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Resource allocation modes for NR-V2X sidelink communication were discussed in RAN1#94, RAN1#94b and RAN1#95 meetings, and the following agreements were made: 
RAN1#94
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


RAN1#94b
Agreements:
Continue studying NR sidelink resource allocation techniques by NR Uu for mode-1:
· Dynamic resource allocation
· Semi-persistent scheduling allocation or NR grant type-2 (activation/de-activation by physical layer signaling)
· Grant free transmission i.e., configured NR grant type-1

Agreements:
· Sidelink sensing and resource selection procedures are studied for Mode-2(a)
· The following techniques are studied to identify occupied sidelink resources
· decoding of sidelink control channel transmissions
· sidelink measurements
· detection of sidelink transmissions
· other options are not precluded, including combination of the above options
· The following aspects are studied for sidelink resource selection
· how a UE selects resource for PSCCH and PSSCH transmission (or other sidelink physical channel/signal, if it is introduced)
· which information is used by UE for resource selection procedure


RAN1#95
Agreements:
· Sensing procedure is defined as SCI decoding from other UEs and/or sidelink measurements
· FFS information extracted from SCI decoding
· FFS sidelink measurements used
· FFS UE behavior and timescale of sensing procedure
· Note: It is up to further discussion whether SFCI is to be used in sensing procedure
· Note: Sensing procedure can be discussed in the context of other modes
· Resource (re)-selection procedure uses results of sensing procedure to determine resource(s) for sidelink transmission
· FFS timescale and conditions for resource selection or re-selection
· FFS resource selection / re-selection details for PSCCH and PSSCH transmissions
· FFS details for PSFCH (e.g. whether resource (re)-selection procedure based on sensing is used or there is a dependency/association b/w PSCCH/PSSCH and PSFCH resource)
· FFS impact of sidelink QoS attributes on resource selection / re-selection procedure
· For Mode-2(a), the following schemes for resource selection are evaluated, including
· Semi-persistent scheme: resource(s) are selected for multiple transmissions of different TBs 
· Dynamic scheme: resource(s) are selected for each TB transmission
Agreements:
· Mode-2(b) to be studied as a functionality that can be a part of Mode-2(a)(c)(d) operation, when one UE assists sidelink resource selection for other UE(s)
· Note: Mode-2(b) is not supported/studied as a standalone sidelink resource allocation mode
Agreements:
· For out of coverage operation, Mode-2(c) assumes (pre)-configuration of single or multiple sidelink transmission patterns (patterns are defined on each sidelink resource pool). 
· For in-coverage operation, Mode-2(c) assumes that gNB configuration indicates single or multiple sidelink transmission patterns (patterns are defined on each sidelink resource pool)
· FFS pattern design in time and frequency for periodic and aperiodic traffic
· If single pattern is configured to transmitting UE there is no sensing procedure executed by UE
· If multiple patterns are configured to transmitting UE there is a possibility of sensing procedure executed by UE
· Pattern is defined as follows
· Size of the resource in time and frequency
· Position(s) of the resource in time and frequency
· Number of resources
· FFS pattern selection procedure by UE
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



RAN1#95
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
· 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
· 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
· UE behavior to (re)-select scheduling UE(s)
· UE behavior to associate to scheduling UE(s)
· UE behavior when scheduling UE stop scheduling
· Resource management to address collision/interference and half-duplex issues b/w UEs scheduled by different scheduling UEs
· Relationship between scheduling UE and UE groups from upper layer perspective
· Whether UEs from the same upper layer group are served by the same scheduling UE
· Resources used for communication before UE is associated with a scheduling UE
· Procedures to switch between Mode-2(d) from/to other submodes 


In this contribution, we give our views on the basic design considerations of NR sidelink resource allocation methods. Considering the stringent requirements of advanced V2X services, we present some potential solutions for sidelink resource allocation by means of mode 1 and mode 2. 
Note: This is an updated/revised submission of [7].

[bookmark: _Ref129681832]Basic considerations on NR sidelink resource
NR sidelink operate on both NR licensed spectrum and unlicensed ITS spectrum
NR-V2X study item [1] covers the scenarios of the NR sidelink operate on both NR licensed spectrum and unlicensed ITS spectrum also in both the low (i.e. sub-6 GHz) and the high frequency bands (i.e. above 6 GHz). Therefore, both unlicensed band and NR licensed band(s) need to be considered for NR sidelink resource configuration. 
Proposal 1: Both unlicensed band and NR licensed band(s) need to be considered for NR sidelink resource configuration.

