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Introduction
At the RAN#80 meeting, the study item on NR V2X was approved [1]. Study of technical solutions for sidelink resource allocation is one of the major study item objectives:
	NR V2X SI Objective 1:
Sidelink design [RAN1, RAN2]:
· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 
· Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
· Study NR sidelink physical layer structures and procedure(s)
· Study sidelink synchronization mechanism
· Study sidelink resource allocation mechanism (also including objective 3)
· Study sidelink L2/L3 protocols


In this contribution, we discuss principles of sidelink resource allocation for NR V2X communication. The proposed principles of resource allocation aims to optimally support scenarios with quasi-periodic traffic, aperiodic traffic and their combination. In our view, for NR-V2X system it is desirable to support optimal handling of all three traffic combination options while sharing the same sidelink spectrum resources. Our views on other NR V2X design aspects are summarized in companion contributions [4]-[12].
On eV2X Traffic Models and NR V2X Design
NR V2X is being designed at the same time as eV2X services evolve. During study item on eV2X evaluation methodology two majors classes of traffic models were identified: periodic and aperiodic. Each of this traffic models should be supported and optimally handled from physical layer perspective including scenarios with mixed traffic models from UE and system perspective.
Periodic Traffic
The LTE-V2X sidelink design was optimized for periodic traffic pattern. The technology utilizes intelligent sensing and resource selection procedure for sidelink communication, which is based on radio-layer measurements conducted by TX and relies on principle of sidelink resource reservation. In LTE-V2X, UE processes sidelink transmissions within sensing window in a past and tries to avoid sidelink transmission on occupied resources indicated by reservation signalling.

LTE-V2X sidelink radio-protocol is optimized for periodic traffic
Aperiodic Traffic
The design principles used to handle periodic traffic are not directly applicable for aperiodic traffic given that resource reservation mechanism may not work properly due to almost non-predictable packet arrival time. In general, it is possible to apply principles of over-reservation, but those are likely degrade performance. Therefore the sensing principles used for aperiodic traffic should be different. In particular, the small scale sensing based on listen before talk (LBT) mechanisms can give an advantage in avoiding collisions when multiple UEs compete for resources.

LTE-V2X sidelink radio-protocol is not optimized for aperiodic traffic
Sensing and resource selection principles for aperiodic traffic are fundamentally different 
Combination of Periodic and Aperiodic Traffic
Given that in practical systems, we may see a combination of periodic and aperiodic traffic, the NR-V2X design should also efficiently handle this practical scenario. It means that sensing and resource selection procedures defined by NR-V2X technology should be consistent with each other and possibly complement each other.

NR-V2X sidelink design should strive to optimally support: 1) periodic traffic; 2) aperiodic traffic; and 3) mix of periodic and aperiodic traffics
NR-V2X sensing and resource selection procedures for periodic and aperiodic traffics should strive to be compatible and complement each other
Sidelink Sensing and Resource Selection Principles
In this section, we discuss principles of large and small-scale sensing and resource selection procedures that can be considered as candidates for NR-V2X. By large scale sensing term, we denote procedures for resource selection based on long-term historic observations, similar to those used in LTE-V2X sidelink. Small scale sensing term denotes procedures for resource selection based on instantaneous sensing results.
Large Scale Sensing
The LTE-V2X sidelink sensing and resource selection procedure can be considered as a baseline example of large scale sensing procedure. The main motivation behind large scale sensing procedure is to avoid transmissions on reserved resources indicated by other UEs and detected within sensing window in the past. In order to accomplish this, UE processes sidelink control channels and performs measurements in sidelink sensing window to determine a set of candidate resources within future resource selection window, where final resource is randomly selected from the set of candidate resources.
The following potential enhancements can be further studied for eV2X periodic services:
Collisions handling in case of simultaneous resource (re)-selection;
Configurable sensing window (e.g. based on maximum reservation interval in the system);
Dynamic resource selection window duration (e.g. derived based on packet delay budget);
Physical structure and multiplexing of PSCCH and PSSCH;
Resource (re)-selection conditions and triggers;
Priority handling enhancements



For periodic traffic, study benefits of additional enhancements to LTE V2X sensing and resource selection procedure including the following aspects:
Collisions handling in case of simultaneous resource (re)-selection;
Configurable sensing window (e.g. based on maximum reservation interval in the system);
Dynamic resource selection window (e.g. derived based on packet delay budget);
Physical structure and multiplexing of PSCCH and PSSCH;
Resource (re)-selection conditions and triggers;
Priority handling enhancements;

