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1. Agreements from the RAN1 #100bis-e
The resource allocation for NR sidelink mode 2 in RAN 1 #100bis e-meeting [1] agreements are shown as follows.

Agreements:
· It is up to UE implementation to reselect any pre-selected but not reserved resource which is still in the identified resource set after Step 1 in order to ensure the timing restrictions during reselection triggered by re-evaluation and/or pre-emption
· The timing restrictions at least include the HARQ RTT related minimum gap Z agreed in RAN1#100e
· FFS how to handle the case that there is no resources satisfying the timing restrictions in the identified resource set after Step 1

Agreements:
· The procedure to check whether a reserved resource to be signaled in slot ‘m’ should be re-selected due to pre-emption:
· A regular Step 1 (as in 8.1.4 in 38.214) of the resource (re-)selection procedure is performed 
· If the reserved resource is still in the identified candidate resource set after the Step 1 execution, then Step 2 for reselection of the reserved resource(s) is not triggered
· If the reserved resource is NOT in the identified candidate resource set after the Step 1 execution
· If the resource is excluded by comparison with the RSRP measurement for an SCI associated with a priority which can trigger pre-emption, then Step 2 for reselection of the reserved resource(s) is triggered
· If the resource is excluded by comparison with the RSRP measurement for an SCI associated with a priority which cannot trigger pre-emption, then Step 2 for reselection of the reserved resource(s) is not triggered
Agreements:
· Once pre-emption re-selection condition is met at the UE, re-selection is performed for all resources which satisfy the pre-emption re-selection condition 
· A UE ensures the HARQ RTT related minimum time gap Z agreed in RAN1#100-e, between re-selected and non-preempted resources during the re-selection triggered by pre-emption
· FFS cases when timing restriction could not be met
· FFS whether/how to extend it to periodic reservations
Agreements: Finalize the RRC parameter for pre-emption activation per resource pool by
· Disabled
· Enabled. Default is without a priority level (i.e., pre-emption is applicable to all levels). 
· Can optionally configuring a priority level p_preemption {1…8} (the value range is a working assumption), and (as a working assumption regarding “<”) if prioRX < p_preemption, and prioTX > prioRX, then pre-emption can be triggered 
· Note: In the inequalities it is assumed that the lowest priority value corresponds to the highest priority/importance traffic
· prioRX is the priority associated with the resource indicated in SCI, as per 8.1.4 in 38.214
· prioTX is L1 priority within a UE associated with the reserved resources, as per 8.1.4 in 38.214
Agreements:
· In Step 2, a UE should/shall select resources so that HARQ retransmission resources can be reserved by a prior SCI, except that
· In case no resource can be found for reservation (e.g., based on the identified candidate set after Step 1) for a retransmission of a TB, the re-transmission can be transmitted on a resource that is not reserved
· After the resource selection is performed, HARQ retransmission on a resource not reserved by a prior SCI is allowed due to transmission dropping caused by prioritization, pre-emption and congestion control
· To discuss and conclude “should vs. shall” in RAN1#101

Working assumption:
· The UE should/shall indicate min(Nselected, N) first-in-time resources when setting the values of frequency resource assignment and time resource assignment in SCI format 0_1, where
· Nselected is the number of resources selected by MAC within 32 slots (including the current one)
· N is the maximum number of resources that can be signalled in one SCI
· To discuss and conclude “should vs. shall” in RAN1#101

Conclusion:
· Prioritization of earlier resources for the initial resource selection is not specified in Rel-16
· No additional spec update is expected


