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Introduction
In RAN1 #94 meeting [1], the following agreements were achieved for resource allocation mechanism in NR V2X:
	Agreements:
At least two sidelink resource allocation modes are defined for NR-V2X sidelink communication
· Mode 1: Base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s)
· Mode 2: UE determines (i.e. base station does not schedule) sidelink transmission resource(s) within sidelink resources configured by base station/network or pre-configured sidelink resources
Notes:
· eNB control of NR sidelink and gNB control of LTE sidelink resources will be separately considered in corresponding agenda items. 
· Mode-2 definition covers potential sidelink radio-layer functionality or resource allocation sub-modes (subject to further refinement including merging of some or all of them) where
a) UE autonomously selects sidelink resource for transmission
b) UE assists sidelink resource selection for other UE(s)
c) UE is configured with NR configured grant (type-1 like) for sidelink transmission
d) UE schedules sidelink transmissions of other UEs
RAN1 to continue study details of resource allocation modes for NR-V2X sidelink communication


In RAN1 AH #1901 meeting [2], the following agreements were achieved for NR V2X resource allocation mechanism:
	Agreements:
Mode-2 supports the sensing and resource (re)-selection procedures according to the previously agreed definitions. 
· FFS resource granularity for sensing & resource (re)-selection, e.g., PRB(s), slots, resource patterns (when applicable), etc.
· FFS detailed conditions when these procedures can apply
Agreements:
· For the purpose of performance evaluation for Mode-2(c), the following Mode-2(c) transmission pattern selection is used when a UE is configured with a pool of patterns:
· Sensing based pattern selection (e.g. UE selects unused pattern based on sensing results) 
· Additional information to assist pattern selection is not precluded, e.g., by using UE geographical location information 
Agreements:
· Sub-channel based resource allocation is supported for PSSCH
· FFS details for sub-channels
· FFS other use cases for sub-channel (e.g., measurement, interaction with PSCCH, etc.)
Agreements:
· SCI decoding applied during sensing procedure provides at least information on sidelink resources indicated by the UE transmitting the SCI 
Agreements:
At least for the purpose of evaluation, in Mode-2(d), at least for group operation, a member UE transmits on resources configured by another UE (S-UE) within the same group
· High layer signaling is assumed between S-UE and a member UE


