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1	Introduction
The scope of the SI on NR V2X [1] includes the aspects related to radio resource management (RRM) for unicast, groupcast and multicast communications over sidelink (SL). Therefore, there is a need to discuss and agree on RRM mechanisms that facilitate high resource utilization and help to meet QoS requirements associated with different advanced V2X services. 
[bookmark: _Ref178064866]2	Basic Considerations for NR Sidelink RRM
2.1	Spectrum bands for NR sidelink
The uplink and downlink of NR systems are designed for a wide range of spectrum bands, ranging from sub-6 GHz to mmWave bands. NR V2X study item [1] also includes scenarios in which the NR sidelink can operate on licensed and unlicensed ITS spectrum also in both the low (i.e. sub-6 GHz) and the higher frequency bands (i.e. above 6 GHz).
Indeed, the NR numerology and physical layer procedures are designed to support system deployments in different frequency bands [2]. From an RRM perspective, it is important to realize that utilizing licensed spectrum resources for sidelink communications poses some new challenges compared to the situation when the sidelink resources are confined to the 5.9 GHz ITS band. In particular, sidelink transmissions utilizing cellular spectrum should not degrade the quality of cellular services. Therefore, it is important that the sidelink resource configuration takes the management of cellular resources into account if operating on licensed spectrum. 
[bookmark: _Toc521685120]When the sidelink utilizes licensed spectrum resources, it must not degrade the performance of cellular services.
2.2	RRM for unicast and broadcast V2X services
Unlike broadcasting, unicast sidelink communications imply that the transmitting (Tx) UE can be aware of the intended receiver and the prevailing channel conditions between the Tx and receiving (Rx) UEs. Likewise, the Rx UE can be aware of the Tx UE and may acquire channel state information at the receiver. RRM schemes, including resource pool configuration, scheduling and power control for unicasting V2X services may take advantage of these specific aspects of unicasting communications to enhance resource utilization and to ensure that sidelink communication does not degrade the quality of cellular services. 
[bookmark: _Toc521685121]Sidelink RRM techniques should consider the specific characteristics of unicast and broadcast communications.
Furthermore, different advanced V2X services requiring unicast, multicast and/or broadcast sidelink communications need to coexist in the same frequency band. Therefore, it is necessary that sidelink RRM considers different communication types while striving for high resource utilization.
[bookmark: _Toc521685122]Sidelink RRM techniques should consider the coexistence of unicast, multicast and/or broadcast communication.
3	RRM Scenarios for NR Sidelink
Radio resource pool configuration for Rel-14/15 LTE-based V2X services supports Mode 3 and Mode 4 sidelink operations, which serve as a natural starting point for resource pool configuration for sidelink operations in NR. In mode-3, the transmitting sidelink radio resources are dynamically scheduled/allocated by the network (i.e. eNB). Whereas in mode-4, it is intended a resource allocation (RA) scheme in which a set of resources are (pre-)configured to be used on a certain carrier. Such resources are then contended by UEs interested in sidelink operations, according to certain rules. Furthermore, in case of no network coverage for NR, it is quite natural to use distributed RA mechanisms (i.e. similar to LTE mode-4). The details of NR enhancements for distributed RA are provided in Section 4. 
[bookmark: _Toc521685123]In case of no network coverage for NR, UEs follow distributed RA mechanisms like LTE mode-4. 
In scenarios with NR coverage, it is advantageous to have a network-controlled RA. While operating on licensed spectrum, the basic requirement that V2X services using sidelink communications must not degrade the performance (and the quality) of cellular services (even if sidelink resources overlap with those used for cellular communications) implies that the interference caused by sidelink communications to cellular communications must be kept at a very low level or completely prevented. For example, when the sidelink uses cellular uplink resources, the interference at the base station caused by sidelink transmissions must remain low. On the other hand, cellular transmissions should not cause severe performance degradation to V2X services. Hence, Observation 1 (coexistence of cellular and sidelink communications) and Observation 2 (utilizing unicast characteristics) facilitate an additional resource pool configuration technique under network coverage as illustrated in Figure 1.

[image: ]
Figure 1: Radio resource management scenarios for the NR sidelink in network coverage. 
