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1. Introduction
In RAN 94b, we presented a mechanism for sidelink resource allocation and collision avoidance [1]. The proposed scheme corresponds to Mode 2(a) and is flexible enough to support both periodic and aperiodic traffic types. In this contribution, we attempt to address some of the questions that arose in the discussion of the different modes of operation in NR-V2X.
2. Background
A few questions were raised with regards to the resource allocation mechanism for Mode-2(a). Specifically, the following agreement was made in terms of aspects to be studied for solutions in Mode-2(a): 
Agreements:
· [bookmark: _Hlk528805538]Sidelink sensing and resource selection procedures are studied for Mode-2(a)
· The following techniques are studied to identify occupied sidelink resources
· decoding of sidelink control channel transmissions
· sidelink measurements
· detection of sidelink transmissions
· other options are not precluded, including combination of the above options
· The following aspects are studied for sidelink resource selection
· how a UE selects resource for PSCCH and PSSCH transmission (or other sidelink physical channel/signal, if it is introduced)
· which information is used by UE for resource selection procedure

In this contribution, we attempt to address the questions raised and present a well-defined solution for resource allocation for Mode-2(a). 
3. Identification of Occupied Resources
Identifying and subsequent avoidance of occupied resources is an effective means of reducing collisions, especially when the traffic is random and has variable size packets. The mechanism for identifying occupied resources needs to be robust against variable levels of interference and channel conditions. Dynamic channel occupancy also needs to be detected. 
Determination of channel occupancy needs to be on a slot-level basis and needs to occur in a dynamic fashion. Long term sensing does not provide adequate robustness against aperiodic traffic or even traffic with variable sizes. 
Proposal 1: Slot level identification of occupied resources (or short-term sensing) is supported for NR-V2X.
Probabilistic mechanisms for channel sensing like RSSI/RSRP or other similar measurement-based schemes suffer from performance degradation when there are varying levels of interference across frequency and time resources. Such mechanisms can also lead to excessive resource fragmentation since some resources are avoided even if there are available due to the inherently unreliable performance.
Robust determination can be achieved by CRC-protected decoding of control channels. Control channel decoding can also be made to be significantly more reliable than data decoding by carefully managing code rates, employing diversity schemes and other mechanisms. Therefore, if an Rx UE is unable to decode the control channel, then it would be safe to assume that any interference would be below the noise floor and that the resource is effectively available. Therefore, channel re-use is inherently enabled. Control channel content would indicate the occupied time/frequency resources which can then be avoided for resource selection
Since the Rx UE continuously detects and decodes all control channel transmissions, the UEs are aware of on-going transmissions, number of slots aggregated, and sub-band frequencies allocated. Consequently, when a packet arrives, and the UE needs to transmit in a particular slot, all resources occupied by ongoing transmissions can be excluded. Figure 1 illustrates the concept of short term sensing and identification of occupied resources through control channel decoding.
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Figure 1: Identification of occupied resources through control channel decoding

Proposal 2: Control channel content indicates occupied frequency and time resources. Decoding of control channel for identifying occupied resources is supported in NR-V2X.
Channel re-use can be increased by employing an exclusion zone based on control channel decoding. Beyond this zone, occupied resources are not avoided even if control channel decoding succeeds. This allows for additional opportunities for channel access when interference levels are low. These exclusion zones can be demarcated by distance as proposed in [2]
Proposal 3: Consider applying control channel exclusion zones to promote channel re-use.
4. Design Principles for Selection of Resources
Prior to describing the mechanism for resource selection, the allocation size and dimension of required resources for various packet sizes need to be identified. In order to determine a mapping between packet sizes and resource allocation, certain design principles need to be defined as described in Sections 4.1 and 4.2 below.
4.1	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, the frequency spectrum is divided into sub-channels similar to the LTE-V2X resource pool design. A similar approach is advocated for NR-V2X as well.
Proposal 4: Per-packet dynamic resource selection is defined for NR V2X.
Proposal 5: Sub-channel based resource pool design is used for NR-V2X sidelink.

4.2	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 similar 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 resource utilization efficiency. Figure 2 illustrates slot aggregation for variable size packets. 
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Figure 2: 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 6: Slot Aggregation is supported for NR V2X.
Proposal 7: Control channel indicates the number of aggregated slots utilized for identification of occupied resources.
Once the mapping of resources allocation to packet sizes is determined (and specified), then the UE can look for unoccupied resources of a suitable size in frequency. 