Sidelink resource allocation based on base station scheduling and autonomous selection
The base station scheduling method is feasible for the scenario of a V2X UE under network control. By this way, the base station can allocate the resource to achieve a better resource utilization and reduce the interference. One concern for this method is the latency, which can be increased due to the inevitable coordination between base station and V2X UE.
The autonomous selection based method, on the other hand, belongs to a distributed method with lower latency. UE autonomously selects its resource by sensing the resource pool. 
Proposal 2: The details of base station scheduling and autonomous selection method need to be carefully studied.

Requirements of advanced V2X services
Based on the SID [1], NR-V2X is expected to support the advanced V2X services, which are classified into four use case groups: vehicle platooning, advanced driving, extended sensors and remote driving [2,3]. NR-V2X must support a variety of traffic: including periodic traffic characterized with quasi-deterministic parameters, aperiodic traffic with unpredictable packet arrival time and varied packet sizes.  Meanwhile, the performance requirements for NR-V2X are quite stringent. As shown in Table I, in some use cases, e.g., for advanced driving and extended sensors, the reliability requirement is 99.999% and the latency requirement is 3 ms, respectively. Hereinafter, the packets with the most stringent requirements are referred as critical packets.
Table I Performance Requirements of advanced V2X services
	Use case group
	Max end-to-end latency (ms)
	Payload (Bytes)
	Reliability (%)
	Data rate (Mbps)
	Min required Communication range (meters)

	Vehicle Platooning
	10 ~ 500
	50 ~ 6000
	90 ~ 99.99
	[50] ~ [65]
	80 ~ 350

	Advanced driving
	3 ~ 100
	300 ~ 12000
	90 ~ 99.999
	10 ~ 50
	360 ~ 500

	Extend sensors
	3 ~ 100
	[1600]
	90 ~ 99.999
	10 ~ 1000
	50 ~ 1000

	Remote driving
	5
	-
	99.999
	UL: 25
DL: 1
	-



Observation 1. Both periodic traffic and event-driven traffic need to be supported in NR-V2X.
Observation 2. In some use cases, NR-V2X needs to meet reliability requirement of 99.999% under latency target of 3 ms.

Discussion on NR-V2X sidelink resource configuration 
Considerations on NR sidelink slot structure
For NR-V2X, Uu licensed spectrum should be supported for sidelink transmission. Considering the different application scenarios of NR, like URLLC and eMBB, NR accepts to use flexible frame structure. In NR, the downlink only, the uplink only, and the flexible slot are supported. For the flexible slot, it includes some symbols with ‘unknown’ direction, which can be overwritten on a per-UE basis, or a group-common DCI with SFI-RNTI.  
Since the NR-V2X needs to use Uu licensed spectrum, a multiplexing of Uu and NR sidelink should be 
supported. For flexibly using the Uu resource, the NR sidelink can use the similar slot structure for multiplexing Uu and slidelink. As shown in Fig. 1, both sidelink-only and multiplexed Uu & SL slot need to be supported for NR V2X (AGC symbol, gap symbol, etc. are included in SL). 
[image: ]Comparing with the NR slot structure, it needs to introduce a new part, e.g., ‘SL’ part for NR sidelink slot structure.  Here, the ‘SL’ part may include the UL resource allocated for sidelink using and/or also the unknown symbols which can be dynamically configured for sidelink uses.

Figure 1. NR sidelink slot structure

In NR, it supports dynamic TDD configuration for DL and UL by using the unknown symbols. Similarly, it needs to support dynamic SL resource configuration to accommodate Uu and SL resource in the same band for the scenario of the SL resource is configured on NR Uu licensed band. Based on the dynamic SL resource configuration, it can use the unknown symbols dynamically to assure the traffic requirements, like low latency. 
[bookmark: _GoBack]Proposal 3: Both the sidelink-only slot structure and the multiplexed Uu & SL slot structure need to be supported for NR-V2X.
Proposal 4: It needs to introduce a new part, e.g., ‘SL’ part for NR sidelink slot structure, which include the UL resource allocated for sidelink uses and/or the unknown symbols.
Proposal 5: It needs to support dynamic SL resource configuration, if SL resource is configured on NR licensed band.
Resource pool and Bitmap
In LTE-V2X, the resource pool in time domain is defined by a repeating bitmap mapped to all subframes except downlink subframes and sidelink synchronization subframes. The bitmap length for LTE-V2X can be 16, 20, or 100. For the uplink subframes, the bitmap can indicate which subframes are used for LTE-V2X. For example, in bitmap, the bit indicates 1 means that this subframe can be used for V2X transmission, while 0 means that it is used for uplink transmission, as shown in Figure 5. Thus, using this bitmap information, those uplink subframes used for LTE-V2X are becoming the time resource of a resource pool. Then V2X UE can select resource from resource pool for its transmission. 
Using the above bitmap scheme, LTE-V2X support the broadcast by using flexible configuration of resource pools so that different resource pools in a carrier can be TDM, FDM or a mix of TDM/FDM. For NR Sidelink communication, not only broadcast but unicast and groupcast should also be supported. Thus, similar to LTE-V2X, NR sidelink should use the resource pool as well, based on the bitmap scheme for resource selecting and SCI blind detecting. 

