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Introduction
In this contribution, NR V2X SL resource configuration, SL resource allocation mode 2 and SL pre-emption will be discussed and our preference will be given.
Discussion 
Resource configuration
According to NR V2X SID, both unlicensed band and licensed band, e.g., cellular band, are studied to support NR V2X services. Therefore, at least unlicensed band and NR Uu licensed band(s) need to be considered in terms of SL resource configuration. Especially for NR Uu licensed band(s), SL resource configuration method need to be studied carefully taking care of interference between Uu and SL communications. 
In LTE V2X, SL resource pool is configured semi-statically to cope with slow ITS traffic load variation. LTE SL resource pool is configured with frequency and time domain indication, and can be configured on LTE spectrum by overriding UL resource. For NR semi-static resource pool configuration, this principle can be reused. When SL resource is configured on NR licensed band, SL resource to override ‘UL’ and/or ‘F’ symbol can be considered. In NR semi-static TDD-UL-DL configuration, ‘UL’ and ‘F’ are configured per TDD-UL-DL configuration period. Thus, SL resource can be configured per TDD-UL-DL configuration period.
Proposal 1: Support semi-static SL resource configuration in NR V2X.
· If configured on NR licensed band, time domain SL resource configuration granularity is TDD-UL-DL configuration period.
Besides, data traffic load in NR V2X may varies fast considering lots of event-triggered traffic. Event-triggered traffic with high data rate requirement is typical traffic as mentioned in TR 22.886 [1], e.g., for emergency trajectory alignment use case. For such event-triggered traffic, instant SL resource configuration is beneficial. For example, in case that high data traffic density is incurred by certain triggered event, UE needs to report the situation to base station and requests more SL resource for SL transmission, e.g., SL resources on licensed band. Therefore, we propose to support such on-demand SL resource configuration. 
Proposal 2: Support on-demand SL resource configuration in NR V2X.
Moreover, NR supports dynamic TDD configuration for DL and UL. if SL resource is configured on NR Uu licensed band, it needs to be studied whether to support dynamic SL resource configuration to accommodate Uu and SL resource in the same band. As for mode 2, UE autonomous resource selection can be adopted, where dynamic SL configuration may interrupt the rule of autonomous resource selection on available SL resources, therefore, dynamic SL resource configuration is not supported for mode 2. But for mode 1, when operating on licensed band, the transmission performed by UEs are totally under control of gNB, therefore, dynamic SL resource configuration can be supported. 
Proposal 3: NR SL mode 2 does not support dynamic SL resource configuration.
Proposal 4: NR SL mode 1 supports dynamic SL resource configuration on NR licensed band.
Resource allocation modes
At the RAN1#95 meeting, NR SL resource allocation mode 1 and mode 2 (including mode 2-a, mode 2-c and mode 2-d) were agreed for further study. While mode 1 works for in-coverage scenario, mode 2 can work in both in-coverage and out-of-coverage scenario. In this contribution, mode 2 is discussed, and discussion about mode 1 is given in companion contribution [2].
Mode 2-a/2-c
In this section, sensing based resource selection will be discussed, i.e., mode 2-a/2-c.
	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 