[bookmark: _Ref521603738]Small Scale Sensing
The small scale sensing can be beneficial for multiple reasons. First of all, it can serve as a complementary procedure on top of large scale sensing procedure to address the potential issue of collisions in case of simultaneous resource (re)-selection. At second, the small scale sensing may be beneficial for aperiodic traffic handling, where large scale sensing is expected to provide degraded performance.
The basic principle of small scale sensing is to listen the medium before transmission and access channel if sidelink resource satisfies channel access criteria or perform random back-off otherwise. The small scale sensing can be done based on additional short-term/small-scale power measurements (e.g. RSSI or RSRP). The support of small scale sensing require proper considerations on sidelink resource grid and channel access occasions. In particular, sidelink resource grid may be divided into small scale and large scale channel resources and channel access occasions. The granularity of large and small scale sidelink resources in time and frequency can be configurable.


Figure 1: Large scale and small scale sidelink resources
Small scale sensing can be based on frequency selective listen before talk procedure for sidelink resource selection (i.e. LBT is applied to multiple frequency sub-channels – sidelink reference sensing resources). Given that majority of V2X applications are mission critical the resource selection window may be a function of packet latency budget.
Channel Access Criteria
UE may employ clear channel assessment (CCA) procedure to determine whether the sub-channel is busy or not and either do back-off or trigger transmission. A general principle to declare that particular sub-channel can be considered as clear is to measure energy metric during a given assessment time T and check if it is less than a pre-configured energy threshold: . Energy metric may be independent of physical structure (e.g. RSSI or energy in a sub-channel or average power in a sub-channel) or physical structure dependent (e.g. RSRP in a sub-channel). The energy measurement threshold and CCA time T may be function of priority and number of back-off attempts. More details on back-off procedure for small scale channel access are described in the dedicated section.
Channel Access Mechanism
In order to address collisions by means of small scale sensing, the concept of back-off and contention window can be used. For instance, the following parameters can be defined to describe UE small scale sensing behavior:
C0 – denotes number of sidelink channel access occasions in time before UE can access channel. UE transmits at time instance C0, if during time instances 0, 1,…, C0-1 there was at least one frequency resource satisfying channel access criteria at each time instance; otherwise UE randomly initializes back-off counter CBO.
[Cmin; Cmax] – contention window boundaries from which UE randomly initialize back off counter CBO
CBO  – backoff counter, denotes the number of sidelink channel access occasions in time on which at least one frequency resource satisfied channel access criteria.
ETh – preconfigured threshold used to check if channel access criteria is satisfied at given frequency resource at given channel access occasion.
It should be noted that different values of parameters C0, Cmin Cmax and ETh can be applied for different levels of priority and different levels of delay budget. In addition, there may be multiple variations in terms of how counters C0 and CBO are interpreted and whether those are defined independently per frequency sub-channel or per sidelink resource grid, etc.


For aperiodic traffic, further study benefits and details of small scale sensing schemes, including:
Collisions handling when multiple UEs compete for resources;
Channel access criteria and conditions;
Sidelink resource and channel access granularity in time;
Resource reservation mechanisms;
Priority handling mechanisms.

Combination of Large and Small Scale Sensing
In general, the described above large and small scale sensing procedures may complement each other and operate together or independently. In other words, from system perspective the following options can be enabled:
Option 1. Large scale sensing is enabled w/o small scale sensing
Option 2. Small scale sensing is enabled w/o large scale sensing
Option 3. Combination of small and large scale sensing is enabled
In case of Option 3, when both large and small scale sensing procedures are activated, the basic principles for resource selection can be as follows (see Figure 2):
Large scale sensing procedure forms candidate set of resources for transmission within sidelink resource selection window by processing transmissions in large scale sensing window and excluding occupied/congested resources
· If large scale sensing procedure is disabled, then all resources within sidelink resource selection window are considered as candidate resources
Small scale sensing procedure operates across candidate resources within candidate resource set to pick particular resource for transmission
· If small scale sensing procedure is disabled, the sidelink resource for transmission is randomly selected from candidate resource set


[bookmark: _Ref521359580]Figure 2: Combination of large and small scale sensing for sidelink resource selection