Alternative 1 in Figure 1 illustrates a situation in which the gNB schedules sidelink communications on a fine time granularity (e.g. slot level). This RRM technique is similar to Mode 3 sidelink operation in LTE and can be naturally extended to unicast operation. In contrast, in alternative 3 of Figure 1, the gNB allocates a resource pool for sidelink communications, similarly to resource pool configuration in LTE, where a resource pool can be shared by multiple UEs or UE pairs. The UEs accessing the resources in the configured pool will operate in an autonomous manner i.e. similar to mode-4 RA in LTE.  
Alternative 2 in Figure 1 allows the gNB to dedicate a resource pool to a specific UE pair engaged in sidelink unicast communications. The resource pool is made available for these UEs for some period of time, which may be substantially longer than a slot or subframe, such as a couple of hundreds of milliseconds or unicast connection lifetime. When a set of resource blocks is exclusively dedicated to a specific UE pair for some time, the UEs do not need to sense the wireless medium as in traditional LTE mode-4. According to Alternative 2A, the UEs of a specific unicasting pair need an arbitration mechanism to manage bidirectional sidelink communications. In contrast, in Alternative 2B, disjunct set of resources are allocated to the UEs of the unicasting UE pair. Therefore, in Alternative 2B the UEs do not need a separate arbitration mechanism to manage the bidirectional communication between the two UEs. 
Alternative 2 may involve additional parameters associated with the resource pool. The transmit power level, for example, may be confined to a maximum, which is determined by the gNB. The gNB may prescribe other restrictions for sidelink transmission, including maximum power density, transmission duty cycle or other parameters related to, for example, multi-antenna transmissions (for further study).
[bookmark: _Toc521685124]In the case of network coverage, network control RRM helps limiting the interference and providing the required QoS. 
Based on the above discussion, we propose the following.
[bookmark: _Toc521685126]NR supports an RRM configuration for unicast transmissions that is designed according to the radio resource management techniques described as alternative 2 above.
4	Distributed RA for NR sidelink 
LTE Mode-4 resource allocation consists of essentially two schemes:
1. Resource reservation for transmissions of multiple MAC PDUs.
2. One-shot transmissions of a single MAC PDU. 
The first scheme was motivated by the typical LTE use case of the transmission of periodic CAM/DENM messages. In Rel.14, it was assumed that the CAM transmission is to a large extent periodic and this motivated the introduction of a resource reservation scheme resembling the Uu SPS mechanism. However, as already discussed in Rel-14, a closer look at the ETSI ITS specification [3] reveals that CAM transmissions can be assumed essentially periodic only in the case of constant speed and no direction change, e.g. motorways. In practice, CAM transmissions might be highly irregular both in terms of periodicity and packet size, because the CAM packet generation is influenced by external factors, such as vehicle speed, trajectory, geographical position, etc. Additionally, new NR V2X use cases go beyond the classical CAM/DENM transmissions and include, for example, SL sensor data sharing which, unlike CAM/DENM, tends to be bursty and transmitted with variable packet size. Certainly, a UE can always use one shot transmission, but we also note that an excessive usage of one-shot transmissions might affect sensing results and ultimately impact the system stability.
[bookmark: _Toc520471323][bookmark: _Toc521685125]LTE SL mode-4 resource allocation is not suitable for the traffic models considered in eV2X.
Given that the use cases of interest and the agreed traffic models in [4] include both periodic and aperiodic transmissions, we believe that both reservation-based and one-shot resource allocation should be considered.
[bookmark: _Toc521665596][bookmark: _Toc521685127][bookmark: _Toc520471326]RAN1 studies one-shot and resource reservation schemes to tackle variation in the traffic patterns and intensity.  
Note that as a principle, the solution should avoid wasting resources due to unused reservations. This is very critical for NR, where the variations among traffic patterns are quite big. We believe that RAN1 should study solutions to allow the opportunistic reuse of resources booked but not used.
[bookmark: _Toc520471327][bookmark: _Toc521685128]RAN1 studies solutions to reduce resource wastage when future resources reserved for sidelink transmissions are not used.
