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1. Introduction
At RAN1#94bis, the resource allocation mechanism related agreements [1] are shown as follows,
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

Agreements:
· The following aspects about assistance information are studied for Mode 2(b)
· Which assistance information is used and how it is acquired
· Which UE sends assistance information
· How to deliver assistance information, including physical channel and UE behavior
· How assistance information is taken into account in determination of sidelink resource for transmission
· RAN1 to further study whether some or all of Mode-2(b) functionality is a part of Mode-2(a)(c)(d)

Agreements:
· The following aspects are studied for Mode 2(c)
· How to assign resource(s) for UE sidelink transmission to mitigate collisions and half-duplex impacts
· Whether any sensing or resource selection procedure is used on top of configured grant(s)
· Whether and how to use any granted but unused resources
· How to adapt to traffic variation
· How it is different from Mode-1 operation for in-coverage scenario
· How it is different from Mode-2(a), when Mode-2(a) uses dedicated resource pool with dedicated sidelink resource pool configuration
· Whether and how this mode operates out of network coverage
· RAN1 to further study whether some or all of Mode-2(c) functionality is a part of Mode-2(a)(b)(d)

Agreements:
· The following aspects are studied for Mode 2(d)
· In which use cases/scenarios this mode is applicable
· What is the overall architecture for Mode-2(d) operation
· How to decide which UE schedules which other UE(s) and how to maintain this relationship
· What is the procedure of UE(s) when the scheduling UE disappears
· What is the scheduling UE behavior and signaling mechanism to schedule sidelink resources for transmission/reception for other UEs
· Which resources can be used to schedule other UEs 
· Inter- and intra-UE collision handling and sidelink resource allocation mechanisms across groups 
· RAN1 to further study whether or not some or all of the above aspects are applicable to 2(b)
In this contribution, we present our views on using the sidelink resource allocation with mode 2 in this contribution. 
2. NR Sidelink Resource Management for Mode-2 operations 
As mentioned in the RAN 1 #94 agreement, there are four types of NR sidelink resource management for mode-2 operation, it shows as follows:
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

For mode-2, UE determines the sidelink transmission resources within sidelink without BS or (pre-) configured sidelink resources by base station/network. Moreover, traffic patterns (periodic/aperiodic), BS (gNB and eNB) intensity, user intensity, coverage, mobility, latency, reliability and QoS requirements need to be considered, the legacy sidelink resource allocation schemes may not be suitable to be reused for NR V2X mode 2 operations. 
2.1. Geo-Based Resource Management for NR V2X
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 V2X 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.
Observation 1: 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. 
For out-of-coverage V2X 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 V2X 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.   
Observation 2: Geo-based resource management techniques require cross-layer interaction, hence that proper radio resources for vehicle transmissions are selected based on vehicle geo-position. 
Proposal 1:  The mechanism to report geographical information to gNB should be FFS
3. Discussion on Resource Management for Mode-2 Operation 
[bookmark: _GoBack]Mode 2 (a) is similar to LTE mode 4, UE autonomously selects sidelink resource after sensing the resource pool. To reduce collision problem, sensing is necessary for mode 2 (a) operation. However, the sensing may not help that much since no information on future resource availability can be obtained from the sensing of aperiodic resource occupation. For our observation, different sensing period or different size (frame-based/subchannel-based/slot-based) sensing may assist to solve the aperiodic traffic problem and find out the idle resource efficiently. The modified resource sensing mechanism may FFS. On the other hand, resource selection also need to be redesigned. When aperiodic traffic comes instantly, legacy resource pool for LTE V2X is not suitable. Therefore, dedicated resource pool or reservation resources for aperiodic traffic need to be considered. In this case, UE just needs to select the resources from the dedicated resource pool or reservation resources when aperiodic traffic comes. Furthermore, some information (e.g. DCI/SCI, etc.) can be used by the UE for the resource selection procedure. 
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Figure 1: Example for the Aperiodic and Periodic resource pool
Proposed 2: Different sensing period or different size (frame-based/subchannel-based/slot-based) sensing may assist to solve the aperiodic traffic problem and find out the idle resource efficiently. The modified resource sensing mechanism may FFS.
Proposed 3: Legacy resource pool for LTE V2X is not suitable for NR V2X when the periodic and aperiodic traffic simultaneously exist. Dedicated resource pool or reservation resources for aperiodic traffic need to be considered.
For mode 2 (b), some information (e.g. service types, priority order, geo-information) may assist from other UE. The assistance information can reduce latency in sensing and also manage the collision problem. In this case, UE with strong ability or nearest UE may transmit the assistance information to the other UEs instantly and it can also avoid the signal attenuation. Moreover, when UE transmits information with PC5 link, it may also get some assistance information from gNB.
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Figure 2: Example for mode 2 assistance information 
Proposed 4. When UEs transmit information with PC5 link, it may also get some assistance information from gNB.
For mode 2 (c), the resource assignment is pre-configured by gNB. Both NR Uu link and PC5 link can be considered. For mode 2 (d), UEs may be classified into different group according to different service types (e.g. emergency service) or geo-zone information. In this case, UEs only need to sensing and select resources in specific resource pools. Scheduling will manage by the group header. The group header selection and scheduling mechanism will be FFS. When the scheduling UE signal becomes weak or disappear, it needs to decide whether to choose the new group header or not. Based on the geo-zone grouping, inter-user collision can be solved. However, intra UE collision still needs to be solved, especially in high intensity traffic. Intra UE collision handling mechanism need to be FFS. 

Proposed 5: UEs can be divided into different groups based on geo-information. Each group will decide the group header by some information. The group header selection mechanism will be FFS.
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                      Figure 3: Example for the geo-zone and its dedicated resource pool
In summary, some information need for UE to enhance the resource management for mode 2, especially the geo-information or other assistance information. For our view, mode 2 (b) can be used to further enhance mode 2 (a) (c) (d). Resource sensing and selection in all cases need assistance information from other UE or BS/Networks to achieve the low latency and improve the resource management ability. Therefore, for our observation, some of Mode-2(b) functionality can be used as a part of Mode-2(a) (c) (d).

Observation 3: For our observation, some of Mode-2(b) functionality can be used as a part of Mode-2(a) (c) (d).
4.	Conclusion
In this contribution, we discussed NR V2X mode 2(a) (b) (c) (d) resource management. The discussion and analysis lead to the following observation and proposals:
Observation 1: 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. 
Observation 2: Geo-based resource management techniques require cross-layer interaction, hence that proper radio resources for vehicle transmissions are selected based on vehicle geo-position. 
Proposal 1:  The mechanism to report geographical information to gNB should be FFS
Proposed 2: Different sensing period or different size (frame-based/subchannel-based/slot-based) sensing may assist to solve the aperiodic traffic problem and find out the idle resource efficiently. The modified resource sensing mechanism may FFS.
Proposed 3: Legacy resource pool for LTE V2X is not suitable for NR V2X when the periodic and aperiodic traffic simultaneously exist. Dedicated resource pool or reservation resources for aperiodic traffic need to be considered.
Proposed 4. When UEs transmit information with PC5 link, it may also get some assistance information from Uu link.
Proposed 5: UEs can be divided into different groups based on geo-information. Each group will decide the group header by some information. The group header selection mechanism will be FFS.

Observation 3: For our observation, some of Mode-2(b) functionality is a part of Mode-2(a) (c) (d).
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