Initial Evaluation Results
In this section we provide initial system-level analysis of the different resource selection procedures based on Large and Small Scale Sensing approaches. For the simplicity of the analysis, evaluation results were obtained for both periodic and aperiodic traffic types with the same latency requirement, average bitrate and packets of the same size of 1200bytes. For initial evaluation low-band with 6 GHz carrier frequency 20 and 80MHz BWs with 30 kHz subcarrier spacing was selected. Remaining system-level evaluation assumptions are provided in Annex A.
The aperiodic traffic is a new type of traffic aimed to be supported in NR V2X system. Recently designed LTE V2X resource selection and resource reservation signaling was developed for the traffic with periodic packet arrival, but may also be used for the single packet transmission. In order to assess performance of the Large Scale resource selection we have taken LTE Rel-14 protocol. We provide system-level analysis of the following scenarios:
Resource selection with LTE Rel-14 procedure with resource reservation for periodic traffic handling
Resource selection with LTE Rel-14 procedure without resource reservation for aperiodic traffic handling
As it is shown in Figure 3, the usage of the LTE Rel-14 resource selection procedure for aperiodic traffic leads to significant performance degradation comparing with periodic traffic resource selection case. Observed degradation may be caused by improper estimation of the candidate resource RSSI metric, which is obtained by averaging across 1s sensing window with 100ms period. The aperiodic nature of transmitted in the past packets results in mismatched RSSI estimation and, hence, improper resource selection.
In order to improve aperiodic traffic resource selection performance, the following enhancements were also analyzed: 
Small scale sensing resource selection. Resource selection algorithm is implemented according to the procedure described in Section 3.2 with half-slot channel access granularity and 2 slot continuous transmission
Large scale sensing procedure based on LTE R14 procedure without candidate resource RSSI metric processing
The results of system level evaluation are shown in Figure 3.
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The following two system configurations with 1 frequency resource (Figure 3-a) and four frequency resources in frequency (Figure 3-b). Results presented in Figure 3 demonstrate that performance of the large scale sensing resource selection without RSSI averaging is improved comparing with legacy LTE R14 procedure performance.  The main observation, we draw is that small scale sensing can outperform large scale sensing with RSSI averaging in case of aperiodic traffic and slightly better of large scale sensing w/o RSSI averaging. At the same time small scale sensing alone cannot achieve the same performance as large scale sensing procedure for periodic traffic. In addition, we would like to point out that in current analysis we have not considered additional AGC implementation overhead that will be imposed by small scale sensing due to sub-slot level channel access. In addition, the effect of time selective interference is taken into account at each slot that may not be the case in practical system.


Further study benefits of large and small scale channel sensing procedures as well as their combination in application to periodic, aperiodic and mixed traffic models

Channel Access and Resource Granularity Trade-offs
For sidelink communication, the minimum time between sidelink channel access occasions (as well as sensing occasions) should be carefully analysed. Any access to sidelink channel is likely to require AGC adjustment at the receiver side. Frequent channel access occasions will result in the same rate for AGC adjustments increasing implementation overhead and UE complexity. Therefore very frequent allocation of channel access occasions is not attractive from physical layer perspective.
To make small scale sensing to be an effective solution, the minimum sidelink resource granularity in time should be longer than time interval between subsequent channel access occasions (sensing occasions). Otherwise, small scale sensing results may not be applicable for collision resolution and may not improve overall system performance.
From system level perspective, there are additional performance trade-offs. Negative impact from half-duplex, in-band emissions, typically reduces with finer time granularity of sidelink resources, especially in congested scenarios. On the other hand side, from link budget and AGC implementation overhead perspective, the longer transmission duration is more beneficial.
Time Granularity for Channel Access
For sidelink communication with small scale sensing, the sub-slot level channel access occasions will be needed, if sidelink resource allocation granularity in time is equal to one slot. Otherwise, small scale sensing may not give performance benefits. Oppositely, if sidelink resource allocation granularity exceeds several slots, then slot level channel access can be sufficient to extract benefits from small scale sensing.
From eV2X latency requirements, the channel access occasions of every 0.5 ms seems to be sufficient to cover majority of eV2X use cases. The actual need for sub-slot level channel access in this case will depends on numerology used subcarrier spacing(SCS) and minimum resource allocation granularity in time.
In case if sub-slot level channel access opportunities are configured, UE may need to adjust AGC at every sidelink channel access opportunity, that will cause additional implementation overhead and time selective interference from system perspective. Another drawback of sub-slot level channel access is that UE may need to re-estimate (re-scale) channel during each channel access occasion that will require presence of DMRS symbols in each channel access occasion.



