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Introduction
In the NR V2X SID [1], following objectives are captured.
	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
NOTE: Only the performance of advanced V2X use cases will be evaluated in the design of NR sidelink.
2: Uu enhancements for advanced V2X use cases [RAN1, RAN2, RAN3]:
· Evaluate whether Rel-15 NR Uu and LTE Uu interfaces will support advanced V2X use cases
· Identify enhancements, if any, that are needed to meet advanced V2X use cases
NOTE: Also consider other Rel-16 NR and LTE SI/WI enhancements to avoid overlap.
3: Uu-based sidelink resource allocation/configuration (LTE V2X Mode3-like and Mode4-like) [RAN1, RAN2]:
· Identify necessary enhancements of LTE Uu and NR Uu to control NR sidelink from the cellular network 
· Identify necessary enhancements of NR Uu to control LTE sidelink from the cellular network 
4: RAT/Interface selection for operation [RAN2, RAN3]:
In coordination with SA2, study if additional mechanisms are required for decision on whether LTE PC5, NR PC5, LTE Uu or NR Uu shall be used for operation.
5: QoS management [RAN1, RAN2]:
· Study technical solutions for QoS management of the radio interface (including both Uu and sidelink) used for V2X operations based on input from SA2
6:  Coexistence [RAN1]:  
· In-device coexistence: Study the feasibility of the coexistence mechanisms when NR sidelink and LTE sidelink technologies are equipped in the same vehicle for the ‘not co-channel’ scenario: 
· Advanced V2X services provided by NR sidelink coexisting with V2X service provided by LTE sidelink in different channels (i.e., not co-channel).  Not co-channel could include both adjacent channel and channels that are sufficiently far apart.

NOTE: It is assumed that any coexistence requirements and mechanisms of NR sidelink with non-3GPP technologies will not be defined by 3GPP. 
Sidelink frequency: Sidelink frequencies for FR1 and FR2 (i.e. up to 52.6 GHz) unlicensed ITS bands and licensed bands are considered in the study. The target is to have a common sidelink design for both FR1 and FR2. The closing of the SI and the opening of the WI should not be dependent on the completion level of FR2, although it is targeted to complete SI aspects for both FR1 and FR2.


In this contribution, resource allocation mechanism in NR V2X will be discussed and our preference will be given.
Discussion
Generally, SL resource configuration and resource scheduling/selection can be separately discussed. Resource configuration means configuring a set of resource for SL transmission of all UEs camping on the configured resources, and resource scheduling/selection means assigning resource from the configured resource set to each UE.  In the following, SL resource configuration and resource scheduling/selection will be discussed.
Resource configuration
According to NR V2X SID, both unlicensed band and licensed band will be studied to support NR V2X services. Therefore, at least unlicensed band and NR licensed band(s) need to be considered regarding to SL resource configuration. Especially for NR licensed band(s), SL resource configuration method need to be studied carefully taking care of interference between Uu transmission and SL transmission. 
Proposal 1: Support NR SL resource configuration in both NR licensed band and unlicensed band.
In LTE V2X, SL resource pool is configured semi-statically to cope with slow ITS traffic load variation. In NR V2X, resource configuration for slow ITS traffic load variation need to be considered as well. Besides, data traffic load in NR V2X may varies fast considering lots of event-triggered traffic as described in [2]. In the following, both semi-static and dynamic SL resource configuration will be discussed, especially considering SL resource configuration on NR licensed band(s).
Semi-static SL resource configuration 
In LTE V2X, SL resource pool is configured with frequency domain resource and time domain resource indication. In frequency domain, the start point and range of the resource pool is indicated.  In time domain, SL subframes is indicated by a bitmap. And when SL resource pool is configured on LTE spectrum, SL resource is configured to override UL resource. For NR SL resource pool configuration, this principle can be reused. Especially for time domain SL resource configuration, when SL resource is configured on NR licensed band, SL resource pool to override ‘UL’ and/or ‘unknown’ symbol can be considered. 
Dynamic SL resource configuration
Event-triggered traffic is quite typical traffic as mentioned in TR 22.886, event-triggered traffic with high data rate requirement is observed in TR22.886 [2], e.g., for use case emergency trajectory alignment use case. For such event-triggered traffic, instant SL resources is requisite. In order to cope with such scenario, dynamic configuration of an on-demand SL resource pool can be considered, e.g., on-demand resource pool can be configured on licensed band. 
Proposal 2: Support both semi-static and dynamic SL resource configuration in NR V2X.
Resource scheduling/selection 
In LTE V2X, periodic traffic is assumed and resource allocation mechanisms were specified especially for it. In LTE V2X, two types of SL transmission 1) eNB scheduling and 2) UE autonomous resource selection were specified, i.e., mode-3 and mode-4. For mode-3 SL transmission, semi-static scheduling and dynamic scheduling are supported. For mode-4 SL transmission, UE performs long term sensing for resource selection. Subsequently, after excluding resource(s) reserved by other UE(s), the UE preforms resource selection within a resource selection window as per defined UE behaviour. 
For NR V2X data traffic, both periodic traffic and aperiodic data traffic should be considered. Moreover, ambitious KPI requirements, e.g., low latency and high reliability requirement, need to be satisfied. Therefore, enhancement based on LTE V2X resource allocation mechanism and/or new resource allocation mechanism need to be considered.
In the following, three resource allocation mechanisms as shown in Fig.1 will be explained for NR V2X, i.e., 1)　sidelink resource allocation based on base station scheduling, 2) sidelink resource allocation based on UE autonomous resource selection and 3) sidelink resource allocation based on UE scheduling
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Figure 1: Resource allocation mechanisms
 
