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1 Introduction
RAN#80 has approved a new SID for NR V2X [1]. One objective of this SID is to study sidelink resource allocation mechanism in NR, corresponding to the requirements set by SA1 in TR 22.886 [2] and TS 22.186 [3]. 

In this contribution, we will discuss what needs to be studied or reused for resource allocation mechanism over sidelink for NR V2X from RAN2 perspective, considering the agreements achieved in RAN1.
In RAN1#94, it is agreed that at least two sidelink resource allocation modes are defined for NR-V2X sidelink communication [4]:
· 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
Furthermore, 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
In RAN1#95, the following agreements was achieved for Mode-2(b)
	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


In this paper, we will have some discussion on resource management for NR V2X, including zone-based resource pool configuration and handling for intermittent coverage.

2 Discussion
2.1 Zone-based resource pool configuration for Mode 2
In LTE V2X, zone based resource pool configuration is introduced for mode 4. If UE A and UE B are sufficiently far away, they will determine themselves to be in different zones and consequently use orthogonal resource pools, thus minimizing the impact of the near-far effect. Considering that NR V2X mode 2 is similar to LTE V2X mode 4, i.e., UE determines the sidelink transmission resource, zone based resource pool configuration shall also be supported for NR V2X mode 2 to reduce the near-far effect.
Proposal 1: Zone-based resource pool configuration for NR Mode 2 is supported.
In LTE V2X, the world is divided into geographical ‘zones’. A zone is a geographical region that repeats periodically in latitude/longitude. The UE selects a radio resource pool based on the zone it is located in. Each radio resource pool is configured with a 
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identifying the zone where the pool may be used. Based on its location , a UE derives the identity of the zone it is located in as follows:
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One limitation of the zone approach in Rel-14 is the rectangular tiling of the plane, which is not the densest way to arrange circles (i.e., radio transmissions) in two dimensions. The closest packing of circles is achieved by the hexagonal tiling, resulting in the highest possible spectral efficiency per unit area.
Observation 1: LTE V2X zones are rectangular (in latitude/longitude), which is not optimal in terms of spectral efficiency.
To achieve high spectral efficiency, hexagonal zones can be considered. The hexagonal tiling (or hexagonal tessellation) is a regular tiling of the Euclidean plane, in which three hexagons meet at each vertex. The hexagonal tiling is the densest way to arrange circles in two dimensions.
Compared to the area 
  
 of a square cell, the area of a hexagonal cell is 
  
 (i.e., smaller than the square cell). Thus, for a given UE density, the number of UEs in a hexagonal cell is 0.886 times that in a square cell (i.e., fewer UEs than the square cell). As a result, the spectral efficiency of the hexagonal tessellation is ~15% higher.
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Figure 1. Hexagonal zones
Proposal 2: RAN2 to study how to define zones to achieve higher spectral efficiency, e.g., considering the hexagonal tessellation.
A second limitation is that resource pools are allocated to ‘zones’, however, vehicle density is not periodic in latitude/longitude. To achieve better performance, density should be considered for resource pool allocation.

A third limitation is that UE motion is not taken into account. When reserving periodic resources for a certain resource reselection period, the selected resources may quickly experience higher interference than expected at the time of resource selection. For example, on a two-way street, a quickly approaching vehicle may soon (i.e., within the resource reselection period) cause interference at a receiver, which the transmitter could not have predicted at the time of resource selection.
Observation 2: UE density and UE motion may adversely impact the performance of Mode 2 resource allocation.
Proposal 3: RAN2 to study aspects to be considered for resource pool allocation to achieve better performance, e.g., considering UE density, UE motion, etc.
2.2 Handling of short-term RRC connection interruption
The use of an in-coverage resource grant or configuration may sometimes need to be extended even though the UE experiences a short interruption to network connectivity. Two main reasons seem clear: 
· 1) sudden changes in the gNB coverage, e.g., severe temporary fading due to highly mobile and dynamic vehicular environment; and
· 2) Predictable gaps in the network reachability, such as tunnels, where vehicular UEs experience longer, but time-limited out-of-coverage conditions. 