Figure 4: Sidelink resource granularity in time

Time Granularity for Sidelink Resource
The sub-slot level resource granularity may be beneficial only for small size packet transmission. For large packet sizes, the transmission may anyway need to span several slots and thus multi-slot transmission granularity may be needed. In case of relatively large packets, the channel access occasions may be aligned with a slot level boundary. In this case the multi-slot transmission and slot level channel access may have lower impact on sidelink physical structure with periodic AGC adjustment at the slot level boundaries.
The sidelink resource granularity in time also depends on SCS/numerology used for sidelink. If 30 or 60kHz SCSs are used in FR1, then multi-slot level transmission may be needed to reach similar link budget characteristics as LTE-V2X. For NR-V2X, with 60kHz and 30kHz SCS up to 8 and 4 slots respectively may be needed to transfer single transport block with the same link budget as LTE-V2X with two subframes. Considering amount of slots that may be needed to achieve link budget as in LTE, the 30kHz SCS seems more reasonable design choice. Taking into account current flexibility in numerology and that slot level channel access as well as multi-slot transmissions are to be supported, we propose to further study challenges and potential benefits of sub-slot level channel access and resource granularity.

Further study technical challenges and benefits of sub-slot level channel access and resource granularity for sidelink communication (e.g. ½-slot and ¼-slot)

Sidelink Resource Reservation / Pre-emption
The principle of resource reservation may be equally applicable to small scale sensing and large scale sensing procedures. In case of small scale sensing, the UE may compete for sidelink channel for the purpose of resource reservation or for initial transmission and near or long term reservation of subsequent sidelink resources. The resource reservation signaling can be beneficial to improve reliability of sidelink transmission. The initial transmission may be carried out using sub-slot level granularity while transmission on reserved resources can be aligned with slot level structure.
In case of priority handling, the reservation mechanism may be (re)-used for the purpose of preemption indication. The only difference is that competing UE with lower priority transmission will yield its own transmission and trigger resource reselection procedure.
The sidelink reservation may also be beneficial to improve performance of unicast communication links. In particular transmitter may announce where it can expect response from another UE or announce recommended subset of resources from reception perspective [4].


Further study how to efficiently enable sidelink resource reservation/preemption mechanisms for eV2X sidelink communication.

Sidelink Resource Configuration
The concept of sidelink resource pools provides flexible configuration for sidelink resources and can be reused for allocation of PSCCH and PSSCH resource pools. Similar to LTE-V2X protocol, we assume that resource pool configuration will indicate resources available for sidelink transmission of PSCCH and PSSCH (i.e. slots in time and sub-channels in frequency).


Concept of sidelink resource pools is reused and introduced for eV2X sidelink communication

Sidelink Resource Grid
On top of resource pool configuration, we assume than minimum granularity in time and frequency needs to be defined at least for PSSCH resource allocation (e.g. NPRB ; Msymbols). In addition, the reference resources for sensing need to be defined for each type of sensing being considered.
Multiplexing of PSCCH and PSSCH
In this section, we analyze multiplexing options that can be used for PSCCH and PSSCH transmissions. In LTE-V2X, only FDM option is defined from both system and user perspective. In our view, FDM option has only one significant advantage of reduced amount of sidelink channel access attempts. On the other hand, it has the following disadvantages: 1) transmit power is shared between control and shared channel and 2) link budget of control channel depends on amount of frequency resources used for shared channel. These factors clearly affect the sensing performance and the scale of hidden node problems for reserved resources. In order to avoid these problems the option of TDM of PSCCH and PSSCH transmissions needs to be enabled at least from single UE perspective. 
In addition, UE should be allowed to solely transmit PSCCH without associated PSSCH data for radio-layer control signaling exchange that can be beneficial for various mechanisms/purposes including unicast communication, sidelink resource reservation or preemption mechanisms, reliability of communication, etc.
From system perspective, we do not see the need in strict partitioning of control and shared channel resources. In general, it should be allowed by configuration that control and shared channel resources overlap in time and frequency.
From PSCCH physical structure perspective, we see several options of interest for further analysis (see Figure 5)
Option 1. Sub-slot level PSCCH/PSSCH are TDMed in the same slot
· Pros:
· Provides fixed link budget for control channel transmissions (similar reliability across UEs)
· Minimizes amount of sidelink channel access attempts needed for transmission of control and shared channels
· Latency benefits for control channel processing
· Cons:
· Limited control channel capacity (low order of frequency multiplexing)
Option 2. Slot level PSCCH/PSSCH are FDMed in the same slot
· Pros:
· Minimizes amount of sidelink channel access attempts needed for transmission of control and shared channels
· Sufficient control channel capacity (frequency multiplexing)
· Common sensing procedure for control and shared channel transmissions
· Cons:
· Latency for control channel processing
· Transmit power is shared by control and shared channel
Option 3. Slot level PSCCH and PSSCH are TDMed in different slots
· Pros:
· Provides maximum energy per control and shared channel transmission (essential for high reliability)
· Sufficient control channel capacity
· Cons:
· Latency for control channel processing
· Resource selection is needed for both control and shared channel
Option 4. Sub-slot level PSCCH/PSSCH are TDMed in different slots
· Pros:
· Provides fixed link budget for control channel transmissions (similar reliability across UEs)
· Latency benefits for control channel processing
· Cons:
· Limited control channel capacity (low order of frequency multiplexing)
· Resource selection is needed for both control and shared channel
· Sub-slot level transmission for PSCCH only require additional AGC considerations