In this contribution, we provide our views on resource allocation in NR sidelink mode 2, including the issues left open in the previous agreement.
2. NR Sidelink Mode 2 Resource Allocation 
LTE sidelink resource sensing may not be suitable to solve the aperiodic traffic. It may take 1000 (ms) for resource sensing and do not match the low latency for NR sidelink. Furthermore, if all of the UE does the resource sensing and selection without any information from the base station or other users (UEs), it will cause a severe collision problem. Therefore, we need to redefine and redesign sidelink resource sensing procedure for NR sidelink mode 2.  
2.1 Resource Sensing Procedure 
Regarding the duration of the resource sensing procedure, the SCI decoding applied during the sensing process reached consensus in previous meetings [2] [3] [4]. In order to improve resource utilization of NR sidelink and reduce resource collision, long-term sensing may not be the only resource sensing process. Generally, the sidelink measurement and sidelink decoding information is used to identify occupied or idle resources. The information used for sidelink measurement includes S-RSRP, S-RSSI, S-RSRQ, and geographic location information. The sidelink information obtained from SCI decoding should include time / frequency resource allocation, resource reservation, and packet priority. As shown in fig. 2, the UE can decode the SCI in each time period. The UE has the entire resource allocation information and resource reservation information for future time periods. However, it depends on the capabilities of the UE. Long-term sensing is mainly designed for periodic traffic, which can well solve the resource allocation conflict problem of LTE sidelink.
The main question is whether long-term perception can also perfectly handle periodic and aperiodic traffic resource allocation. The answer is no. There are many types of traffic in NR sidelink mode 2, and aperiodic traffic is very urgent. The resource allocation collision of NR sidelink mode 2 will face more severe challenges than LTE sidelink mode 4. Therefore, in order to effectively deal with resource collision in NR sidelink mode 2, we support a hybrid resource sensing procedure for periodic and aperiodic traffic. The hybrid resource sensing procedure includes long-term sensing and short-term sensing.
Proposal 1: In order to effectively deal with resource collision in NR sidelink mode 2, we support the hybrid resource sensing procedure for periodic and aperiodic traffic. 
Proposal 2: The hybrid resource sensing procedure includes long-term sensing and short-term sensing procedure. 
There are several advantages to short-term sensing. One of the key advantages is that short-term sensing can enhance long-term sensing to resolve resource collision. In addition, it is expected that short-term sensing will be able to handle unpredictable aperiodic traffic. Therefore, we support that short-term sensing and long-term sensing can be combined for the sidelink resource sensing procedure. 
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Figure 2: An example of hybrid resource sensing type 1 scheme

The hybrid resource sensing type 1 scheme is shown in Figure 2 and uses long-term sensing similar to LTE sidelink. After the trigger time, the periodic traffic UE will start to select resources in the selection window. When selecting resources, short-term sensing can also be performed simultaneously. UE can decode the SCI or measure the energy to find out the idle resources in the resource sensing procedure. In addition, short-term sensing may be based on the results of long-term sensing. However, hybrid resource sensing type 1 scheme may not be suitable for applications with frequent aperiodic traffic, and it has less standard impact. Therefore, we propose hybrid resource sensing type 2 scheme. As shown in figure 3, short term sensing can be done during the long term sensing. The aperiodic data comes when SCI decoding is completed or in progress, UE will perform the SCI decoding at the next short-term sensing. In short, resource sensing type 2 scheme can more flexibly address the coexistence of periodic and aperiodic traffic. Furthermore, resource sensing type 2 scheme can also achieve the purpose of reducing resource collision. However, the resource sensing type 2 scheme may increase the complexity of the resource sensing procedure than the resource sensing type 1 scheme, but it is a more efficient and low latency procedure. From our perspective, we support both hybrid resource sensing type 1 and type 2 scheme. 
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Figure 3: An example of hybrid resource sensing type 2 scheme

Proposal 3: From our perspective, we support both hybrid resource sensing type 1 and type 2 schemes.
2.2 Resource (Re-)selection Procedure with Re-evaluation and/or Pre-emption 

Agreements: (RAN 1 #98 meeting)
· The resource (re-)selection procedure includes the following steps
· Step 1: Identification of candidate resources within the resource selection window
· FFS details
· Step 2: Resource selection for (re-)transmission(s) from the identified candidate resources
· FFS details

Agreements: (RAN 1 #100b-e meeting)
· It is up to UE implementation to reselect any pre-selected but not reserved resource which is still in the identified resource set after Step 1 in order to ensure the timing restrictions during reselection triggered by re-evaluation and/or pre-emption
· The timing restrictions at least include the HARQ RTT related minimum gap Z agreed in RAN1#100e
· FFS how to handle the case that there is no resources satisfying the timing restrictions in the identified resource set after Step 1


