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Introduction
In this contribution, we provide summary of major sidelink resource allocation aspects for NR-V2X sidelink communication design. Based on review of the submitted contributions [1]-[35], the following list of open aspects was identified:
Sidelink resource allocation Mode-2 and sub-modes
· Sidelink channel access and collision avoidance aspects for sidelink transmissions (control and shared channel) in case of unicast, groupcast and broadcast sidelink transmissions for periodic and aperiodic traffic
· UE behavior to select sidelink resource for PSCCH/PSSCH transmission or any new sidelink physical channel(s) / signal(s) if proposed
· Note: There is a potential overlap with another agenda item “7.2.4.1.2 Physical layer structures and procedure(s))”
Sidelink resource configuration and resource pools
· Configuration of sidelink resource pools and pool attributes
· Note: There is a potential overlap with another agenda item “7.2.4.1.2 Physical layer structures and procedure(s)”
Mode-1/Mode-2 sidelink resource sharing and mode switching
· Sidelink resource sharing between gNB-controlled and UE-autonomous resource allocation modes
· Switching aspects between gNB-controlled and UE-autonomous resource allocation modes
· Note: There is a potential overlap with another agenda item “7.2.4.3.1 Enhancements of LTE Uu and NR Uu to control NR sidelink”
Next sections provide additional details on the sidelink resource allocation aspects identified above and suggest initial proposals for RAN1 WG discussion/decision. In addition it captures summary proposals where consensus was reached during offline discussions.
Sidelink Resource Allocation Mode-2 and Its Sub-Modes
Mode-2(a)
1.1.1 Overview of Contributions on Mode-2(a)
Majority of companies discuss sensing and resource selection mechanisms for Mode-2(a) operation. Different levels of design details are proposed, however all companies discuss necessity of sensing and resource selection for NR-V2X communication.
The Mode-2(a) is criticized in [Huawei,[1]], where concerns on latency, reliability and hidden node issues are raised. In [Kyocera, [2]] the resource reservation message transmission and its forwarding by other UEs is proposed. The work in [vivo, [3]] suggest dynamic reservation mechanism for aperiodic traffic on top of semi-persistent resource reservation for periodic one. The priority and resource allocation information is assumed to be included in SCI to identify occupied resources. In [MediaTek, [4]], it is proposed to support long-term and short term sensing methods, decoded resource allocation and resource reservation information in control channel. In addition, to alleviate IBE problem, it is proposed to use weighting function in resource selection procedure based on RSRP difference between UE and occupied resource. Paper [OPPO, [6]] proposes resource preemption/reservation for higher priority messages as well as short term sensing and resource selection with increased number of PSCCH transmissions. The preamble based dynamic resource allocation scheme is proposed in [CATT, [7]] on top of semi-persistent scheme (similar to LTE-V2X), although the details of preamble based design and information extracted from preamble based approach are not fully described. In [Sony, [9]], it is proposed that Mode-2(a) is designed based on LTE-V2X and at least time/frequency data resources, reservation information and packet priority information should be extracted from SCI decoding. Support of both long-term and short-term sensing is assumed with timescale FFS. The feedback (e.g. ACK/NACK, collision reports and reselection requests) are proposed to be considered in resource selection procedure as a conditions to trigger for resource reselection. 
The use of joint long-term and short-term sensing for periodic and aperiodic traffic sharing the same pool is proposed in [Lenovo, [10]]. The work in [CMCC, [11]] elaborates on principle of using assistance information for Mode-2(a) operation. It is suggested that either gNB or TX UE configures measurement configuration to RX UE that is expected to conduct measurements and report them back to gNB/TX UE (e.g. recommended resource for selection, or RSRP/RSSI metrics on measured resources, etc.). In addition, the NACK based triggering of resource reselection is proposed. The long-term indicator for resource pool selection is proposed in [AT&T, [12]] to guide UE behavior on pool selection. The work in [Intel, [14]] provides evaluation of different resource allocation schemes aiming to optimize system performance for periodic and aperiodic traffic. Analysis has shown that performance of LTE-V2X solution based on long-term sensing can be improved for aperiodic traffic if the short term sensing component is added and RSSI averaging is removed jointly with prioritization of early in time candidate resources for transmission. It was also shown that performance is sensitive to amount of control channels allocated and number of decoding attempts performed by UE.