In Rel 14/15 LTE-V2X, as soon as they enter out-of-coverage, UEs resort to sensing-based autonomous resource selection mode (called “Mode 4”) to perform SL V2X transmissions, “exceptional pools” is used before the sensing result is available, and when the sensing result is available, the resource pools broadcast by the eNB or pre-configured resource pools will be used for data transmission. 
However, in any of the above cases, the performance of NR SL V2X communications for a UE switching for a short while to Mode 2 operation will be degraded:

· Ongoing SL V2X Mode 1 transmission/receptions are delayed or ceased due to not receiving control information from gNB, particularly during a severe temporary fading, which may degrade the performance of safety applications.

· Upon loss of coverage without any notice in advance, where UEs switch from SL Mode 1 to Mode 2, difference in the availability of resources in different modes will degrade the performance of advanced V2X use cases.
Observation 3: Switching from Mode 1 to Mode 2 sidelink operation due to short-term interruptions in RRC connectivity can impact the performance of advanced V2X use cases.
To satisfy the stringent requirements for the advanced V2X use cases, the handling of advanced V2X use cases when the loss of RRC connectivity is only brief, whether predicted or unpredicted from the network’s point-of-view is worth defining..
In the case of unpredicted interruption, for example, due to sudden vehicular environment variation, e.g., LOS on the Uu link blocked by a truck, , gNB can pre-configure a “default” UE behaviour, which allows the UEs to continue using their already-allocated Mode 1 resources, (e.g., configured grants). The usage is allowed until a configured threshold is reached by the UE. An example is shown in Figure 2.
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Figure 2. Illustration for the transmission when RRC connection interruption occur
Figure 2 illustrates that SL mode 1 resources continue to be used by a UE until the threshold is met. During this time, UE may re-establish its connection to the network. Then, the performance of ongoing V2V transmissions remains unaffected. Otherwise, UE switches to mode 2 operation after the threshold is met. 

Proposal 4: To maintain reliable SL transmissions when a UE experiences RRC connection interruption, gNB broadcasts a configuration allowing use of current configured grants until a configured threshold on e.g. time is reached.
The configuration provided by the gNB can also be UE-specific. This is particularly relevant in case the short-term interruption is known to the network beforehand, e.g., via detecting a decrease in RSRP values in the UE measurements, or long-term interruptions due to fixed infrastructure such as a tunnel. In such cases gNB can provide a grant for the UEs to use during disconnection period. In addition to the case of continued use of the same resources used under RRC connection, new resources can also be assigned specifically for when a RRC connection is interrupted.
Proposal 5: gNB can provide a configuration so that UE can start or continue using a mode-1 SL grant when it experiences RRC connection interruption, until e.g. a UE-specific timer expires.
3 Conclusion

In this paper, we have some discussion on resource management for NR v2X, which includes zone-based resource pool configuration and handling for intermittent coverage, and we have the following observations and proposals:
Observation 1: LTE V2X zones are rectangular (in latitude/longitude), which is not optimal in terms of spectral efficiency.
Observation 2: UE density and UE motion may adversely impact the performance of Mode 2 resource allocation.
Observation 3: Switching from Mode 1 to Mode 2 sidelink operation due to short-term interruptions in RRC connectivity can impact the performance of advanced V2X use cases.
Proposal 1: Zone-based resource pool configuration for NR Mode 2 is supported.
Proposal 2: RAN2 to study how to define zones to achieve higher spectral efficiency, e.g., considering the hexagonal tessellation.
Proposal 3: RAN2 to study aspects to be considered for resource pool allocation to achieve better performance, e.g., considering UE density, UE motion, etc.
Proposal 4: To maintain reliable SL transmissions when a UE experiences RRC connection interruption, gNB broadcasts a configuration allowing use of current configured grants until a configured threshold on e.g. time is reached.
Proposal 5: gNB can provide a configuration so that UE can start or continue using a mode-1 SL grant when it experiences RRC connection interruption, until e.g. a UE-specific timer expires. 
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