In this contribution, we will discuss the issues of resource allocation mechanism in NR V2X.
Resource configuration and determination
1. 
2. 
Considerations of new physical structures in NR V2X
In NR V2X, different numerologies supported in NR could be used to adapt for the applications with different latency requirement. Different numerologies would have results of different frame structure for the resource allocation in the carrier supporting V2X services, e.g. coexistence of resource allocation with 1ms, 0.5ms, and 0.25ms slot length. Frame structure supporting multiplexing different numerologies in different carriers should be further studied. The details are discussed in [3].
Proposal 1: NR V2X frame structures should consider the support of multiplexing different numerologies in different carriers.
Dynamic slot format supported in NR may also be introduced in NR V2X.  Dynamic slot format can have the flexibility for resource allocation with additional benefit of latency reduction. For NR V2X mode 1 resource allocation, dynamic slot format can be achieved by the base station. While for NR V2X mode 2 resource allocation, the dynamic configuration would be very challenged for the out-of-coverage scenario. Therefore, dynamic slot format should be included in the study of Mode 1 resource allocation.  
Proposal 2: NR V2X frame structures should consider the support of dynamic slot format in resource allocation mode 1.
Consideration of candidate resource set allocation/determination
As analyzed aforementioned, the resource allocation mechanism in NR V2X would be multi-dimensional; they are dynamic frame structures, multiple numerologies and flexible slot format with stringent QoS requirements, which at least contain priority, latency and reliability. The resource allocation mechanism should consider the mapping rules between carrier/resource pool configuration and requirements as follows:
· Resource configuration
· Numerology
· Slot format
· PRB number
· QoS and other requirements
· Priority
· Latency 
· Reliability
· Data rate
Proposal 3: The carrier/resource pool allocation/determination mechanism should consider the mapping rules between resource configuration and requirements as follows:
· Resource configuration
· Numerology
· Slot format
· PRB number
· QoS and other requirements
· Priority
· Latency 
· Reliability
· Data rate
Resource granularity
In RAN1 AH #1901 meeting, it is agreed that sub-channel based resource allocation is supported for PSSCH. Resource granularity for sensing & resource (re)-selection based on sub-channel based resource allocation should be further studied. 
Considering resource granularity in time domain discussed in sections 2.1 and 2.2, lower latency V2X services and dynamic slot format should be supported. Therefore, both mini-slot level and slot level time domain resource granularity should be considered. 
Proposal 4: Considering different latency requirements, both mini-slot level and slot level resource granularity in time domain should be considered.
For resource granularity in frequency domain, there are three issues to be considered as follows:
· Blind decoding complexity for PSCCH
· Variable packet size
· Resource indication
· Consideration of blind decoding complexity for PSCCH
For sub-channel based sensing and resource (re-)selection, the candidate of PSCCH resource location in frequency domain can be designed to associate with the sub-channel, e.g. similar to the LTE-V2X adjacent or non-adjacent PSCCH and PSSCH configuration rules. The PSCCH decoding complexity is related to the sub-channel number.
While for PRB based sensing and resource (re-)selection, the candidate PSCCH location would be significantly increased. Therefore, the PSCCH decoding complexity based on PRB is far higher than that of sub-channel based sensing and resource (re-)selection.
Observation 1: The PSCCH blind decoding with sub-channel based sensing and resource (re-) selection has lower complexity than that with PRB based sensing and resource (re-)selection. 
· Consideration of variable packet size
Packet size would be variable in NR V2X. For sub-channel based resource configuration and allocation, variable packet size can be transmitted in different number of sub-channel sub-sets with an adaptive MCS. It is similar to PRB based resource configuration and allocation. For pattern based resource configuration and allocation, it would be difficult to define perfect combinations of resource patterns to ensure packets with different payload size transmitted in the appropriate resources with adaptive MCS. Therefore, considering the requirements of variable packet size, the sub-channel based resource allocation mechanism is prioritized over pattern based resource allocation mechanism.
Observation 2: Considering the requirements of variable packet size, the sub-channel based resource configuration and allocation is prioritized over pattern based sensing and resource (re-)selection. 
· Consideration of resource allocation indication
In NR V2X, wider bandwidth, e.g. 100MHz in FR1, would be needed to support the requirements of high data rate services. For PRB based sensing and resource (re-)selection, the payload size for indicating the allocated number of  PRBs is high, for both contiguous PRB resource pool and non-contiguous PRB resource pool. For sub-channel based sensing and resource (re-)selection, the payload could be designed to be much lower. For pattern-based sensing and resource (re-)selection, the indication solution should be further studied, considering variable pattern combinations. 
Observation 3: Consider the resource allocation indication: 
· The payload of allocated resource indication with sub-channel based sensing and resource (re-) selection is lower than that of PRB based sensing and resource (re-) selection.
· The solution of the indication with pattern based sensing and resource (re-)selection should be further studied, considering variable pattern combinations.
As analyzed aforementioned, the sub-channel based sensing and resource (re-)selection is prioritized. The details should be further studied based on the conclusion of multiplexing of PSCCH and PSSCH in AI 7.2.4.1.1. The pattern based solution should be further evaluated and studied.  
Proposal 5: Considering resource granularity in frequency domain, sub-channel based sensing and resource (re-)selection should be supported.