The work in [Panasonic, [16]] discusses SFCI is used for the sensing procedure of PSCCH/PSSCH and concludes that PSFCH’s resource is associated with PSCCH/PSSCH and is not based on sensing. In addition, approaches for coexistence of periodic and aperiodic traffic and corresponding resource allocation schemes are discussed. The work in [LGE, [17]] proposes sensing based on PSCCH decoding and sidelink measurements as well as support of multi-slot transmissions. It is also proposed that latency determines duration of resource selection window. In addition, UE assistance information is discussed where either UE restricts the resource pool of another UE or UE sends assistance information to be taken into account by recipient UE.
Type B: There is no hierarchy between UEs. A UE sends assistance information to another UE, and the receiving UE could refer to this information in its resource allocation. Support of zone based principle for resource allocation, congestion control is proposed. Study of preemption mechanisms as well as adaptive retransmission number is proposed. The support of LTE Mode-4 for periodic traffic is proposed in [NEC, [19]]. The SCI decoding provides resource reservation information with the following four cases discussed:
Case 1: resources reserved semi-statically;
Case 2: resources reserved for retransmission of a TB;
Case 3: resources reserved dynamically for initial transmission of a TB in upcoming slot;
Case 4: resources reserved dynamically for initial transmission of a TB in the same slot.
The scheme described in [Apple,] is based on LBT procedure and proposes additional stage of collision detection based on listening after talk (LAAT) principle, where transmitting UE performs additional LBT, if collision is detected during LAAT. To support LAAT, NR V2X utilizes the slot format that allows Tx/Rx switching within a slot. 
In [Interdigital, [22]], the LBT-based resource allocation scheme for Mode 2a based on the following principles is proposed: 1) Subchannel-based LBT sensing, different transmission start times within a slot are (pre)-configured based on priority and CBR, 3) backoff is used to avoid collisions between UEs performing resource selection simultaneously, 4) SCI of the initial transmission is used to reserve resource for the retransmissions. The transmission of forward booking reservation is proposed, where multiple forward booking transmission are possible and independent procedure used to select resource for forward booking transmission.
The SCI decoding based scheme is proposed for Mode-2(a) in [ZTE, [23]] where indication of SPS period and time interval b/w SCI and reserved resources is assumed for periodic and aperiodic traffic respectively.
Contribution in [Qualcomm, [25]] suggests dynamic resource selection for each TB transmission, sub-channelization for resource pool. In addition, slot aggregation is proposed with the indication of the number of aggregated slots in control channel transmission. Resources for retransmission are reserved during initial and subsequent transmission of a given TB and UE is expected to monitor ACK/NACK signaling from target receivers. Finally, the control channel based exclusion taking into account distance based criteria and counter based channel access mechanism is proposed.
The support of Mode-2(a) sensing and resource selection is proposed in [Asustek,[27]], where it is additionally pointed out that UE needs to acquire resource(s) for sidelink retransmission based on HARQ feedback and that resource sensing and selection on PSFCH is needed in case of flexible timing relationship b/w PSSCH and PSFCH. In [Xiaom,[28]], for support of Mode 2(a), the assistance from RX side on collision avoidance and high interference indication is proposed, at least for unicast/groupcast. The Mode-2(a) based on 2-step resource selection is also proposed in [Samsung, [29]]. The work in [Nokia, [32]] suggests that Mode 2(a) inherits functionalities of LTE V2X mode 4 to serve periodic traffic efficiently, including support of SCI format for resource reservation to assist resource allocation in case of periodic and aperiodic traffic. The long-term and short-term sensing is assumed to operate all the time to handle periodic and aperiodic traffic. The support of short-term and long-term sensing based on measurements and SCI decoding is also proposed in [HEPTA 7291[33], Convida Wireless, [34]], including UE assistance in the form of sharing sensing information.
Finally, the paper [Ericsson,[35]] proposes to support Mode-2(a) together with short term reservation signals as a baseline including long term reservation principles. It is also proposed to use a single resource allocation procedure for unicast, groupcast and broadcast as well as support pre-emption mechanisms. It was observed that reservation-based resource allocation outperforms other schemes in terms of PRR for broadcast and unicast communication in both highway and urban deployments.