Sidelink resource allocation based on base station scheduling
Centralized resource management via base station is widely used in 3GPP system. Via base station scheduling, resource collision/interference can be coordinated among UEs. Therefore, it is attractive to specify mechanism to support SL transmission based on base station scheduling. Regarding to scheduling, dynamic scheduling is suitable for aperiodic traffic, while semi-persistent scheduling is suitable for periodic traffic. Therefore, both scheduling methods need to be studied for NR V2X SL transmission considering NR V2X traffic types, i.e., periodic and aperiodic traffic.
Proposal 3: Support sidelink resource allocation based on base station scheduling in NR V2X.
Proposal 4: Support both dynamic and semi-persistent scheduling in NR V2X.
For NR V2X, it is straightforward to use NR DL to send SL scheduling signalling. In order to minimizing specification impact, scheduling based on existing Uu UL scheduling method should be maximumly reused. However, considering large number of vehicle UEs and ITS traffic has short inter-packet interval, dynamic scheduling may incur large signalling overhead. Hence, it is suggested to study overhead reduction for scheduling request procedure for NR SL scheduling.
Proposal 5: Maximumly reuse NR Uu scheduling method for NR SL scheduling.
However, as NR system may not cover whole area especially in non-stand-alone(NSA) deployment, use of LTE Uu signalling for NR SL scheduling can be considered as well. As NR SL may have variable numerology, slot format and BWP, it should be carefully studied whether it is feasible to use LTE Uu to control NR SL. Moreover, as low end-to-end latency is required in NR V2X, using sTTI for LTE Uu to control NR SL need to be studied as well.
Observation 1: It is beneficial to use LTE Uu for NR SL scheduling.
Sidelink resource allocation based on UE autonomous resource selection 
In LTE V2X, UE autonomous resource selection was specified, because SL transmission may happen in out-of-coverage scenario, resource allocation via base station scheduling does not work in out-of-coverage scenario. Similar motivation can be applied to NR V2X as well. UE autonomous resource selection need to be studied in NR V2X. 
Proposal 6: Study effective UE autonomous resource selection mechanism in NR V2X to support requirement of advanced V2X service, e.g., low latency, high reliability and high data rate.
For periodic traffic, LTE V2X mode-4 resource selection mechanism can be baseline. However, to satisfy the ambitious KPI requirement, further enhancement based on LTE mode-4 resource selection need to be studied. In LTE V2X mode-4, SPS resource is assigned per UE, then consecutive packet loss may happen if the same or co-subframe resource is assigned to multiple proximity-UEs as shown in Fig. 2. In order to cope with the issue, resource exchange between different proximity-UEs can be considered. 
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Figure 2: Persistent packet loss due to half duplex issue in Rel-14 LTE V2X

Moreover, unicast and groupcast are supported in NR V2X, then further resource allocation optimization can be considered to make sure that unicast-UE-pair and/or groupcast-UE-group less suffer from half duplex issue, e.g., TDMed transmission between unicast-UE-pair and/or groupcast-UE-group.
Proposal 7: LTE V2X mode-4 UE autonomous resource selection can be baseline for resource allocation of periodic data transmission.
· FFS: Enhancement to reduce consecutive packet loss
· FFS: Enhancement to mitigate half duplex issue among unicast-UE-pair and groupcast-UE-group
For aperiodic traffic, if LTE V2X mode-4 resource selection mechanism is used, the performance will fall back to that of UE random resource selection, where resource reselection is generally triggered per packet transmission. For periodic traffic, resource selection mechanism in IEEE 802.11p can be a start point, i.e., UE performs short time sensing right before resource selection. However, IEEE 802.11p suffers from traffic congestion especially in high traffic density case. Therefore, enhancement to cope with traffic congestion is needed.
Proposal 8: Short time sensing before resource selection, similar as CSMA, can be studied as UE autonomous resource selection mechanism for aperiodic traffic.
Sidelink resource allocation based on UE scheduling
As mentioned in previous section, UE autonomous resource selection may not satisfy the ambitious KPI requirement of NR SL transmission, especially for aperiodic traffic. Therefore, resource allocation coordination via UE should be proposed. 
A UE group can be formulated autonomously or under base station instruction, e.g., based on SL measurement. Once a UE is selected as header-UE in the UE group by base station instruction or autonomously, the header-UE can act as a resource allocation coordinator, i.e., header-UE schedules SL resource to other UEs in the UE group. If such kind of resource allocation mechanism is supported, UE grouping procedure and header-UE selection need to be supported. 
Proposal 9: Study resource allocation based on header-UE scheduling within a UE group in NR V2X.
· FFS: UE grouping procedure.
Resource allocation mechanism for FR2
According to the SID [1], both FR1 and FR2 are studied in NR V2X. To reduce system implementation complexity, a common resource allocation mechanism is expected for both FR1 and FR2. 
Proposal 10: Study to strive for having a unified resource allocation mechanism for FR1 and FR2.In FR2, transmission link is sensitive to blockage. Therefore, sensing based resource allocation may be problematic because sensing result may be not accurate due to blockage, e.g., blockage incur hidden node as shown in Fig. 3, therefore, if sensing based resource allocation is applied to FR2, sensing accuracy improvement also needs to be studied.
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Figure 3: Hidden node due to blockage