At RAN1#1901 ad-hoc meeting, sensing based resource selection is assumed for both mode 2-a and mode 2-c. Based on our best understanding, the main difference between mode 2-a and mode 2-c lays on resource selection manner, for mode 2-a, a resource unit(s) is freely selected for packet transmission, while for mode 2-c, a resource pattern(s) is selected where the pattern is useful to mitigate half duplex and resource collision among UEs. The common ground between mode 2-a and mode 2-c can be that, the resource or resource pattern used by UE can be reserved by certain signalling, which can guarantee that the reserved resource or resource pattern is not selected again by UEs to mitigate resource or resource pattern collision. In order to effectively reserve transmission resource or resource pattern, the reservation signalling needs to be sent before the packet transmission, e.g., at k slots before packet transmission. An example is shown in Fig.1, when packet arrives at t1, UE selects transmission resource within a resource selection window [t1 + ∆1, t1 + ∆2]. The time of selected resource for packet transmission is denoted as t2, then the time of resource for reservation signaling transmission is t2-k.
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Figure 1: resource selection timing
Proposal 5: Mode 2 supports resource and/or resource pattern reservation for packet transmission, and the reservation signalling is sent k slot(s) before packet transmission.
The resource or resource pattern reservation based schemes can mitigate the collision of irregular packet transmission resource among UEs, but the shortcoming is that the reservation signalling collision among UEs can happen as well, especially for aperiodic traffic the need to transmit reservation signalling is unpredictable, then multiple UEs may contend for resource for reservation signalling transmission. Therefore, randomization/reduction of resource collision for reservation signalling transmission should be considered. 
Mode 2-d
In mode 2-d, a UE group is assumed. In the UE group, there is a scheduling UE(header-UE), which can act as a resource allocation coordinator, i.e., scheduling UE schedules(/configures) SL resource to other UEs(member-UEs) in the UE group as shown in Fig. 2. Compared with other sub-modes of mode 2, mode 2-d is expected to achieve higher packet transmission reliability due to centralized resource allocation coordination in a UE group.
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Figure 2: example of mode 2-d   

UE group architecture
In this section, the group formulation procedure including scheduling UE selection and UE association to scheduling UE will be elaborated based on agreement made at RAN1#95 meeting.
	Agreements:
For Mode-2(d) operation, further study the following potential radio-layer procedures including at least the following
· Procedures to become/serve as a scheduling UE for in-coverage and out-of-coverage scenarios
· The following options are identified for further study:
· Scheduling UE is configured by gNB
· Application layer or pre-configuration selects scheduling UE
· Receiver UE schedules transmissions of the transmitter UE during the session
· Scheduling UE is decided by multiple UEs including the one that is finally selected
· UE may autonomously decide to serve as a scheduling UE (self-nomination) / offer scheduling UE functions
· …
· UE behavior to associate to scheduling UE(s)
· …


Generally, two UE grouping cases can be assumed for mode 2-d operation.
Case 1) UE group formulated by application layer, e.g., platooning use case.
Case 2) UE group formulated by radio layer.
For case 1), the scheduling UE and member UEs can be determined by application layer, and whether a UE serves as scheduling UE can be further configured by gNB/eNB, when the UE group is in coverage. In this case, scheduling UE selection is out of RAN1 scope.
For case 2), the radio layer procedure to determine a UE group, including determination of scheduling UE and association of member UEs, needs to be considered. Regarding scheduling UE determination, as agreed at RAN1#95 meeting, it can base on NW configuration or base on self-nomination, the self-nomination mechanism can be used in out-of-coverage scenario as discussed in companion contribution [3], but due to the complexity of self-nomination mechanism, its feasibility can be further studied after determination of baseline NR V2X resource allocation scheme. Regarding procedure for a UE to associate to scheduling UE, relay-UE discovery procedure in Rel-13 D2D can be baseline, where ProSe direct discovery can be assumed. The ProSe direct discovery procedure relies on high layer signalling exchange, therefore, RAN1 can assume other WGs to study related procedure.
Proposal 6: RAN1 assumes that scheduling UE selection is determined by higher layer, e.g., based on application layer determination and/or NW configuration.
Proposal 7: RAN1 assumes that UE association to scheduling UE is performed by higher layer.
Resource set determination per UE group

	Agreements:
For Mode-2(d) operation, further study the following potential radio-layer procedures including at least the following
· …
· Procedure to determine a set of sidelink resources a scheduling UE can use for scheduling of other UEs
· The following options are identified:
·  Based on sensing procedure by scheduling UE
·  Configured by gNB if scheduling UE is in-coverage
·  Pre-configured if scheduling UE is out of coverage
· Transmitting UE provides information about sidelink resources to scheduling UE
· …
· Resource management to address collision/interference and half-duplex issues b/w UEs scheduled by different scheduling UEs
· …


