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In RAN#80 meeting, the SID on 3GPP V2X phase 3 [1], i.e., NR-V2X, was approved. In this SID, one of the objectives is to study sidelink resource allocation mechanism.
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.


In RAN1#94 meeting, it was agreed to define at least two sidelink resource allocation modes. Furthermore, four sub-modes for mode 2 were agreed to be studied. 
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#94b and RAN1#95 meetings, the following agreements related to mode 2(a) were made:  
RAN1#94b
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




In this contribution, we first discuss the design principle for mode 2(a). Then the problems in the mixture scenario are analysed. To address the problems, we present our views on the design of sensing and resource selection procedure of mode 2(a).
[bookmark: _Ref129681832]
Design principles for mode 2(a)
LTE-V2X basically considers single traffic type which is periodic traffic with deterministic packet arrival time and packet size. Hence the autonomous resource allocation mechanism of LTE-V2X (mode 4) is optimized based on the semi-persistent nature of periodic traffic. It utilizes a reservation and long-term sensing based scheme.  UEs reserve their selected frequency resources (sub-channels) for a number of consecutive transmissions. The reservation information is indicated in the sidelink control information (SCI). By SCI decoding and sidelink energy measurements, a UEs can estimate low SINR resources when making its resource selection. As shown in Figure 1, after the arrival of a resource selection request, based on the long-term sensing results within a sensing window, the UE selects a sidelink resource from a selection window. 
[image: ]
Figure 1. LTE-V2X resource selection

NR-V2X must support more types of traffic [2,3] than LTE-V2X. Aside from periodic traffic, NR-V2X also needs to support aperiodic traffic with unpredictable packet arrival time and varied packet sizes. Meanwhile, the performance requirements for NR-V2X are quite stringent. In some use cases, e.g., advanced driving and extended sensors, the reliability requirement is 99.99% - 99.999% and the latency requirement is 3 - 10 ms, respectively. For the periodic traffic, the reservation and long-term sensing based scheme of legacy LTE-V2X can be reused. For the aperiodic traffic, if the same scheme is applied, most likely the performance will be affected and the stringent requirements cannot be met. Hence different principles of sensing should be considered for aperiodic traffic. Some collision avoidance mechanisms that are based on short-term sensing, such as listen-before-talk (LBT), can be applied to avoid collisions among aperiodic packets. 
Considering that design principles for periodic traffic and aperiodic traffic are different, some companies proposed to (pre)-configure separate resource pools for periodic and aperiodic traffic.  However, since it is difficult to predict the amount of resource required for each traffic type, the size of a resource pool required for a specific traffic type might be over-estimated or under-estimated. Therefore, NR-V2X mode 2(a) should consider the mixture scenario where diverse traffics with different performance requirements are multiplexed in the same resource pool. 
Observation 1. The design principle of LTE-V2X mode 4 mainly considers the periodic traffic. 
Observation 2. Both periodic traffic and aperiodic traffic need to be supported in NR-V2X.
Proposal 1. 
· For periodic traffic, the reservation and long-term sensing based scheme of LTE-V2X can be reused.
· For aperiodic traffic, the short-term sensing based resource selection scheme can be considered. 
Proposal 2. The design of NR-V2X mode 2(a) should consider the mixture scenario where diverse traffics with different performance requirements are multiplexed in the same resource pool.

Issues in the mixture scenario 
In the mixture scenario, traffics with different traffic types and different performance requirements are multiplexed in the same resource pool. As discussed in the previous section, the reservation and long-term sensing based scheme is suitable for the periodic traffic, while the aperiodic traffic can be handled by LBT-like mechanism. Therefore, it is beneficial to adopt a combination of above two schemes (illustrated in Figure 2). By the long-term sensing process (SCI decoding and sidelink measurements) conducted within the sensing window, resources reserved for the periodic packets are excluded in the selection window. The rest of resources form a candidate set of resources, and LBT procedure is conducted within the candidate set to select an unoccupied resource for transmission. However, a simple combination without any enhancements would result in the following problems: 
[image: ]
Figure 2. Combination of long-term and short-term sensing for NR-V2X mode 2(a) resource selection 

1. Inaccurate results of long-term sidelink measurements
In the legacy LTE-V2X mode 4 resource selection procedure, two long-term sidelink measurements metrics are utilized: PSSCH-RSRP and average S-RSSI. For the average S-RSSI metric, as shown in Figure 3, it is averaged over previous subframes with a pre-configured interval , as
                                            (1)
Since aperiodic packets are usually transmitted without reservation, if S-RSSI values of aperiodic packets are included in the numerator of Equation (1), the calculated average S-RSSI would not reveal the actual interference level of the candidate resource. Therefore, it is unreliable to include the sidelink measurement results of aperiodic packets in the long-term sensing procedure. 
[image: ]
Figure 3.　The average S-RSSI of a candidate resource