1.1.2 Proposals for RAN1 Discussion on Mode-2(a)
Based on analysis of contributions, the following proposals can be made as a starting point to trigger discussion on Mode-2(a):
List of proposals for discussion

NR V2X supports Mode-2(a)

Mode-2(a) supports the sensing and resource (re)-selection procedures 

Mode-2(a) sensing procedure utilizes SCI decoding from other UEs to extract information on sidelink resources used by other UEs
· FFS for PSFCH/SFCI
· FFS other sidelink transmission parameters: priority, QoS attributes, etc.

Mode-2(a) sensing procedure utilizes SL-RSRP measurements from sidelink transmission / UE
· FFS SL-RSSI measurements
· FFS for which sidelink channels the SL-RSRP is defined (i.e. PSCCH, PSSCH, PSFCH)

Mode-2(a) sensing and resource selection windows are defined to describe Mode-2(a) operation
· The resource selection window is bounded by packet delay budget
· FFS definition of sensing and resource selection windows

Mode-2(a) resource selection or reselection procedure is used to determine resources for sidelink transmission once the resource (re)-selection is triggered and includes
· Resource exclusion based on control channel processing and SL-RSRP measurements
· FFS if distance based control exclusion is supported by NR V2X
· FFS whether and how QoS attributes (e.g. priority, reliability, latency) are taken into account
· Construction of a candidate resource set(s) for sidelink PSCCH and PSSCH transmission within resource selection window
· Selection of a resource for at least sidelink PSCCH and PSSCH transmission from the candidate resources set
· FFS scheme for actual resource selection from the candidate resource set (e.g. backoff / counter based or any other randomization mechanism)
· FFS whether and how UE location information is taken into account in Mode-2(a) resource selection procedure

Mode-2(a), supports the following schemes for resource selection
· Semi-persistent scheme: resource(s) are selected for multiple transmissions of different TBs 
· Dynamic scheme: resource(s) are selected for each TB transmission

Mode-2(a), supports reservation of resources for initial transmission and retransmission of a given TB indicated by SCI
· FFS details, e.g. whether UE reselecting resources monitors PSFCH to detect ACK/NACK transmission or any other mechanism is used to take into account resources for retransmission in resource selection procedure

Mode-2(a) supports resource reservation signaling on top of scheduling assignments
· FFS details (standalone SCI transmission, integrated to SCI transmission, etc.)

The following alternatives are studied with respect to Mode-2(a) PSFCH transmission:
· Alt.1: PSFCH resource is selected and indicated by transmitting UE
· Alt.2: PSFCH resource is selected by target receiver UE
· Alt.3: PSFCH resource is associated with PSCCH/PSSCH resource used by transmitting UE

RAN1 to further study  benefits of assistance data from target receiver UE and whether and how UE reselecting resource takes it into account
· PSFCH feedback from target receiver(s)
· Sensing results from target receiver(s)
· Resource restriction or resource recommendation information from target receiver(s)
· Location of target receiver(s)
· Other options are not precluded

Mode-2(c)
1.1.3 Overview of Contributions on Mode-2(c)
The extensive discussion and evaluation of Mode-2(c) is provided in [Huawei, [1]] where it is shown that non-sensing based pattern selection for Mode-2(c) outperforms Mode-2(a), while opposite evaluation results were observed in [Qualcomm [25], Intel [14] ], where random pattern selection was analyzed. In addition, evaluation of Mode-2(c) was provided in [Ericsson, [35]] [Samsung, [29]] with a conclusion that its performance is worse than Mode-2(a). The work in [Huawei, [1]] further suggested that “sensing and resource selection procedures of Mode-2(a) should be studied in a way which can also be used for the other sub-modes in Mode-2”.
The similar framework on frequency-time resource pattern design that aims to minimize half-duplex problem for Mode-2(c) was also proposed in [Fujitsu, [5]]. The scheme based on UE geographical location information is utilized for pattern selection. Evaluation results show that proposed scheme outperforms Mode-(2a) based on step 1~9 with full sensing configuration (section 14.1.1.6 of TS 36.213 LTE-V2X).