At the RAN1#95 meeting, it was agreed to further study resource management per scheduling UE, including how to determine a set of sidelink resources a scheduling UE can use for scheduling of other UEs and how to manage the collision/interference between UEs scheduled by different scheduling UEs. 
To address above issue, SL resources pool can be divided into multiple orthogonal resource sets, each resource set contains multiple SL resource elements, and then resource set can be configured/selected per UE group/scheduling UE as shown in Fig.3. For each UE group, the scheduling UE can judge whether resource set(s) is/are available based on sensing, in other words, a scheduling UE can select resource set(s) which suffers less interference from other UE group(s). Therefore, a specified resource set configuration/selection mechanism can be supported which can avoid resource collision/interference between UEs scheduled by different scheduling UEs, then even independent scheduler among scheduling UEs can be assumed. Moreover, if the scheduling UEs are in coverage, gNB/eNB can configure orthogonal resource set to each scheduling UE, therefore, configuration based resource set determination per scheduling UE can be supported as well.
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Figure 3: orthogonal resource set configuration of proximity UE groups
Proposal 8: For determination of a set of sidelink resources that can be used by scheduling UE for scheduling of other UEs, at least following options are supported:
· Configured by gNB/eNB if scheduling UE is in-coverage.
· Based on sensing procedure by scheduling UE. 


Scheduling aspect 

	Agreements:
For Mode-2(d) operation, further study the following potential radio-layer procedures including at least the following
· …
· FFS behavior/algorithm of scheduling UE 
· Behavior of scheduling UE to signal scheduling decisions for transmission/reception of other UEs
· The following options are identified:
· Physical layer signaling
· Higher layer signaling
· …
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


At the RAN1#95 meeting and RAN1#1901 ad meeting, SL scheduling algorithm and scheduling signalling aspect were discussed for mode 2-d. In this subsection, further discussion will be given.
[bookmark: _Hlk534820839]It was discussed whether scheduling algorithm of scheduling UE needs to be specified or not. In our understanding, this is UE implementation issue, an implemented scheduler would not incur misunderstanding among UEs if scheduling signalling and procedure are proper designed. 
Regarding scheduling signalling, high layer signalling is assumed at RAN1#1901 ad-hoc meeting as compromise to reduce RAN1 work load. In our understanding, this does not preclude the possibility that dynamic scheduling and/or configured grant based scheduling procedure are/is supported finally, which is up to other WG(s). Moreover, UE behaviour when receiving the configuration information from scheduling UE needs to be specified (e.g., whether UE can directly use the configured resource for packet transmission), which can be further discussed in WI. 
Observation 1: Scheduling algorithm performed by scheduling UE is up to UE implementation.
Observation 2: Whether to support dynamic scheduling and/or semi-static scheduling is up to other WG. 
Proposal 9: UE behaviour, when receiving configuration information from scheduling UE, needs to be specified in WI.
Relation between mode 2-d and other sub-modes

	Agreements:
Initialization of Mode-2(d) operation is FFS
For Mode-2(d) operation, further study the following potential radio-layer procedures including at least the following
· …
· Resources used for communication before UE is associated with a scheduling UE
· Procedures to switch between Mode-2(d) from/to other submodes 