Issues of resource allocation mode 2
NR V2X should focus on the study of resource allocation with following enhanced requirements:
· Support of the NR frame structures
· Support of the QoS requirements of the advanced V2X services.
· Low latency, e.g. 3ms
· High data rate, e.g. 25Mbps
· High reliability, e.g. 99.999%
· Support of aperiodic services
· Support of unicast/groupcast
Based on the enhanced requirements, the issues of resource allocation mode 2 are discussed as follows. The issues of resource allocation mode 1 are discussed in [4].
3. 
As discussed in RAN1 AH #1901 meeting, the details of sub-mode a), c) and d) should be further studied. 
a) UE autonomously selects sidelink resource for transmission
c) UE is configured with NR configured grant (type-1 like) for sidelink transmission
d) UE schedules sidelink transmissions of other UEs
The issues of each sub-mode are discussed as follows.
Sub-mode a) 
For sub-mode a), solutions should be studied for both periodic services and aperiodic services. SPS scheme and dynamic scheme should be evaluated. 
For periodic services, SPS scheme can be used for periodic services based on sensing + SPS mechanism (LTE mode4-like), which is to select resource(s) for multiple transmission of different TBs. The resource occupation and reservation information can be included in SCI. The measurements of SA decoding, RSRP measurements and RSSI measurements would be effective for NR SPS resource allocation. The enhancement that should be considered for SPS scheme is to support high data rate service. Therefore, carrier aggregation and slot aggregation should be supported, and details of cross carrier/slot scheduling should be further studied.
For aperiodic services, the resource reservation information which is included in LTE V2X liked SCI can hardly be used for occupied and reserved resource exclusion. Therefore, LTE mode4 liked sensing mechanism would not bring any gain for collision avoiding.
Initial system level simulation results are illustrated in Figure 1. For NR periodic services, sensing + SPS solution is evaluated. And for aperiodic services, sensing + one shot solution is evaluated. The simulation scenario is highway 140km/h scenario. Simulation assumptions and detailed evaluation cases are shown in the appendix.  
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Figure 1: PRR (Packet Reception Ratio) for SPS resource allocation with NR periodic services and dynamic resource allocation with NR aperiodic services
It can be observed that sensing + SPS solution for NR periodic traffic (Medium intensity) can effectively avoid collision and the PRR is around 86% at the distance of 300m. However, the PRR performance of sensing + one shot for NR aperiodic traffic (Medium intensity) is significantly worse than that of sensing + SPS solution for NR periodic traffic (Medium intensity).  The PRR loss is around 19% at the distance of 200m, 24% at the distance of 300m, 22% at the distance of 400m and 17% at the distance of 500m. 
Proposal 6: For resource allocation mode 2a) SPS scheme, the sensing + SPS solution (LTE V2X mode4-like) can be used to support periodic services.
Observation 4: The LTE V2X mode4-liked sensing based dynamic resource allocation solution cannot effectively avoid resource collision.
For aperiodic services, collision detection and avoiding solution should be studied. Similar as SCI in LTE V2X, for a given TB, the retransmission resource(s) can be indicated by SCI in advance, but the initial transmission resource cannot be indicated in advance. The additional resource reservation solution should be further studied. Two potential solutions are as follows:
· The resource reservation SCI based solution
· The preamble based solution.
For the resource reservation based solution, besides the LTE V2X liked SCI that can be defined as the decoded SCI, an additional SCI should be defined, which will indicate the reserved initial transmission resource in advance. The resource reservation SCI can be transmitted in the PSCCH resource which is shared with the decoded SCI.  
The preamble based solution to transmit preamble before the PSSCH and decoded SCI transmission as the sensing reference signal for other UE to detect. It can bring more gain than energy detection.
Thus, the OFDM symbol level preamble can achieve collision avoidance in NR V2X. TX/RX switching time is [14] us for FR1 and [7] us for FR2. The TX/RX switching time is shorter than half an OFDM symbol for lower SCS, e.g. 15 kHz. Therefore, the preamble can be transmitted in a fraction of an OFDM symbol while the rest of the symbol can be configured as the GP for switching. The low latency requirement can be ensured and no additional half duplex impact can be introduced.
Comparing to energy detection, preamble based collision avoidance mechanism can contain more detailed resource occupation information. When selecting transmission resources, UE can detect the preamble in the candidate channel/sub-channels. The preamble transmission resource can indicate the associated PSCCH/PSSCH location based on the mapping rules. The transmission opportunity, length, sequence of the preamble can indicate to packet priority. The number of resource blocks occupied by UE can be determined based on the number of decoded preambles which use different orthogonal coding.
Furthermore, the procedure to randomly generate the detection window should be defined, in order to achieve the randomization of resource selection and resource collision.
Proposal 7: For resource allocation mode 2a) dynamic scheme, the additional resource reservation based collision detection should be supported.
· Option 1: The resource reservation SCI based solution.
· Option 2: The preamble based solution.
Sub-mode c)
For sub-mode c), a set of resources are semi-persistently configured by RRC signaling without dynamic activation/deactivation. The resource utilization is low. Semi-persistent resource allocation can reduce the latency without the procedures of scheduling request (SR) and scheduling. However, UE can autonomously select sidelink resource and would not bring additional reduction in latency. 
Observation 5: sub-mode 2c) cannot achieve the gain of latency reduction in mode 2.