Proposal 6: NR sidelink should use the resource pool as well based on the bitmap scheme for resource selecting and SCI blind detecting.

In Rel.13 D2D, multiple transmission resource pools (up to 8) can be (pre-)configured. Each pool can have one or more associated priority, i.e., PPPP. For transmission of a MAC PDU, the UE can select a transmission pool based on the PPPP identified in the MAC PDU. Considering that NR-V2X should support diverse traffic with different QoS requirements, it is beneficial to adopt similar concept to (pre-)configure multiple resource pools based on QoS levels. However, separate resource pools for different QoS levels might lead to significant waste of radio resource. To satisfy various QoS requirements without sacrificing resource efficiency, a QoS based resource pool selection and switching mechanism could be considered. The details of QoS based resource pool selection and switching mechanism will be presented in the next section. 

Proposal 7: NR sidelink should support QoS based resource pool configuration.

NR-V2X need to support low latency traffic, such as 3ms end to end latency. By using resource selection from bitmap based resource pool, it may result in extra latency considering the existing of the slots indicated as 0 from bitmap, which cannot be used for sidelink. As shown in Figure 2, when emergency V2X traffic exists, it has to wait for 3 slots since there are no available resource for NR sidelink uses within 3 slots as indicated by bitmap. Thus, the latency will be increased by 3 slots as shown in the figure. Therefore, the method to assure the low latency requirement should be further studied by using the bitmap based resource indication.

[image: ]
Figure 2 Example of bitmap indication

Proposal 8: The method to assure the low latency requirement should be further studied by using the bitmap based resource indication.

Discussion on NR-V2X sidelink resource allocation 
Fast SL scheduling mechanism for NR-V2X Mode 1
In previous RAN1 meeting, it is agreed to continue studying the following resource allocation techniques for NR-V2X mode 1: dynamic resource allocation, activation/deactivation based resource allocation and RRC (pre-)configured resource allocation. As discussed in [4], dynamic resource allocation is more capable of handling aperiodic packet characterized with unpredictable packet arrival time and varied packet size. In LTE-V2X, dynamic resource allocation follows the SR-BSR procedure. In other words, if there is no available resource/grant when V2X traffic arrives at the VUE side, the VUE shall send SR for requesting uplink (UL) resources first, and then transmit sidelink (SL) BSR according to the received UL grant. Based on the SL BSR, the eNB can schedule corresponding SL resources, accordingly. As pointed out in the previous section, NR-V2X is required to meet the latency target as low as 3 ms. According to the analysis [5], if NR-V2X follows the same resource request procedure as LTE-V2X, it is quite difficult to satisfy the stringent latency requirement. 
To reduce latency, one candidate solution is a fast SL scheduling mechanism. A fast UL scheduling has already been supported for URLLC in Rel.15 NR. In this scheme, the base station can schedule UL resources for a UE after receiving a SR without the reception of a followed BSR. Similar concept can be adopted to sidelink to enable fast SL scheduling, as depicted in Figure 3. An uplink control information (UCI) can be introduced for sidelink resource requesting. Such an UCI can carry all or a part of the following information to help the base station to allocate SL resources: SR for SL resources; SL BSR; QoS attributes such as communication types (broadcast/groupcast/unicast), latency and reliability requirements, minimum communication range, etc. After receiving the UCI, the base station can schedule sidelink resources for a VUE without additional BSR transmission. As analysed in [4], the latency target of 3 ms can be achieved by the fast SL scheduling mechanism.
[image: ]
Figure 3. Fast sidelink scheduling mechanism

Proposal 9: For NR-V2X mode 1 dynamic resource allocation, it needs to consider the fast SL scheduling mechanism as a candidate-scheduling scheme. Details of the UCI design are FFS.