At the RAN1#95 meeting, it was agreed to further study the relation between mode 2-d and other modes. 
First of all, the initialization of mode 2-d is a part of the solution, which may comprise scheduling UE determination, UE association to scheduling UE, resource set determination per UE group, etc., it is noted that scheduling UE determination and association aspect for platooning use case is out of RAN1 scope. Therefore, it should be clarified that mode 2-d can be totally stand-alone mode, but it needs to operate only when a UE group has been formulated. 
Observation 3: Mode 2-d is stand-alone resource allocation mode.
Regarding when a UE does not belong to any UE group, the UE can operate in other mode(s). This is similar as LTE case, when LTE UE is out-of-coverage, it operates in mode 4, and it can switch to mode 3 only when it is attached to eNB and eNB active mode 3 communication. 
Regarding mode switching, it can be configured by gNB/eNB, or it can be triggered by certain event, e.g., based on traffic congestion level. But, we think the switching mechanism can be discussed after determination of basic solution of each resource allocation mode.  
Evaluation result of mode 2-d
As one of the motivation to support mode 2-d is for reliability improvement, the effectiveness of mode 2-d will be validated via PRR evaluation for mode 2-d. Two mode 2-d scenarios are evaluated: case 1) UE group formulated  by application layer, where platooning use case is evaluated; case 2) UE group formulated by radio layer, where it is assumed that scheduling UE determination is based on self-nomination/NW configuration.
For simulation simplicity, the simulation profile agreed in RAN1 #94b is used and the detailed simulation assumption and parameter setting are listed in table 1 in appendix. Regarding baseline resource allocation method, LTE V2X mode 4 is taken as baseline for periodic traffic and random resource selection is taken as baseline for aperiodic traffic, for random resource selection, UE randomly selects transmission resource(s) in the next slot of TB arrival. 
The evaluation result for case 1), where mode 2-d is applied to platooning use case, is shown in Fig.4 and Fig.5. for periodic traffic and aperiodic traffic respectively. Groupcast transmission is assumed within a UE platoon.
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Figure 4: PRR of mode 2-d for periodic traffic for scenario a
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Figure 5: PRR of mode 2-d for aperiodic traffic for scenario a
From the result of PRR alt. 2, it can be observed that for packet transmission which can approach 80%-100% reliability, mode 2-d has higher packet transmission percentage than baseline solution. For periodic traffic, more than 3% percentage, while for aperiodic traffic, approx. more than 8% percentage.  
The evaluation result for case 2) is shown in Fig.6 and Fig.7 for periodic traffic and aperiodic traffic respectively, where broadcast transmission is assumed.
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Figure 6: PRR of mode 2-d for periodic traffic for scenario c
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Figure 7: PRR of mode 2-d for aperiodic traffic
From the PRR result, it is observed that NR mode 2-d outperforms LTE mode 4 up to 5% and 10% in urban and freeway scenario when considering periodic traffic; and NR mode 2-d outperforms random resource selection up to 15% and 20% in urban and freeway scenario when considering aperiodic traffic. Thus, mode 2-d is attractive in the sense of transmission reliability improvement.
Sidelink pre-emption
In NR system, pre-emption of eMBB traffic is supported, when there is no transmission resource for URLLC traffic. For flexible resource allocation, scheduling information arrived in slot n can be used for data 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. As a result, 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 should be supported for DL transmission as shown in Fig.8. 
[image: ]Figure 8: DL eMBB pre-emption
In NR V2X, some URLLC service(s) requires 3ms end-to-end latency requirement, e.g., for emergency trajectory alignment, while some other eMBB traffic 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. Therefore, we propose to study URLLC and eMBB traffic multiplexing with resource preemption mechanism for SL transmission. 
Proposal 10: Support resource preemption mechanism in PHY layer to enable low latency packet transmission.