In [vivo, [3]], multiple questions on Mode-2(c) were raised including: how to define and select the resource pattern, how to change the pattern and how to support coexistence of UEs having different pattern structures. In [Mediatek, [4]], it is observed that benefit of Mode-2(c) is not clear and that it can be regarded as Mode-2(a) with preconfigured resource pools. It is concluded that more evaluations are needed to justify the benefit. The paper [CATT, [7]] argues that sub-mode 2(c) cannot achieve the gain of latency reduction, there are no obvious gain for in-coverage case and that collision avoidance and flexibility of resource utilization would be difficult to be achieved for out-of-coverage case. The work in [Sony [9]], asks for further clarification on benefits of Mode-2(c) resource allocation. The system level evaluation and comparison b/w sensing based Mode-2(a) and Mode-2(c) with random pattern assignment was done in [Intel, [14]] and [Qualcomm, [25]], where significant gap with respect to Mode-2(a) is observed. The contribution [LGE, [17]] states that Mode-2(c) is not preferred considering that sidelink transmission pattern management is not clear at least in terms of handling aperiodic traffic with time-varying packet size. In [NEC, [19]], it is proposed to support Mode-2(c) as one option of Mode 1 for resource allocation of periodic traffic or control channel. The work in [Spreadtrum, [20] ] suggests to support random selection as a baseline and further study other options including LBT. The discussion in [ZTE, [23]] outlines that advantages of using TFRP for Mode-2(c) are not confirmed.

Paper [NTT DOCOMO, [26]], suggests to further study resource allocation pattern definition and pattern selection mechanism for Mode-2(c), with respect to the following aspects: collision avoidance b/w UEs selecting the same pattern, and how to adapt pattern to traffic attributes (different packet sizes). In [Samsung, [29]], it is debated whether introduction of Mode-2(c), in addition to Mode -2(a), can be justified to obtain potential gain under certain scenario. Finally, in [Ericsson, [35]], it is argued that Mode 2(c) is better suited for operation under network coverage. In this respect, the difference between Mode 2-(c) and Mode-1 is blurry. Other contributions do not have specific proposals for Mode-2(c) support.

1.1.4 Proposals for RAN1 Discussion on Mode-2(c)
Based on summary of submitted contributions that discuss Mode-2(c), it seems there is no converged view on benefits of Mode-2(c) support over Mode-2(a) and Mode-1. Many companies have raised technical questions on Mode-2(c) support and asked for further clarification. Based on analysis of contributions, the following proposals can be made as a starting point to trigger discussion on Mode-2(a):

List of proposals for discussion
The following design options of Mode-2(c) transmission pattern selection are FFS
· Option 1: Random pattern selection (UE randomly picks pattern from the pre-configured pool of patterns)
· Option 2: Pattern selection is based on UE geographical location information
· Option 3: Sensing based pattern selection (e.g. UE selects unused pattern based on sensing results)
The following aspects are further studied for Mode-2(c)
· Relationship between traffic attributes and resource pattern
· Number of patterns to be configured for UE communication in out of coverage communication scenario
· Procedure for UE pattern (re)-selection, if any in out of coverage scenario
· Applicability / benefits for in-coverage, when Mode-1 is also available
· Handling of mixed scenarios with various requirements on packet latency, reliability, aperiodic packet arrival time and variable packet size
· Control of channel access priority of sidelink transmission in out of coverage scenario

RAN1 to discuss and select among the following three options on Mode-2(c) support
· Option 1: Support Mode-2(c) as a distinct mode without sensing procedures
· Option 2: Do not support Mode-2(c) as a standalone mode for sidelink communication
· FFS whether to apply patterns as a resource signaling approach in Mode-2a
· Option 3: Continue study benefits on Mode-2(c) including differentiating factors with respect to Mode-1 and Mode-2(a) with preconfigured sidelink resource pool

Mode-2(d)
1.1.5 Overview of Contributions on Mode-2(d)
The views on support of Mode-2(d) are quite diverse and range from the “support” to “do not support”. The Mode-2(d) centric discussions are provided in [AT&T, [12]], [NTT DOCOMO, [26]], [MediaTek, [4]], [Fraunhofer, [8]]. 
Mode-2(d) Centric Papers
In [AT&T, [12]], it is argued that Mode-2(d) can be supported w/o any architecture change when scheduling UE is appointed by network and that there is no need for full connection establishment. It is assumed that scheduling UE needs to periodically monitor the usage of the assigned resource and associated UE needs to monitor the broadcast channel from scheduling UE. The PSCCH can carry information for transmission (SCI-T) / reception (SCI-R). The inter-group interference coordination is expected to be managed by the network through assigning orthogonal or overlapped resource to different scheduling UEs. In addition it is proposed to allow network to supervise the scheduling UEs based on UE report including dynamic or semi-persistent resource allocation between gNBs and scheduling UEs. The main use case is an efficient management of sidelink resources at high frequency.