Preemption mechanism
The autonomous resource selection mechanism of LTE-V2X is tailored for periodic traffic. In LTE-V2X, selected resources based on long-term sensing results (RSRP and RSSI) are reserved for the packet of the next period. The information of resource reservation is encoded in SCI. Other UEs can use this information to perform resource exclusion and the resource reserved by packets with higher priorities will most likely be excluded. However, such mechanism is not suitable for critical packets. Due to unpredictable arrival time, it is difficult to reserve resource beforehand for critical packets. Beside, as discussed in [6], the latency reduction below 20ms for resource selection leads to increased probability of collision and reporting the low SINR resources for selection. Under such situation, there is no guarantee that adequate resource can be selected for critical packet. 
For NR, the multiplexing of eMBB and URLLC was supported. It was accepted to use preemption indication method to allow URLLC traffic to preempt the eMBB traffic considering the uncertainty of URLLC traffic. Similarly, the NR-V2X traffic has different types which may have different priorities and latency requirements. It is a feasible way to support the preemption indication method for NR-V2X as well. Therefore, it may permit the UE with the higher priority V2X traffic to preempt the resource reserved by low priority traffic as the targeted resource if there are no available enough resources. Then, the related UEs with lower priority packet which has reserved the targeted resource will release its reservation. As shown in Fig. 4, it assures the critical V2X packet to be transmitted within its stringent latency. The UE with the critical V2X packet can send the preemption indicator to other UEs via multicast or broadcast. The recommended resources that the UE wants to preempt can be included in the preemption indicator signaling. The channel or resource used for transmitting the preemption indicator should be further studied.
One possible way is the preemption indicator can be included in the form of PSCCH, which could be decoded by other UEs. Another way is the preemption indicator can be transmitted in another special form with a dedicated channel using the dedicated resource. If the related UE have their own transmission as well in the slot with the preemption indication transmission based on PSCCH, they cannot decode the preemption indication considering the half-duplex constraint. This issue should be considered when design the transmission timing of preemption indication. For the case the preemption indicator transmitted in another special form, the resource configuration for the preemption indicator should be studied. 
Therefore, the details of the preemption based method to indicate the UE with low priority packet to release its reservation needs to be further studied. 

Proposal 10: The resource preemption method for NR-V2X sidelink communications is supported. The details on the preemption method need to further study
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                                       Figure 4. Example of releasing the reserved resource

Scheme of releasing the reserved resource 
The scheme to let the UE itself to release/update the reserved resource should be studied considering the following scenarios:
· For periodic traffic, V2X UE normally reserve resources at every transmission for the next data. Based on sensing, the UE excludes the resource reserved by others. When there are no actual data for transmission, the reserved resource may be wasted if it cannot be used by other UEs.
· NR-V2X needs to support higher reliability, it may need to reserve some resource for supporting repetitions. Using repetitions, the reliability can be satisfied. However, if the receiving UE has successfully decode the data, the remaining reserved resource is not required. For these reserved resource, it should be released for other UEs using. 
· For mode 2c, the UEs are pre-configured with TFRP patterns. When there are no actual data transmission, the pre-configured resource needs to be released in this scenario as well.
 
Proposal 11: The method to release the reserved resource needs to be studied when there are no data transmission for this reserved resource. 

The sending UE can include the information on its SCI to indicate the using or un-using the reserved resource. The other UEs can operate sensing before using the released resource to avoid collision. It is also possible the other UEs notify the using or un-using of the reserved resource by monitoring the ACK/NACK of the sending UE. If the feedback to the sending UE is ACK, the other UEs can start to use the reserved resource. It means the UE needs to decoding the PSCCH and SFCI (sidelink feedback control information) during the sensing procedure for its resource selection. 

Proposal 12: SFCI should be used in the sensing procedure for resource selection. 