Conclusion
In this contribution, SL resource configuration, SL resource allocation mode 2 and SL pre-emption have been discussed. Based on the discussion, the following proposals were made:
Proposal 1: Support semi-static SL resource configuration in NR V2X.
· If configured on NR licensed band, time domain SL resource configuration granularity is TDD-UL-DL configuration period.
Proposal 2: Support on-demand SL resource configuration in NR V2X.
Proposal 3: NR SL mode 2 does not support dynamic SL resource configuration.
Proposal 4: NR SL mode 1 supports dynamic SL resource configuration on NR licensed band.
Proposal 5: Mode 2 supports resource and/or resource pattern reservation for packet transmission, and the reservation signalling is sent k slot(s) before packet transmission.
Proposal 6: RAN1 assumes that scheduling UE selection is determined by higher layer, e.g., based on application layer determination and/or NW configuration.
Proposal 7: RAN1 assumes that UE association to scheduling UE is performed by higher layer.
Proposal 8: For determination of a set of sidelink resources that can be used by scheduling UE for scheduling of other UEs, at least following options are supported:
· [bookmark: _GoBack]Configured by gNB/eNB if scheduling UE is in-coverage.
· Based on sensing procedure by scheduling UE. 
Observation 1: Scheduling algorithm performed by scheduling UE is up to UE implementation.
Observation 2: Whether to support dynamic scheduling and/or semi-static scheduling is up to other WG. 
Proposal 9: UE behaviour, when receiving configuration information from scheduling UE, needs to be specified in WI.
Observation 3: Mode 2-d is stand-alone resource allocation mode.
Proposal 10: Support resource preemption mechanism in PHY layer to enable low latency packet transmission.
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Appendix 
Table 1: Simulation assumptions
	Parameter
	Value

	Traffic model
	Periodic: Medium intensity; [50] ms inter-packet arrival, [50]% vehicles generate packets
Aperiodic: Medium intensity, 100% vehicles generate packets.

	UE Deployment
	Freeway option C for platooning use case only.
Freeway option A, where UE speed = 140km/h 
Urban option A, where UE speed = 60km/h 

	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
	15kHz

	Sub-channel 
	2 sub-channels for periodic traffic;10 subchannels for aperiodic traffic

	Number of packet sub-channels
	Periodic traffic: 1 sub-channel per packet 
Aperiodic traffic: 1 sub-channel per 200bytes, multiple sub-channels can be used per packets 

	TTI structure
	NR Slot TTI: 14 Symbols, LTE DMRS are assumed (8 symbols for data transmission)

	Number of packet TTIs
	1 TTI

	MCS
	Adaptive QPSK and 16QAM according to packet occupied resource size 

	Packet repetition 
	No

	Resource allocation
	LTE mode-4 resource selection:
· Based on LTE R14 resource selection
· 1s sensing window duration
· 20% remaining resources ratio
· T2 is selected to enable 10 ms selection window duration
Random resource selection: 
· UE randomly pick a resource within its packet latency bound
NR Mode 2-d resource allocation for case 1:
· Header-UE selection and member-UE association is performed by application layer
· Resource set selection by header-UE: less interference resource set is selected, and resource set re-selection is performed per 1s to cope with UE mobility
· Resource configuration: 4 resource sets are configured as illustrated in Fig. 8, and 1/3 of the resources per resource set is assumed to be used by platooning UEs while 2/3 is used for UE not belonging to platoon
· Header-UE scheduling: round robin scheduler
NR Mode 2-d resource allocation for case 2:
· Header-UE selection: any UE can volunteer to be a header-UE if it senses that there is no header-UE in its proximity. Following thresholds are used to judge whether a header-UE is in proximity or not
· Urban: -75dBm for periodic traffic; -69dBm for aperiodic traffic
· Freeway: -79dBm for periodic traffic; -73dBm for aperiodic traffic
· Associating member-UE to header-UE: proximity-UE(s) tries to sense header-UE, if sensing result from a header-UE to itself is below the threshold, a proximity-UE become its member-UE
· Urban: -75dBm for periodic traffic; -69dBm for aperiodic traffic
· Freeway: -79dBm for periodic traffic; -73dBm for aperiodic traffic
· Resource set selection by header-UE: less interference resource set is selected, and resource set re-selection is performed per 1s to cope with UE mobility
· Resource configuration: 4 resource sets are configured as illustrated in Fig. 8 
· Header-UE scheduling: round robin scheduler
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Figure 9: resource set division for mode 2-d evaluation 
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