For in-coverage UEs, gNB can dynamically or semi-statically utilize the available resource set. Comparing resource allocation mode 1, the gNB allocates multi-slot resources semi-persistently without dynamic activation and release.  The mode 2 resource allocation is configured by SIB or RRC dedicated signaling. No obvious gain is observed comparing to the other two mechanisms.
Observation 6: For sub-mode 2c), no obvious gain can be observed for in-coverage case.
For out-of-coverage UEs, the resource is pre-configured without any flexibility. The potential collision avoiding solution is to pre-configure orthogonal resource patterns for each UE. The number of orthogonal resource patterns should be limited in a given channel. In the high density scenarios, some UEs might share the same resource pattern and results in the consecutive collisions NR V2X supports diverse QoS requirements for different packets. It seems difficult to define the resource patterns to ensure different payload packet transmitted in the selected resources and using adaptive MCS. Therefore, the system performance may be affected.
Observation 7: For sub-mode 2c), the collision avoidance and flexibility of resource utilization would be difficult to be achieved for out-of-coverage case.
Sub-mode d)
Unicast and groupcast would be beneficial to have centralized resource allocation to avoid collision with other UE’s resource and to mitigate the half duplex constraint. Using sub-mode d), the centralized scheduling can achieve resource allocation in TDM manner for both in-coverage case and out-of-coverage cases. In addition, especially for unicast, the feedback mechanism would improve the efficiency and reliability of sidelink communication. For sub-mode d), the flexible feedback resource allocation can be achieved without any additional decoding complexity.
Proposal 8: Sub-mode 2d) would be applicable for groupcast and unicast services.
For Sub-mode d), procedures should be considered as follows.
· Step d-1: Scheduling UE determination.
· Step d-2: Scheduling request.
· Step d-3: Resource allocation of sidelink transmission
· Step d-4: Allocated resource(s) informing.
· Step d-1: Scheduling UE determination.
There are mainly three potential solutions which could be achieved.
· Option 1-1: The scheduling UE is configured or pre-configured.
· Option 1-2: The scheduling UE is the leader UE in one group.  
· Option 1-3: The transmitting UE transmits the resource request to other UE and can be the scheduling UE.  
For the in-coverage case, the scheduling UE can be configured by the base station. While for out-of-coverage case, the scheduling UE can be pre-configured as the scheduling head. For example, the UE with high capability or the scheduling capability could be appointed as the scheduler head. For groupcast services, the leader UE in the group, e.g. the head vehicle in a platoon, would manage the group.  
· Step d-2: Schedule request.
While determining the scheduling UE, the transmitting UE would send the scheduling request information to the scheduling UE. There are two potential sub-steps.
· Schedule request information transmitted from transmitting UE to scheduling UE.
· Assistance information providing for resource allocation.
Scheduling request can be either explicitly or implicitly indicated. For the explicit indication, the scheduling request information can be transmitted via control signaling which includes the scheduling request, UE's identity, the resource size and the latency requirements. For the implicit indication, the resource request information can be included in the assistance information. The assistance information should be the transmitting UE's sensing results, which could be the available candidate resource set (in granularity of sub-channel subset) after sensing operation or collision detection. The requested resource size and the latency would be contained in the available candidate resource information.
· Step d-3: Resource allocation of sidelink transmission
While receiving the scheduling request, the scheduling UE should allocate resources for sidelink transmission which the resources are orthogonal in time domain for each UE. If the resource is allocated for multiple UEs, the resource allocation should be performed within each reported available candidate resource set. When performing the resource allocation, the resource having been allocated should be excluded by the scheduling UE from the reported available candidate resource set.
While for sub-mode b), the scheduling UE could allocate resource patterns orthogonal in time domain for each UE.
· Step d-4: Allocated resource(s) indication.
After allocating the actual transmission resource(s), scheduling UE should inform the allocated resource to the associated transmit UE. A new signaling should be defined for indicate the allocated resource.
[bookmark: _GoBack]Proposal 9: For sub-mode 2d), the following procedures and potential solutions should be considered:
· Step d-1: Scheduling UE determination.
· Option 1-1: The scheduling UE is configured or pre-configured.
· Option 1-2: The scheduling UE is the leader UE in one group.  
· Option 1-3: The transmitting UE transmits the resource request to other UE and can be the scheduling UE.  
· Step d-2: Scheduling request.
· Option 2-1: The transmitting UE sends a signaling to explicitly indicate resource request information and available candidate resource set as the assistance information.
· Option 2-2: The transmitting UE sends the available candidate resource as the assistance information which implicitly indicates the resource request.
· Step d-3: Resource allocation of sidelink transmission.
· Scheduling UE should allocate transmission resources which are orthogonal in time domain for each transmission UE
· Step d-4: Allocated resource(s) indication.
· A new signaling should be defined for indicate the allocated resource in sub-mode d).
Resource allocation of coexistence of NR and LTE sidelinks
The coexistence of NR sidelink and LTE sidelink is studied in NR V2X SI. Both TDM and FDM of LTE V2X and NR V2X sidelink transmissions are the potential solutions.
For TDM transmission solutions, the short term time-scale coordination with excluding the potential con-current LTE sidelink and NR sidelink transmission resources is the only solution that would not degrade the spectrum efficiency. Resource allocation should support the joint resource occupation/reservation detection. As illustrated in Figure 2, the candidate resource in NR sidelink overlapped with the reserved resource in LTE sidelink should be excluded.