In [NTT DOCOMO, [26]], it is argued that Mode-2(d) is applicable to general eV2X use cases and is considered as a standalone resource allocation mode. It is assumed, that for platooning use case, scheduling UE selection as well as association to scheduling UE is determined by application layer. Contribution proposes to study feasibility of self-nomination-based determination of scheduling UE as well as configuration of scheduling UE by eNB/gNB and higher layer signaling. Scheduling UE discovery procedure based on SL-SSB transmission is proposed. In addition, radio-layer procedure for association to scheduling UE is suggested with technical details open for further studies. Support of resource set selection mechanism per scheduling UE (FFS if it is sensing based) as well as scheduling request/grant procedures is proposed. Contribution provides evaluation results demonstrating that Mode-2(d) outperforms LTE Mode-4up to 5% and 10% in urban and freeway scenario for periodic traffic; and random resource selection up to 15% and 20% for aperiodic traffic.

In [MediaTek, [4]], it is argued that Mode-2(d) can be useful in case of high system loading and the switching b/w Mode-2(a) and Mode-2(d) based on channel occupancy ratio is proposed. The contribution proposes details of multiple procedures for Mode-2(d) support: resource scheduling in Mode-2(d), selection of scheduling UE, joining a cluster, leaving a cluster, scheduler UE handover the right to become a member, UE handover to another cluster, scheduler UE disappears, cluster dissolution. It is assumed that scheduling UE can use location or velocity information from other UEs to form a group and concluded that Mode-2 (d) should be supported in NR V2X.