The resource (re)-selection process in step 1 is to identify candidate resources in the resource selection window has been agreed in RAN 1 #98 meeting. Based on the discussions at the previous meeting, there are still some unresolved issues regarding the (re)-selection of resources. We will discuss how to handle the case that there are no resources satisfying the timing restrictions in the identified resource set after Step1. Because the timing restrictions are integral parts of sensing and resource selection and better to be ensured, we propose that UE should perform resource sensing and change the pre-selected resources that are still in the candidate resource set in the next period when there is no resource satisfying the timing restrictions in the identified resource set after Step 1. 
If there are enough resources for UE to select or the number of UEs is small, the resource collision issue is not significant when the resources satisfying the timing restrictions in the identified resource set after Step 1. However, if there are no enough resources that satisfying the timing restrictions in the identified resource set after Step 1 to be selected for the increasing number of UEs, it will cause severe resource collision problem. As above the discussion, the collision problem is severe if there are not enough resources that meet the timing restrictions. Therefore, it can help to reduce the collision problem by providing some assistance information.
The following assistance information can be indicated in sidelink control information (SCI):
· Priority information: A UE with high priority indicator has high priority order, and can select the resources first.
· Resource request timer information: Small value for a resource request time has high priority order, and can select the resources first.
· Resource required information: Small value for a resource required has high priority order, and can select the resources first.
Proposal 4: UE should perform resource sensing and change the pre-selected resources that are still in the candidate resource set in the next period when there is no resource satisfying the timing restriction in the identified resource set after Step 1.
Proposal 5: It can help to reduce the collision problem by providing some assistance information when there are not enough resources that meet the timing restrictions.
Proposal 6: The assistance information should include the priority information, resource request timer information and resource required information.

3 Geo-Based Resource Management for NR Sidelink
The mechanism of geo-based resource management techniques is similar to the radio resource sharing and reusing, i.e., reuse of radio resources at different geographical locations. For the NR sidelink use cases, the geo-based resource management techniques may improve packet reception performance by reducing the impact from in-band emission and co-channel interference and reducing the latency and increasing the reliability. The in-band emission effect is one of the main limiting factors in vehicular deployments and thus it is desirable to utilize system-level approaches to reduce its negative impact. In addition, the geo-based resource management techniques can be utilized to substantially reduce the co-channel collision problem so that vehicles transmit on orthogonal resources improving interference conditions in certain range. The major idea of geo-based resource management scheme is that managing target vehicles to different geo-zones. Each geo-zone uses difference subset resource to reduce the interference impact between vehicles of different geo-zone. As a result, the interference of geo-zones apart from the others can be low. And it makes the benefit from the resource-reuse scheme possible. 
From our observation, resource-reuse can improve the packet receive rate but it also increases the interference. Therefore, apropos dividing vehicles into the different groups to form a geo-zone can efficiently improve the location-based resource allocation. The major impacts of location-based resource allocation can be discussed in two parts, the intra-geo-zone interference and inter-geo-zone interference. The intra-geo-zone interference means that vehicles in the same geo-zone which use the same resource to transmit. The inter-geo-zone interference is that vehicles in different zone impact each other.
For out-of-coverage sidelink service, the density of vehicle in a geo-zone will directly effect the intra-geo-zone interference. Higher density indicates that vehicles could have a higher probability in competing for the same resource at the same time, so that the intra-geo-zone interference will be increased. For in-coverage/part coverage sidelink service, it can be seen that the intra-geo-zone interference does not exist because gNB can properly assign the resource. However, in the high-density scenarios, the resource may not be sufficient to support all the urgent transmission with a low latency requirement.   
Proposal 7: The mechanism to report geographical information to gNB should be FFS.
4.	Conclusion
In this contribution, we discussed resource allocation in NR sidelink mode 2. The discussion and analysis lead to the following proposals:
Proposal 1: In order to effectively deal with resource collision in NR sidelink mode 2, we support the hybrid resource sensing procedure for periodic and aperiodic traffic. 
Proposal 2: The hybrid resource sensing procedure includes long-term sensing and short-term sensing procedure. 
Proposal 3: From our perspective, we support both hybrid resource sensing type 1 and type 2 schemes.
Proposal 4: UE should perform resource sensing and change the pre-selected resources that are still in the candidate resource set in the next period when there is no resource satisfying the timing restriction in the identified resource set after Step 1.
Proposal 5: It can help to reduce the collision problem by providing some assistance information when there are no enough resources that meet the timing restrictions.
Proposal 6: The assistance information should include the priority information, resource request timer information and resource required information.
Proposal 7: The mechanism to report geographical information to gNB should be FFS.
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