[bookmark: _Ref521521472]Figure 5: PSCCH physical structure from single UE perspective
Analyzing these options, we see that Option 1 and Option 2 can be supported in a unified design framework. The support of Option 3 and Option 4 is in general can be enabled through SCI signaling but may require separate resource selection procedure for PSCCH and PSSCH transmissions. On the other hand, there is a clear benefit for Option 3 which can provide high level of reliability and long communication range where needed.


Strive for sidelink design that supports TDM and FDM between PSCCH and PSSCH from UE perspective
From system perspective, control and shared channel resources can overlap in time and frequency within sidelink resource pool
PSCCH and PSSCH resources are separately configured within the same resource pool

Conclusions
In this contribution, we provided initial views and analysis on resource allocation aspects for NR-V2X sidelink communication. Based on discussions, we have following proposals for further analysis during the study item:

Proposal 1: 
For periodic traffic, study benefits of additional enhancements to LTE V2X sensing and resource selection procedure including the following aspects:
Collisions handling in case of simultaneous resource (re)-selection;
Configurable sensing window (e.g. based on maximum reservation interval in the system);
Dynamic resource selection window (e.g. derived based on packet delay budget);
Physical structure and multiplexing of PSCCH and PSSCH;
Resource (re)-selection conditions and triggers;
Priority handling enhancements;
Proposal 2: 
For aperiodic traffic, further study benefits and details of small scale sensing schemes, including:
Collisions handling when multiple UEs compete for resources;
Channel access criteria and conditions;
Sidelink resource and channel access granularity in time;
Resource reservation mechanisms;
Priority handling mechanisms.
Proposal 3: 
Further study benefits of large and small scale channel sensing procedures as well as their combination in application to periodic, aperiodic and mixed traffic models
Proposal 4: 
Further study technical challenges and benefits of sub-slot level channel access and resource granularity for sidelink communication (e.g. ½-slot and ¼-slot)
Proposal 5: 
Further study how to efficiently enable sidelink resource reservation/preemption mechanisms for eV2X sidelink communication.
Proposal 6: 
Concept of sidelink resource pools is reused and introduced for eV2X sidelink communication
Proposal 7: 
Strive for sidelink design that supports TDM and FDM between PSCCH and PSSCH from UE perspective
From system perspective, control and shared channel resources can overlap in time and frequency within sidelink resource pool
PSCCH and PSSCH resources are separately configured within the same resource pool
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Annex A – eV2X System Level Evaluation Assumptions
In this section, we provide summary of evaluation assumptions 
Table 1: System level evaluation assumptions
	Parameter
	Value

	Deployment scenario
	Freeway scenario from LTE Rel-14 V2V methodology [13]:
· MTAD = 2.5s
· Vehicle speed = 70 km/h

	Channel Model
	LTE Rel-14 Freeway Channel Model

	Spectrum Allocation
	Carrier frequency: 6GHz
Simulated Bandwidth: 
· Option 1: 20 MHz
· Option 2: 80 MHz

	Subcarrier Spacing
	30 KHz

	Traffic model
	Periodic broadcast traffic:
· Packet size: 1200 Byte
· Inter-packet arrival time: 100 ms
· Latency requirement: 50 ms 
Aperiodic broadcast traffic:
· Packet size: 1200 Byte 
· Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms
· Latency requirement: 50 ms

	Resource selection
	Large Scale Sensing Resource Selection:
· Based on LTE R14 resource selection
· 1s sensing window duration
· 20% remaining resources ratio
· T2 is selected to enable 50 ms selection window duration
Small Scale Sensing Resource Selection:
· Channel access granularity: Tg = ½ Slot
· Initial access timeout: C0 = 4 Tg;
· Contention Window parameters: Cmin = 10 Tg; Cmax = 40 Tg

	Number of packet TTIs
	2

	TTI structure
	NR Slot TTI: 10 Symbols for Data, 4 Symbols overhead 

	Frequency resource allocation
	Adjacent SCI and Data transmission
· 44 PRB Data + 2 PRB SCI

	Packet Tx parameters
	QPSK Modulation
CRTTI = 0.9
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