In [Fraunhofer, [8]], the Mode-2(d) is discussed in the context of groupcast communication targeting platooning use case. Contribution proposes to use sensing as a feature that can be employed across the Mode 2 sub-modes. In terms of resource allocation, it is assumed that the subset of resources is assigned for a particular group of UEs and group leader (GL) allocates subset of resources as well as resources within a subset to group members. Group leader UE is expected to determine resources for group through collection of sensing reports from group members and advanced sensing and announcement procedures. Contribution also discusses two options for resource allocation within a group: 1) assigned by group leader 2) based on sensing within a subset of group resources announced by group leader. The description is provided at the conceptual level and proposes to study multiple design aspects without support by evaluation.
Papers favoring Mode-2(d) support
Additional paper favouring support of Mode-2(d) can be found in [TOYOTA, [24]], [CATT, [7]], [Sony, [9]], [Spreadtrum, [20]], [Interdigital, [22]]. The contribution [TOYOTA, [24]] proposes the vehicular micro clouds which are tied to a certain geographical area and used to assist forming and managing a group of vehicles. The principle is similar to zoning introduced in LTE R14 but aims to support Mode-2(d) within a zone and targets scenarios with high congestion. Paper in [CATT, [7]] considers support of Mode-2(d) for unicast and groupcast communication. It proposes steps for scheduling UE determination, scheduling request, orthogonal in time resource allocation and new SCI format for scheduling. Work in [Sony, [9]] suggests the following options for scheduling UE determination: configuration by gNB or application layer or pre-configuration. The determination of a set of sidelink resources for scheduling is either based on sensing procedure by scheduling UE or configured by gNB if scheduling UE is in-coverage. Physical layer signalling for transmission/reception scheduling of other UEs is assumed once association with scheduling UE is established. Mode-2(a)(c) is used before association. The paper [Spreadtrum, [20]] proposes to use dedicated resource pool for Mode-2(d) which can be (pre)configured or informed to the group member UEs through PC5 RRC. Finally work in [InterDigital, [22]] it is proposed that selection of Mode-2(a) or Mode-2(d) depends on the traffic type (unicast/groupcast Mode-2(d) and Mode-2(a) possible for all traffic types). Higher layers determine whether mode 2d should be used for transmissions within a specific group and selects the scheduling UE for the group. The scheduling UE uses sensing to determine resources used for mode 2d transmission, within the resource pool used also by Mode-2(a) and supports both dynamic and semi-persistent resource allocation schemes and SCI signaling to determine resources reserved by scheduling UE.
Papers questioning benefits of Mode-2(d) support or restricting it operation
In [vivo, [3]] multiple challenges to support Mode-2(d) were discussed assuming selection of scheduling UE is up to application layer. The following challenges were highlighted: how to ensure the security for the election of scheduling UE and how to transmit the reported information without a significant increase in overhead. As an alternative scheduling by RX UE is mentioned. The work in [OPPO, [6]] states that much of functionalities of Mode-2(d) initialization are upper layers procedures and their outcomes or decisions should be indicated to L1. It is observed the degree of scheduling within a unicast or a groupcast session should be at the coordination level quasi-statically to avoid heavy signaling overhead. The next paper [NEC [19], Nokia [32]], considers Mode-2(d) support only for platooning use case and proposes that scheduling UE should be configured by gNB, or selected by application layer. Regarding the set of resources used by scheduling UE, it is proposed to be semi-statically configured or pre-configured.
In [ZTE, [23]], it is stated that introduction of Mode-2(d) will increase complexity of sidelink protocol but may not offer a reasonable performance advantages. At the same time it is noticed that it may cause extra signaling overhead and the reports, interference among groups. Another set of issues, which are mentioned in [LGE, [17]] include latency and signaling overhead (e.g., caused by exchanging messages such as SR, BSR, grant) as well as the resultant half-duplex problem. Difficulty in avoiding resource collision among UEs scheduled by different scheduling UEs (e.g., high interference from neighboring UE’s transmission can appear in the scheduled resource when the neighboring UE is outside of the group controlled by the scheduling UE).
In [Ericsson, [35]] based on analysis and evaluation it is stated that “mode 2d is not specified”. Evaluation results show that sub-mode 2d has worse performance than sub-modes 2a or 2c. In addition, multiple practical challenges and technical disadvantages in application to NR V2X use cases are discussed.
Finally, in [Intel, [14]] the following RAN2 WG agreement is referred “No AS-level mechanism to determine a group manager (i.e. head UE) is stuided. FFS for platooning, on the visibility of a group manager (head UE) to AS and AS-level functionalities.” Based on this agreement it was proposed that the following identified by RAN1 WG potential procedures are outside of the radio-layer scope:
Initialization of Mode-2(d)
Procedures to become/serve as a scheduling UE
UE behavior to (re)-select scheduling UE(s)
UE behavior to associate to scheduling UE(s)
Setting relationship between scheduling UE and UE groups from upper layer perspective
Procedures to activate/switch to Mode-2(d) operation
Based on the overview of the submitted contributions, the following observations can be made:
Mode-2(d) is not applicable to all scenarios and eV2X use cases
Mode-2(d) requires support of Mode-2(a)/(c) and can be viewed as additional functionality on top 
Mode-2(d) requires extra signaling overhead comparing to Mode-2(a)
Mode-2(d) may require definition of multiple radio-layer procedures without significant incremental gains with respect to Mode-2(a), if any.
There are different motivations behind support of Mode-2(d) among proponents:
· Management of resources mainly targeting efficient sidelink communication in FR2
· Mode-2(a) / Mode-2(d) adaptation to better support high system loading conditions/congestion
· Management of resources within a group to improve overall sidelink resource allocation framework
· Beneficial for general V2X use cases
RAN2 made the following agreement: “No AS-level mechanism to determine a group manager (i.e. head UE) is stuided. FFS for platooning, on the visibility of a group manager (head UE) to AS and AS-level functionalities.” This agreement automatically rules out multiple potential radio-layer procedures identified by RAN1 at the previous WG meeting. Whether group leader is visible to AS for platooning use cases is subject to ongoing e-mail discussion in RAN2 WG.

1.1.6 Proposals for RAN1 Discussion on Mode-2(d)
Based on review of submitted contributions the following proposals can be used as a starting point to facilitate further RAN1 WG discussion:

List of proposals for discussion
RAN1 assumes that Mode-2(d), if it is supported, is defined on top of Mode-2(a) / (c) functionality

---------------------------------------- Procedures proposed to be out of RAN1 scope ---------------------------------------
RAN1 assumes that at least the following potential procedures (identified at RAN1#95) are outside of radio-layer scope for NR-V2X communication design
· Procedures to become/serve as a scheduling UE for in-coverage and out-of-coverage scenarios
· The following options are identified for further study:
· Scheduling UE is configured by gNB
· Application layer or pre-configuration selects scheduling UE
· Receiver UE schedules transmissions of the transmitter UE during the session
· Scheduling UE is decided by multiple UEs including the one that is finally selected
· UE may autonomously decide to serve as a scheduling UE (self-nomination) / offer scheduling UE functions
· UE behavior to (re)-select scheduling UE(s)
· UE behavior to associate to scheduling UE(s)
· UE behavior when scheduling UE stop scheduling
· Relationship between scheduling UE and UE groups from upper layer perspective
· Whether UEs from the same upper layer group are served by the same scheduling UE