Observation 2: Blockage will deteriorate sensing accuracy, if sensing is performed in FR2 which will impact the effectiveness of sensing-based resource scheduling/selection for FR2.
Moreover, if multi-beam/multi-panel is used for SL transmission range extension in FR2. To achieve groupcast and broadcast transmission, multiple beams and resources will be used for each transmission types. Therefore, resource blocks/sets can be configured per groupcast and broadcast transmission.

URLLC and eMBB traffic multiplexing
In NR system, for flexible resource allocation, packet arrived in slot n can be scheduled to transmission in slot n+k. For URLLC service, a packet needs to be transmitted right after packet arrival to meet URLLC service latency requirement. In NR system, resource for eMBB transmission can be scheduled before URLLC packet arrival, then there is case that resource potentially for URLLC transmission can be blocked by eMBB transmission. In order to guarantee successful transmission of URLLC traffic, preemption of resource scheduled for eMBB transmission is supported for DL transmission as shown in Fig. 4. 

[image: ]
Figure 4: DL eMBB pre-emption

In NR V2X, some URLLC service(s) requires 3ms end-to-end latency requirement, while some other eMBB traffic only requires tens of millisecond end-to-end latency. In NR V2X, similar situation and requirement to preempt resource of eMBB transmission in SL will occur, e.g., for SL transmission based on base station/header-UE scheduling as mentioned in section 2.2.1 and section 2.2.3. Therefore, we propose to study URLLC and eMBB traffic multiplexing with resource preemption mechanism for SL transmission. 
Proposal 11: Study resource preemption mechanism for URLLC and eMBB traffic multiplexing, if base station-scheduling and/or UE-scheduling based resource allocation are supported.
Conclusion
In this contribution, support of unicast, groupcast and broadcast has been discussed. Based on the discussion, the following proposals were made:
Proposal 1: Support NR SL resource configuration in both NR licensed band and unlicensed band.
Proposal 2: Support both semi-static and dynamic SL resource configuration in NR V2X.
Proposal 3: Support sidelink resource allocation based on base station scheduling in NR V2X.
Proposal 4: Support both dynamic and semi-persistent scheduling in NR V2X.
Proposal 5: Maximumly reuse NR Uu scheduling method for NR SL scheduling.
Observation 1: It is beneficial to use LTE Uu for NR SL scheduling.
Proposal 6: Study effective UE autonomous resource selection mechanism in NR V2X to support requirement of advanced V2X service, e.g., low latency, high reliability and high data rate.
Proposal 7: LTE V2X mode-4 UE autonomous resource selection can be baseline for resource allocation of periodic data transmission.
· FFS: Enhancement to reduce consecutive packet loss
· FFS: Enhancement to mitigate half duplex issue among unicast-UE-pair and groupcast-UE-group
Proposal 8: Short time sensing before resource selection, similar as CSMA, can be studied as UE autonomous resource selection mechanism for aperiodic traffic.
Proposal 9: Study resource allocation based on header-UE scheduling within a UE group in NR V2X.
· FFS: UE grouping procedure.
Proposal 10: Study to strive for having a unified resource allocation mechanism for FR1 and FR2.
Observation 2: Blockage will deteriorate sensing accuracy, if sensing is performed in FR2 which will impact the effectiveness of sensing-based resource scheduling/selection for FR2.
Proposal 11: Study resource preemption mechanism for URLLC and eMBB traffic multiplexing, if base station-scheduling and/or UE-scheduling based resource allocation are supported.

References
[1] RP-181480, “Study on NR V2X,” Vodafone.
[2] 3GPP TR 22.886, “Study on enhancement of 3GPP Support for 5G V2X Services”.
- 1/7 -
image4.emf
DL grant

DCI

Preemption indication 


image1.emf
(b) UE performs autonomous resource selection

(a) Base station performs SL scheduling

UE group 

Header 

Member

(c) Header-UE performs SL scheduling

Scheduling command

Data transmission


image2.emf
Half duplex

t

UE 1

UE 2

UE 3


image3.emf
UE C performs sensing, it cannot sense 

transmission fromUEAduetoblockage UE B, 

therefore, UE A is hidden node to UE C

UEA

UEC

UEB