Figure 2: Resource exclusion for TDM LTE V2X and NR V2X sidelink transmissions
For FDM transmission solutions, the con-current transmission would be available. For the intra-band case with single PA the performance of both LTE and NR sidelinks would be degraded because of inter-modulation distortion (IMD of transmitted signal. Therefore, this issue should also be considered in resource allocation mechanism, to exclude the resource for the candidate resources that can potentially lead to con-current transmission in non-aligned slots, which is illustrated in Figure 3.


Figure 3: Resource exclusion for FDM LTE V2X and NR V2X sidelink transmissions for single PA UE
Proposal 10: The issues of coexistence of NR V2X sidelink and LTE V2X sidelink should be considered and further studied in resource allocation mechanism.
Considerations of half duplex impact
In 3GPP V2X phase 2, carrier aggregation is discussed and resource enhancement for multiple carriers considering UE with limited TX capability is specified.  Half-duplex issue is discussed but not specified.


Figure 4: The more significant half-duplex impact in NR V2X
In Rel-15 LTE V2X carrier aggregation, half duplex impact is evaluated and shown that the system performance would be degraded [5]. In NR V2X, for intra-band scenario, in order to support the extremely high data rate requirement, more carriers would be used for the advanced V2X services. The half duplex would have severe impact in carrier aggregations. Considering the support of different numerologies, the half duplex impact to the system performance would be severe, which is illustrated in Figure 4. Therefore, solutions to alleviate half duplex impact should be addressed. A potential solution is to reduce the number of transmission slots, which should be further studied.
Proposal 11: The half duplex impact should be investigated in NR V2X and the solution to alleviate the half duplex impact should be further studied.
Conclusion
In this contribution, the issues of resource allocation mechanism in NR V2X are discussed. Particularly, we have following observations and proposals:
Proposal 1: NR V2X frame structures should consider the support of multiplexing different numerologies in different carriers.
Proposal 2: NR V2X frame structures should consider the support of dynamic slot format in resource allocation mode 1.
Proposal 3: The carrier/resource pool allocation/determination mechanism should consider the mapping rules between resource configuration and requirements as follows:
· Resource configuration
· Numerology
· Slot format
· PRB number
· QoS and other requirements
· Priority
· Latency 
· Reliability
· Data rate
Proposal 4: Considering different latency requirements, both mini-slot level and slot level resource granularity in time domain should be considered.
Observation 1: The PSCCH blind decoding with sub-channel based sensing and resource (re-) selection has lower complexity than that with PRB based sensing and resource (re-)selection. 
Observation 2: Considering the requirements of variable packet size, the sub-channel based resource configuration and allocation is prioritized over pattern based sensing and resource (re-)selection. 
Observation 3: Consider the resource allocation indication: 
· The payload of allocated resource indication with sub-channel based sensing and resource (re-) selection is lower than that of PRB based sensing and resource (re-) selection.
· The solution of the indication with pattern based sensing and resource (re-)selection should be further studied, considering variable pattern combinations.
Proposal 5: Considering resource granularity in frequency domain, sub-channel based sensing and resource (re-)selection should be supported.
Proposal 6: For resource allocation mode 2a) SPS scheme, the sensing + SPS solution (LTE V2X mode4-like) can be used to support periodic services.
Observation 4: The LTE V2X mode4-liked sensing based dynamic resource allocation solution cannot effectively avoid resource collision.
Proposal 7: For resource allocation mode 2a) dynamic scheme, the additional resource reservation based collision detection should be supported.
· Option 1: The resource reservation SCI based solution.
· Option 2: The preamble based solution.
Observation 5: sub-mode 2c) cannot achieve the gain of latency reduction in mode 2.
Observation 6: For sub-mode 2c), no obvious gain can be observed for in-coverage case.
Observation 7: For sub-mode 2c), the collision avoidance and flexibility of resource utilization would be difficult to be achieved for out-of-coverage case.
Proposal 8: Sub-mode 2d) would be applicable for groupcast and unicast services.
Proposal 9: For sub-mode 2d), the following procedures and potential solutions should be considered:
· Step d-1: Scheduling UE determination.
· Option 1-1: The scheduling UE is configured or pre-configured.
· Option 1-2: The scheduling UE is the leader UE in one group.  
· Option 1-3: The transmitting UE transmits the resource request to other UE and can be the scheduling UE.  
· Step d-2: Scheduling request.
· Option 2-1: The transmitting UE sends a signaling to explicitly indicate resource request information and available candidate resource set as the assistance information.
· Option 2-2: The transmitting UE sends the available candidate resource as the assistance information which implicitly indicates the resource request.
· Step d-3: Resource allocation of sidelink transmission.
· Scheduling UE should allocate transmission resources which are orthogonal in time domain for each transmission UE
· Step d-4: Allocated resource(s) indication.
· A new signaling should be defined for indicate the allocated resource in sub-mode d).
Proposal 10: The issues of coexistence of NR V2X sidelink and LTE V2X sidelink should be considered and further studied in resource allocation mechanism.
Proposal 11: The half duplex impact should be investigated in NR V2X and the solution to alleviate the half duplex impact should be further studied.
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Appendix: Evaluation assumptions
In this contribution, the evaluation assumptions for sub-mode a) are provided in the following table. 
Table A.1: Evaluation assumptions for sub-mode a)
	Parameter
	Value