5. Selection of Resources – Counter based mechanism
In a previous contribution [1], a counter-based channel access mechanism was introduced. This mechanism is meant to be initiated once all occupied resources have been eliminated, the resource size has been determined.
The underlying principle of the counter-based mechanism is to spread out the contention resolution over multiple symbols or even multiple slots.  Energy sensing coupled with the identification of occupied resources (as described in section 3) is used to determine whether the channel resources have been claimed by other Tx UEs or not. 
In this scheme, the Tx UE selects a counter when channel access is imminent. This counter can be symbol-level or even slot-level depending on packet priority or channel occupancy. 
5.1 Slot-level counter
The counter selected has a range of 0-N slots where N is a pre-configured value. The Tx UE begins counting down in slots transmits the packet when the counter reaches 0. In case the channel is completely occupied, then the counting down pauses until channel resources are once again available. The effect of the slot-level counter is to distribute the channel load across a multitude of slots so that access can be efficiently distributed thereby reducing collision probability. 
Packet priority levels can also be incorporated into the counter selection. High priority packets would have a shorter counter range to select thereby affording them immediate channel access. Lower priority packets would have larger counter ranges with the effect that channel access is deferred to lower priority packets. Collisions between lower and higher priority level packets can be avoided in such a scheme. 
5.2 Symbol-level counter
Symbol level counters distribute channel access within a slot. Due to AGC effects and SNR variations, symbol level counters can have only one of 2 values: 0 or M where M is fixed. If a Tx UE selects 0, then channel access occurs immediately, and the UE transmits its packet. If the Tx UE selects counter value M, then channel access and packet transmission occurs only after M symbols. 
Occupied resources by UEs selecting counter value 0 can then be avoided by UEs selecting counter value M. Identification of occupied resources occurs based on control channel decoding as described in Section 3. The selection of the value of M is determined based on implementation constraints as well as performance. It’s important to note that M is not configurable. The pseudo code for the symbol-counter based channel access procedure is provided below: 
1) Tx UE selects a candidate slot to begin transmission after packet arrival
2) Generate symbol-level counter randomly (up to a max configured value)
3) With each symbol, decrement 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 decoded control information of previous transmissions. 
5) If there are resources available, then the Tx UE selects a set of sub-channels for transmission from the available candidates. 
6) If there are no resources available, then the UE contends on the next slot and the procedure is repeated. 
An example of the symbol-level counter based channel access scheme with a M=7 is shown in Figure 3. 

[image: ]
Figure 3: Illustration of CCA mechanism for contention resolution

4. 
5. 
6. 
In Figure 3, UE1 and UE2 select symbol-counter values 0 and M(=7) respectively. This indicates that UE1 begins transmission from symbol 1 whereas UE2 identifies available resources through control channel decoding. Transmission on available frequency resources begins from symbol 8. While evaluations of symbol and slot based counters are ongoing, initial performance indicate that slot-based counters may be adequate for most V2X applications. 
Counter-based mechanisms efficiently distribute the channel access/contention over multiple symbols and slots which 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 baseline performance with avoidance of occupied resources that have been identifiedbased on control channel decoding  are detailed in the next section.
Proposal 8: Counter-based channel access schemes are supported as part of SL resource allocation in NR V2X.
6. [bookmark: _GoBack]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]). Slot level access is simulated with avoidance of identified occupied resources. Figures 6 and 7 show the performance for highway and urban drops.

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 4: Performance of Slot Based Channel Contention mechanism for Highway Drop Option A

[image: ]
Figure 5: 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 and pertains to the Mode-2(a). The questions raised with regards to the solutions for Mode-2(a) have been addressed in detail. The following is proposed.
Proposal 1: Slot level identification of occupied resources (or short-term sensing) is supported for NR-V2X.
Proposal 2: Control channel content indicates occupied frequency and time resources. Decoding of control channel for identifying occupied resources is supported in NR-V2X.
Proposal 3: Consider applying control channel exclusion zones to promote channel re-use.
Proposal 4: Per-packet dynamic resource selection is defined for NR V2X.
Proposal 5: Sub-channel based resource pool design is used for NR-V2X sidelink.
Proposal 6: Slot Aggregation is supported for NR V2X.
Proposal 7: Control channel indicates the number of aggregated slots utilized for identification of occupied resources.
Proposal 8: Counter-based channel access schemes are supported as part of SL resource allocation in NR V2X.
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