocation mechanism
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Figure 5: Illustration of CCA mechanism for contention resolution


4. 
5. 
6. 
In Figure 5, UE1 and UE2 randomly select CCA counter values 0 and 1 respectively. This indicates that UE1 begins transmission from symbol 1 whereas UE2 performs energy sensing and detection of the CR sequences to identify available resources. Transmission on available frequency resources begins from symbol 3. Note that UE2 utilizes symbol 2 to transition from RxTx and prepare the data packet for transmission.
Both UE1 and UE2, transmissions begin with the CR sequences that indicate to any receivers the exact frequency allocation size for decoding purposes. Due to the transmission by some UEs from symbol 1 and others from symbol 3, it’s expected that there would need to additional noise variations in symbol 3 which would need to be estimated. This can be accounted for by a suitable DMRS design. 
The CCA mechanism by means of distributing the channel contention over multiple symbols significantly reduces the probability of collision while also allowing for UE’s to continuously contend for resources thereby satisfying their latency requirements. Simulation results showing the performance of the CCA mechanism along with CR sequence detection are detailed in the next section.
Proposal 8: Counter-Based Collison Avoidance(CCA) is used as part of SL resource allocation in NR V2X.

6. Simulation Results
The set of simulation assumptions used for the results in shown in Table 1 and follow the agreed assumptions in [2]. These assumptions correspond in our view to a suitable simulation profile for multicast traffic. The simulations have been performed with NACK feedback enabled (as detailed in [4]). Figures 6 and 7 show the performance of Slot Based Channel Contention mechanism for highway and urban drops.
[bookmark: _GoBack]
Table 1: Simulation Assumptions
	Parameter
	Groupcast

	Sidelink Frequency
	6GHz

	Traffic models
	Aperiodic traffic: Medium Intensity
Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms
Packet size: Uniformly distributed between [200, 600, 1000, 1200, 1600, 2000] bytes
Latency requirement: 50 ms

	Simulation Environment
	Highway. Urban

	UE Drop and Mobility
	Highway: Option A (140Kmph)
Urban: Option A (60 Kmph)

	Number of Tx/Rx Antenna elements
	2Tx/4Rx

	Antenna Models
	Option 1

	Channel Model
	SCM LOS, NLOSv, NLOS

	SL Simulation BW
	20MHz and 40 MHz

	Pathloss, shadowing, blocking and dual mobility models
	Enabled (as per TR 37.885)




[image: ]
Figure 6: Performance of Slot Based Channel Contention mechanism for Highway Drop Option A

[image: ]
Figure 7: Performance of Slot Based Channel Contention mechanism for Urban Drop Option A

7. Conclusion
In this contribution, a scheme for sidelink resource selection and collision avoidance is described. The scheme is applicable to both Mode-3 and Mode4 UEs. The following is proposed: 
Proposal 1: Sidelink resource allocation solutions for NR-V2X should satisfy the following design objectives: 
· Dynamic sidelink resource allocation
· Support varying packet sizes with similar link budgets
· Support random packet arrival by performing slot-based resource selection
· Improved reliability by minimizing collisions
Proposal 2: Slot level per-packet dynamic resource allocation is defined for NR V2X.
Proposal 3: Sub-channel based resource pool design is used for NR-V2X sidelink.
Proposal 4: Slot Aggregation is used in NR V2X.
Proposal 5: CR Sequences are used to indicate frequency allocation sizes of the resources. 
Proposal 6: Number of aggregated slots is indicated to the receiver UEs for data decoding and for collision avoidance.
Proposal 7: Slot based short term sensing is used for candidate resource selection in NR V2X.
Proposal 8: Counter-Based Collison Avoidance(CCA) is used as part of SL resource allocation in NR V2X.
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