	Deployment scenario
	Highway: Option A,  140km/h;

	Traffic model
	NR periodic traffic, for SPS scheme
· Periodic: Medium intensity; 50 ms inter-packet arrival, 50% vehicles generate packets
· Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8
NR aperiodic traffic, for dynamic scheme
· Aperiodic: Medium intensity, inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms, 100% vehicles generate packets
· Payload size: Uniformly random in the range between 400 bytes and 2000 bytes with the quantization step of 400 byte

	Channel Model
	NR SL channel model in TR37.885

	Tx/Rx antenna elements
	2TX/4RX

	Spectrum Allocation
	Carrier frequency: 6GHz
Simulated Bandwidth: 20MHz 

	Subcarrier Spacing
	30 kHz

	Number of transmission(s) per packet
	2

	Resource pool configuration
	Subchannel size: 10 prb; Subchannel number: 5

	Frequency allocation
	For periodic traffic: 3 subchannel per packet
For periodic traffic: 1 subchannel per 400byte

	Resource allocation
	SPS scheme for NR periodic packets: 
· Sensing + SPS mechanism, LTE mode4-like
Dynamic scheme for NR aperiodic packets:
· Sensing + one shot
· In step2, it is excluded that the reserved retransmission resource which is indicated by the decoded associated initial transmission PSCCH and the associated PSSCH-RSRP measurement value is higher than the RSRP threshold 
· In step3, the S-RSSI measurement interval is set to allowed maximum latency

	Performance metric used for comparison
	The PRR performance 
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