-------------------------------------- Procedures that may have impact on RAN1 scope -------------------------------------
RAN1 assumes that at least the following potential procedures (identified at RAN1#95) may have impact on radio-layer design for NR-V2X communication
· Procedure to determine a set of sidelink resources a scheduling UE can use for scheduling of other UEs
· The following options are identified:
· Based on sensing procedure by scheduling UE
· Configured by gNB if scheduling UE is in-coverage
· Pre-configured if scheduling UE is out of coverage
· Transmitting UE provides information about sidelink resources to scheduling UE
· Behavior of scheduling UE to signal scheduling decisions for transmission/reception of other UEs
· The following options are identified:
· Physical layer signaling
· Higher layer signaling
· Resource management to address collision/interference and half-duplex issues b/w UEs scheduled by different scheduling UEs
· Resources used for communication before UE is associated with a scheduling UE
· Procedures to switch between Mode-2(d) from/to other sub-modes
· FFS behavior/algorithm of scheduling UE

------------------------------ Further work on procedures that may have impact on RAN1 --------------------------------

Considering ongoing RAN1 discussion on visibility of group leader UE (head UE) to AS RAN1 need to discuss and decide b/w the following two options
· Option 1: Continue work on procedures where potential RAN1 impact is identified and reconsider those later taking into account future RAN2 progress
· Option 2: Wait for RAN2 decision on visibility of group leader UE to AS

Discuss and select among the following options for procedure to determine a set of sidelink resources a scheduling UE can use for scheduling of other UEs RAN1 is to select among the following options
· Option 1: Based on sensing procedure by scheduling UE
· Option 2: Configured by gNB if scheduling UE is in-coverage
· Option 3: Pre-configured if scheduling UE is out of coverage
· Option 4: Transmitting UE provides information about sidelink resources to scheduling UE

Discuss and select among the following options for behavior of scheduling UE to signal scheduling decisions for transmission/reception of other UEs UEs RAN1 is to 
· Option 1: Physical layer signaling
· Option 2: Higher layer signaling
· Option 3: Both physical and higher layer signaling

Regarding resource management to address collision/interference and half-duplex issues b/w UEs scheduled by different scheduling UEs
· RAN1 is to continue discussion on this aspect

Regarding resources used for communication before UE is associated with a scheduling UE
· Conclude that Mode-2(a)/(c) resources are used in this scenario

Discuss and select among the following options for procedures to switch between Mode-2(d) from/to other sub-modes:
· Option 1: Discuss switching mechanism after determination of basic solution for each resource allocation mode
· Option 2: Up to higher layer (outside of AS) to control mode of UE operation
· Option 3: Switching between Mode-2(a)/(c) and Mode-2(d) depends on channel occupancy ratio or traffic load
· Option 4: Switching between Mode-2(a)/(c) and Mode-2(d) depends on establishment of association with scheduling UE
Regarding behavior/algorithm of scheduling UE, RAN1 to select b/w options
· Option 1: RAN1 to continue discussion on which aspects of scheduling UE behavior/algorithm need to be standardized
· Option 2: RAN1 assumes that no scheduling UE behavior/algorithm is to be standardized at radio-layers for Mode-2(d)

RAN1 is to continue analysis on the relative gains and performance / complexity tradeoffs with respect to other Mode-2 sub-modes: Mode-2(a) and Mode-2(c)

Sidelink Resource Configuration and Resource Pools
Companies also discuss sub-channelization of sidelink resource pools and multi-slot transmission (slot aggregation) within sidelink resource pool. In addition some companies mention association of resource pools with traffic types (periodic, aperiodic) or communication types (unicast, groupcast, broadcast). Finally, resource pool attributes such as numerology/SCS, QoS, etc. were mentioned in selected contributions.