In NR, it is expected that multiple UEs running different V2X applications will coexist in the same resource pool. Therefore, to fulfil the QoS requirements of different V2X services, it may be necessary to specify the relevant channel access and pre-emption mechanisms. For instance, in congested scenario, a high-priority UE may be able to transmit on the already booked resources (or on-going transmissions) by the low-priority UEs. 
[bookmark: _Toc521685129]RAN1 studies the possibility of enabling pre-emption based on QoS. 
Additionally, to address bursty traffic it should be considered the possibility to reserve multiple consecutive resources according to a certain time pattern, or for single aperiodic transmissions.
[bookmark: _Toc520471328][bookmark: _Toc521685130]RAN1 studies the possibility of enabling a UE to reserve multiple consecutive resources for transmission.
Since, the distributed RA is based on sensing procedure and random resource selection, there is always the possibility that two or more UEs doing resource selection chose the same resources and hence, leads to interfering transmissions. Due to safety critical nature of V2X services, it is of foremost importance that such collisions are avoided. In NR distributed RA, RAN1 should strive to minimize the collision probability due to random resource selection and specify the related RA mechanisms.
[bookmark: _Toc521685131]RAN1 strives to minimize the collision probability due to random resource selection. 
In Uu, resource allocation is carefully managed by the eNB/gNB which makes sure to limit bandwidth fragmentation so to increase the overall Uu capacity. On the other hand, mode-4 resource allocation is essentially a distributed scheme, in which a UE may select any of the possible sidelink resources which are deemed to be free upon sensing procedures. However, that might lead to significant bandwidth fragmentation with several holes that cannot be efficiently exploited by UEs which are not capable of transmitting on non-contiguous set of resources. 
[bookmark: _Toc520471329][bookmark: _Toc521685132]RAN1 studies solutions to limit sidelink bandwidth fragmentation.
5	Network-Controlled RA for NR SL
As discussed in Section 2, a UE under network control has the possibility of being managed by the network (i.e. gNB) thus enabling controlled interference and better resource utilization. There could be different level of network control when it comes to RA mechanisms which are described as below. 
· Full network control: gNB decides about all the sidelink transmission parameters and resource allocation. This scheme is similar (but not necessarily identical) to mode-3 in LTE Rel-15. In order to accommodate both periodic and aperiodic kind of traffic, it is essential to allow dynamic and configured scheduling as in NR Uu. 
· Partial network control: gNB decides partially about the sidelink transmission parameters and resource allocation. For instance, gNB allocates radio resources (either on slot level or for a few milliseconds) whereas other transmission parameters such as modulation and coding scheme etc. can be either partially or fully controlled by the transmitting UE itself.
[bookmark: _Toc521685133]RAN1 studies the possibility of different levels of network control. 
6	Conclusions
In this contribution, we made the following observations:
Observation 1	When the sidelink utilizes licensed spectrum resources, it must not degrade the performance of cellular services.
Observation 2	Sidelink RRM techniques should consider the specific characteristics of unicast and broadcast communications.
Observation 3	Sidelink RRM techniques should consider the coexistence of unicast, multicast and/or broadcast communication.
Observation 4	In case of no network coverage for NR, UEs follow distributed RA mechanisms like LTE mode-4.
Observation 5	In the case of network coverage, network control RRM helps limiting the interference and providing the required QoS.
Observation 6	LTE SL mode-4 resource allocation is not suitable for the traffic models considered in eV2X.
Based on this, we propose the following:
Proposal 1	NR supports an RRM configuration for unicast transmissions that is designed according to the radio resource management techniques described as alternative 2 above.
Proposal 2	RAN1 studies one-shot and resource reservation schemes to tackle variation in the traffic patterns and intensity.
Proposal 3	RAN1 studies solutions to reduce resource wastage when future resources reserved for sidelink transmissions are not used.
Proposal 4	RAN1 studies the possibility of enabling pre-emption based on QoS.
Proposal 5	RAN1 studies the possibility of enabling a UE to reserve multiple consecutive resources for transmission.
Proposal 6	RAN1 strives to minimize the collision probability due to random resource selection.
Proposal 7	RAN1 studies solutions to limit sidelink bandwidth fragmentation.
Proposal 8	RAN1 studies the possibility of different levels of network control.
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