2. Increased collision probability for low latency V2X traffic
The range of selection window is set according to the latency target. Hence, a stringent latency requirement will lead to extremely short selection window. If the reserved resources distribute unevenly in time domain, the collision probability for low latency V2X traffic would increase. For example, as shown in Figure 4, the selection windows for UE-1, UE-2 and UE-3 have the same size of 3 ms, and they lie in the time period with dense reserved resources. Because there are only two candidate resources for three V2X packets, collision is inevitable. 
[image: ]
Figure 4.　The reserved resources distribute unevenly in time domain
Proposal 3. A combination of long-term and short-term sensing based resource selection procedure should be considered for NR-V2X mode 2(a).
Observation 3. In the mixture scenario, 
· it is unreliable to include the energy measurement results of aperiodic packets in the long-term sensing procedure;
· the collision probability for low latency V2X traffic may increase due to uneven distribution of reserved resources.

Sensing and resource selection procedure of mode 2(a)
To address the problems mentioned above, the following enhancements can be considered for the combination scheme for mode 2(a): 
Long-term sensing procedure
As discussed in section 3, it would produce an inaccurate sensing result if aperiodic packets are taken into account in the long-term sensing procedure. Hence, it is beneficial to exclude aperiodic transmissions for the sensing procedure conducted in the sensing window. An indicator can be included in SCI to differentiate between the periodic packets and aperiodic packets. If the transmission of an aperiodic packet is identified by SCI-decoding, the corresponding S-RSSI measurement result is excluded from the average calculation.
Resource selection procedure
To mitigate the uneven distribution of reserved resources, we introduce a balanced resource selection scheme for V2X packets that have long selection windows. The basic idea is, if the length of a selection window is larger than a pre-configured threshold (), 
· The UE divides the selection window into multiple sub-windows
· For in-coverage UE, the size of sub-windows can be configured by gNB. For out-of-coverage UE, the size of sub-windows can be preconfigured.
· These sub-windows can be separated or partially-overlapped in time domain. 
· For a sub-window i, it calculates channel reservation ratio (CRR) as the ratio of the reserved resources to the total resources, as expressed as
                                                             (2)
where  is the number of reserved sub-channels in sub-window i and  is total number of sub-channels in sub-window i. 
· An alternative way would be to use channel busy ratio (CBR) to estimate the channel utilization state in a sub-window.
· The CRR metrics are used as one of factors to select resource. After the resource exclusion by SCI decoding and PSCCH-RSRP measurements, a resource set SA is obtained. The resources in set SA are then ranked according to the CRRs of the sub-windows they belong to. The resource with the smallest CRR metric will be picked to resource set SB. This step is repeated until the number of candidate resources in the set SB becomes larger than or equal to a pre-configured threshold . Then the resources in the set SB are ranked according to the average S-RSSI metric. The resources with low interference level will be moved from the set SB to a candidate resource set Sc. Finally, the UE randomly selects M () resources from SC and performs the LBT procedure.
To exemplify the working of this scheme, let us assume a UE sets its selection window as shown in Figure 5. This selection window is divided into 2 sub-windows. The size for each sub-window is 3 ms. The CRRs for the sub-windows are:
  , . The resources belong to the resource set SA are coloured as blue. These resources take the CRRs of the sub-windows they belong to. The resource will be moved from the set SA to the  resource set SB  in increasing order of the CRR metrics, until the number of resources in the set SB reaches to the limit . Assuming that the threshold of  is configured as 5, then only the blue resources in sub-window 1 will be included in the set SB. In this way, the candidate resource in a sub-window with less reserved resources will be selected with higher priority.
[image: ]
Figure 5. The selection window is divided into two sub-windows

Proposal 4: 
· For the long-term sensing procedure, sidelink measurements of aperiodic packets should be excluded.
· The method to reduce collision probability of low latency packets needs to be studied considering the uneven distribution of reserved resources.

Conclusions
In this contribution, we provided initial views and analysis on sensing and resource allocation aspects for NR-V2X mode 2(a) in the mixture scenario. The following observations and proposals were made:
Observation 1. The design principle of LTE-V2X mode 4 mainly considers the periodic traffic. 
Observation 2. Both periodic traffic and aperiodic traffic need to be supported in NR-V2X.
Proposal 1. 
· For periodic traffic, the reservation and long-term sensing based scheme of LTE-V2X can be reused.
· For aperiodic traffic, the short-term sensing based resource selection scheme can be considered. 
Proposal 2. The design of NR-V2X mode 2(a) should consider the mixture scenario where diverse traffics with different performance requirements are multiplexed in the same resource pool.
Proposal 3. A combination of long-term and short-term sensing based resource selection procedure can be considered for NR-V2X mode 2(a).
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· it is unreliable to include the energy measurement results of aperiodic packets in the long-term sensing procedure;
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