QoS based resource pool selection and switching mechanism
In order to guarantee available resources for a critical V2X packet, an alternative solution is to (pre)configure a dedicated resource pool. Some collision avoidance mechanism, such as listen-before-talk (LBT), can be applied to avoid collision when multiple UEs compete for resources. However, it is highly inefficient since the critical packets are sporadic. 
To meet the stringent requirements of the critical packets without sacrificing much resource efficiency, a QoS based resource pool selection and switching mechanism can be considered. To exemplify the working of this mechanism, let us assume there are two kinds of V2X packets: one is critical packets with QoS level-1 (reliability requirement of 99.999% and latency requirement of 3 ms); the other one is periodic packets with QoS level-2 (reliability requirement of 99.99% and latency requirement of 10 ms).  Accordingly, let us assume there are two resource pools configured. The resource pool-1 applies the sensing based SPS resource selection mechanism. The resource pool-2 applies the LBT based resource selection mechanism, as shown in Figure 5, a symbol-level sensing window are used before transmission to sense whether the resource is occupied or not. Different sizes of the symbol-level sensing window can be (pre-)configured based on QoS level. A smaller size is (pre-)configured for a higher QoS level to guarantee it can access the channel faster. 
[image: ]
Figure 5. LBT procedure with symbol-level sensing window

For V2X packets with different QoS levels, the selection priorities of different resource pools are listed in Table II. 
· For the critical packet with QoS level-1: it can use resource pool-1 and resource pool-2 with equal priority, i.e., it can select one randomly between these two resource pools.
· For the periodic packet with QoS level-2: it can use resource pool-1 and resource pool-2, with resource pool-2 being selected with higher priority than resource pool-1.  

Table II QoS based selection priorities of resource pools
	QoS                  Selection priority
	Priority 1
	Priority 2

	QoS level-1
	Resource pool-1, resource pool-2
	-

	QoS level-2
	Resource pool-2
	Resource pool-1





As illustrated in Figure 6, the V2X application running at UE-1 generates a critical packet with QoS level 1 and the V2X application of UE-2 generates periodic packets with QoS level 2. For UE-1, after the critical packet arrives, it has the freedom to choose randomly between the resource pool-1 and the resource pool-2. On the other hand, the UE-2 must select the resource pool 2 first. After resource exclusion, if there is no sufficient resource within the selection window of the resource pool 2, the UE-2 can switch to resource the pool-1 and perform LBT to select an idle resource for transmission. Other switching conditions can also be considered, such as the CBR of the current resource pool is higher than a (pre-)configured threshold, etc. The details of switching condition need to be further studied.
[image: ]
Figure 6. QoS based resource pool selection and switching mechanism

Proposal 12: The QoS based resource pool selection and switching mechanism can be supported to assure the UE with a low latency packet to timely obtain the resource for its critical packets. Details of switching condition are FFS.

Conclusions
In this contribution, some potential mechanisms for mode 1 and mode 2 NR-V2X resource allocation considering the stringent requirements on reliability and latency are discussed. The following observations and proposals are made:
Observation 1. Both periodic traffic and event-driven traffic need to be supported in NR-V2X.
Observation 2. In some use cases, NR-V2X needs to meet reliability requirement of 99.999% under latency target of 3 ms.
Proposal 1: Both the unlicensed band and NR licensed band(s) need to be considered for NR sidelink resource configuration.
Proposal 2: The details of base station scheduling and autonomous selection method need to be carefully studied.
Proposal 3: Both the sidelink-only slot structure and the multiplexed Uu & SL slot structure need to be supported for NR-V2X.
Proposal 4: It needs to introduce a new part, e.g., ‘SL’ part for NR sidelink slot structure, which include the UL resource allocated for sidelink uses and/or the unknown symbols.
Proposal 5: It needs to support dynamic SL resource configuration, if SL resource is configured on NR licensed band.
Proposal 6: NR sidelink should use the resource pool as well based on the bitmap scheme for resource selecting and SCI blind detecting.
Proposal 7: NR sidelink should support QoS based resource pool configuration.
Proposal 8: The method to assure the low latency requirement should be further studied by using the bitmap based resource indication.
Proposal 9: For NR-V2X mode 1 dynamic resource allocation, it needs to consider the fast SL scheduling mechanism as a candidate-scheduling scheme. Details of the UCI design are FFS.
Proposal 10: The resource preemption method for NR-V2X sidelink communications is supported. The details on the preemption method need to further study.
Proposal 11: The method to release the reserved resource needs to be studied when there are no data transmission for this reserved resource. 
Proposal 12: SFCI should be used in the sensing procedure for resource selection. 
Proposal 13: The QoS based resource pool selection and switching mechanism can be supported to assure the UE with a low latency packet to timely obtain the resource for its critical packets. Details of switching condition are FFS.
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