List of proposals for discussion
Sub-channelization of sidelink resource pool is supported
· Sub-channel is the minimum resource allocation granularity in frequency for sidelink PSSCH transmission
Sidelink transmission of a given TB can be rate-matched across resource allocation spanning multiple slots
FFS details of sidelink resource pool configurations including the following aspects:
· Configuration details for PSCCH/PSSCH resource(s) for sidelink resource allocation Mode-1 and Mode-2
· Amount of sidelink resource pools
· On demand allocation of sidelink resource pool
· Whether dedicated pools can be allocated for sidelink unicast/groupcast/broadcast communication types
· Whether dedicated pools can be allocated for given traffic type or QoS attribute (e.g. periodic/aperiodic, low latency)

Other Aspects
Other aspects mentioned in contributions are:
Multi-slot scheduling for large packets [vivo, [3]] 
Cross-slot scheduling [vivo, [3]]
IBE in resource selection – weighting function based on RSRP [MediaTek. [4]]
Multiple PSCCH transmissions are associated with PSSCH [OPPO, [6]]
Feedback as a trigger to reselect resources [Sony, [9]]
Assistance information and sharing of sensing information [CMCC, Convida Wireless, HEPTA 7291]
Pool selection criteria [AT&T [12]]
Dedicated resource pools for periodic and aperiodic traffics [ITRI, Panasonic [16]]
SFCI for sensing + association of PSCCH/PSSCH and PSFCH resources [Panasonic [16]]
Impact of distributed antenna on resource allocation [LGE, [17]]
Adaptation of the reporting and CDRX configuration based on UE speed [Apple, [21]]
Mode-1 / Mode-2 resource pool sharing [Intel, [14]]
Conclusions
In this contribution, based on analysis of submitted contributions, we provided initial input on the most important aspects of sidelink resource allocation for NR-V2X sidelink communication. We hope it can facilitate productive discussion at RAN1-AdHoc-1901 and can help to guide technical discussion on sidelink resource allocation aspects.
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Annex A – Summary of RAN1 Agreements
RAN1#94 Agreements
At the RAN1#94, the following agreements were made with respect to sidelink resource allocation mechanisms: 
	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



RAN1#94bis Agreements
At the RAN1#94bis, the following agreements were made with respect to sidelink resource allocation mechanisms: 
	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)




RAN1#95 Agreements
At the RAN1#95, the following agreements were made with respect to sidelink resource allocation mechanisms:
	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

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

Agreements:
· For out of coverage operation, Mode-2(c) assumes (pre)-configuration of single or multiple sidelink transmission patterns (patterns are defined on each sidelink resource pool).
· For in-coverage operation, Mode-2(c) assumes that gNB configuration indicates single or multiple sidelink transmission patterns (patterns are defined on each sidelink resource pool)
· FFS pattern design in time and frequency for periodic and aperiodic traffic
· If single pattern is configured to transmitting UE there is no sensing procedure executed by UE
· If multiple patterns are configured to transmitting UE there is a possibility of sensing procedure executed by UE
· Pattern is defined as follows
· Size of the resource in time and frequency
· Position(s) of the resource in time and frequency
· Number of resources
· FFS pattern selection procedure by UE

Agreements:
· For Mode-2(d) operation, further study the following potential radio-layer procedures including at least the following
· Procedures to become/serve as a scheduling UE for in-coverage and out-of-coverage scenarios
· The following options are identified for further study:
· Scheduling UE is configured by gNB
· Application layer or pre-configuration selects scheduling UE
· Receiver UE schedules transmissions of the transmitter UE during the session
· Scheduling UE is decided by multiple UEs including the one that is finally selected
· UE may autonomously decide to serve as a scheduling UE (self-nomination) / offer scheduling UE functions
Agreements:
· Initialization of Mode-2(d) operation is FFS
· For Mode-2(d) operation, further study the following potential radio-layer procedures including at least the following
· Procedure to determine a set of sidelink resources a scheduling UE can use for scheduling of other UEs
· The following options are identified:
·  Based on sensing procedure by scheduling UE
·  Configured by gNB if scheduling UE is in-coverage
·  Pre-configured if scheduling UE is out of coverage
· Transmitting UE provides information about sidelink resources to scheduling UE
· FFS behavior/algorithm of scheduling UE 
· Behavior of scheduling UE to signal scheduling decisions for transmission/reception of other UEs
· The following options are identified:
· Physical layer signaling
· Higher layer signaling
· UE behavior to (re)-select scheduling UE(s)
· UE behavior to associate to scheduling UE(s)
· UE behavior when scheduling UE stop scheduling
· Resource management to address collision/interference and half-duplex issues b/w UEs scheduled by different scheduling UEs
· Relationship between scheduling UE and UE groups from upper layer perspective
· Whether UEs from the same upper layer group are served by the same scheduling UE
· Resources used for communication before UE is associated with a scheduling UE
· Procedures to switch between Mode-2(d) from/to other sub-modes
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