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Introduction
New WID on NR V2X describes the following for NR sidelink resource allocation and UE assistance reporting [1].
	· Resource allocation [RAN1, RAN2]
· Mode 1
· NR sidelink scheduling by NR Uu and LTE Uu as per the study outcome
· Mode 2
· Sensing and resource selection procedures based on sidelink pre-configuration and configuration by NR Uu and LTE Uu as per the study outcome
· Support for simultaneous configuration of Mode 1 and Mode 2 for a UE
· Transmitter UE operation in this configuration is to be discussed after the design of mode 1 only and mode 2 only.
· Receiver UE can receive the transmissions without knowing the resource allocation mode used by the transmitter UE. 
· UE relaying resource pool configuration or resource configuration is not supported in this work in Rel-16.



The following agreements were made in RAN1-96bis on Mode-1 NR SL resource allocation [2].
	Agreements:
· A dynamic grant provides resources for one or multiple sidelink transmissions of a single TB.
· A configured grant (type-1, type-2) provides a set of resources in a periodic manner for multiple sidelink transmissions.
· UE decides which TB to transmit in each of the occasions indicated by a given configured grant.
· FFS: whether different transmissions of a TB can take place across multiple configured grants.
· Other restrictions on what can be transmitted in a given configured grant (e.g., based on QoS, destination UE, etc.) are up to RAN2.



In this contribution we discuss NR sidelink Mode-1 resource allocation/scheduling aspects and UE assistance information reporting in NR-V2X.

NR sidelink controlled by NR Uu
Resource allocation techniques in Mode-1
In LTE V2X, sidelink dynamic grants and sidelink SPS activation/release are both signaled by DCI format 5A. Dynamic grants are configured when DCI-5A is CRC scrambled by SL-V-RNTI. SPS activation/release is triggered when DCI-5A is CRC scrambled by SL-SPS-V-RNTI. 
Observation 1: LTE V2X uses the same DCI format to configure SL dynamic grants or SL-SPS activation/release depending on RNTI type.
LTE V2X supports multiple SL-SPS configurations to accommodate different V2X traffic patterns. LTE DCI format 5A includes a 3-bit ‘SL SPS configuration index’ field to indicate which SPS configuration is activated or released.
Similar signaling design can be considered in NR V2X. The same DCI format can be used to assign either SL dynamic grants or SL type-2 configured grant activation/release based on RNTI type. Also, it is desirable to minimize decoding complexity by aligning the size of DCI that signals sidelink dynamic grants and configured grants.
We propose the following.
Proposal 1: Same NR DCI format can configure either SL dynamic grants or activate/release SL Type-2 configured grants. 
· Introduce two RNTIs to distinguish SL dynamic grants and SL configured grant activations in NR V2X.
· Align DCI size by zeros padding, if necessary.
Multiple uplink configured grants are included in eURLLC WI scope [3] for Type-1 and Type-2 to help fulfill low-latency service requirements and multiple services with different traffic patterns. As NR V2X use sidelink traffic with different patterns and also require some low-latency use cases, multiple active configured grants should be supported in NR sidelink. We propose the following.
Proposal 2: Support multiple active Type-1 & Type-2 configured grants in NR sidelink mode-1.

Multiple configured grants (CG) can help adapt to different transmission periodicities (periodic sidelink traffic) and satisfy stringent latency requirements by different time offset/shift (aperiodic traffic). Figure-1 illustrates some example configured grant patterns with different periodicity and timing offset parameters.
· If UE is configured with a use case that requires low-latency aperiodic traffic, it is beneficial to activate multiple CG configurations with different time shift/offset values to minimize the worst-case time delay from packet arrival to the first transmission occasion (e.g., configure grant-5 and configured grant-7 in Figure 1a).
· If UE is configured with a use case that uses periodic traffic patterns, it is desirable to activate multiple CG configurations with different periodicities according to the periodicity of expected traffic pattern (e.g., configured grant-1 and configured grant-2 in Figure 1b).
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Figure 1: Example configured grant (CG) patterns with a) different periodicities, b) different time shifts/offsets.

Instead of activating/releasing a single SL configured grant by each DCI, it is preferred to activate/release a set of configured grants jointly by a single DCI. Using a single DCI to activate/release multiple Type-2 configured grants can improve spectral efficiency by faster activation/release of sidelink resources. It can also help minimize signaling overhead. 
Observation 2: Single DCI activation of multiple sidelink Type-2 configured grants can offer lower signaling overhead and faster activation/release of sidelink resources.
We propose the following.
Proposal 3: A single DCI is used to activate/release multiple sidelink Type-2 configured grants.


DCI format for SL mode-1 scheduling
Either a new DCI format can be introduced for V2X, or an existing NR DCI format (e.g., fallback DCI format 0_0) can be reused together with a new V2X-specific RNTI. In our view, it is preferable to define a new DCI format. The size of the new DCI format can be aligned with one of the existing DCI sizes (e.g., format 0_0). 
In either case, DCI scheduling NR-SL mode-1 should include, at least, the following information fields:
· Carrier indicator field: Since NR Uu and NR SL can operate on different bands (e.g., ITS) or on a shared carrier, new DCI format for SL mode-1 scheduling should include a carrier indicator field for cross-carrier scheduling. 
· Resource pool indicator: If multiple resource pools can be configurable at UE on a SL BWP, a resource indicator field will be required in DCI.
· Transmission type indicator: Broadcast and groupcast/unicast are supported in NR SL. It is required to have a separate field to indicate the transmission type in DCI as introducing multiple DCI formats or multiple RNTIs to distinguish transmission type would cause unnecessary blind decoding complexity. Destination ID or group ID indication may also be needed in DCI. The same SCI field(s) for this purpose can be included in DCI.
· Time and frequency RA field(s): LTE DCI-5A indicates frequency allocation for the initial transmission and re-transmission along with the time gap. NR DCI scheduling NR-SL mode-1 should also have fields indicating time/frequency resources for at least one or multiple PSSCH transmissions. The time/frequency resources for PSCCH can be indicated either implicitly (e.g., in reference to PSSCH resources) or explicitly. For groupcast and unicast transmissions, additional time/frequency resources are needed for PSFCH. 
· HARQ feedback indicator: Sidelink HARQ feedback in groupcast/unicast can be enabled or disabled. A field in needed in DCI to inform the transmitter UE whether it can request HARQ feedback from receiver(s) in Mode-1. 
· Type-2 configured grant activation index: A SL Type-2 configured grant index should be indicated in a field when NR DCI activates Type-2 configured grant (e.g., when a different RNTI is used for configured grant activation). If a single DCI activates multiple SL configured grants, the index value in the DCI field can be mapped to a higher-layer configuration that points to multiple Type- configured grants.
· Type-2 grant-free activation/release indicator: Either a separate field can be introduced or an existing field (e.g., time/frequency RA field) can be used to signal whether a SL Type-2 configured grant is activated or released. An explicit field is used for mode-1 SL-SPS activation/release in LTE DCI-5A whereas existing fields (frequency-domain RA and MCS fields) are used for NR DL SPS/UL Type-2 CG activation/release.

Since SL-CSI reporting is not included in WI scope [1], UE may need to select its MCS autonomously in sidelink. It may be necessary for the network to provide UE with a set of MCS values to choose from by higher-layer configuration. However, an explicit MCS field may not be needed in Rel-16 DCI configuring Mode-1 RA.
Observation 3: An MCS field may not be needed in new NR DCI configuring Mode-1 sidelink RA if UE is expected to select its MCS autonomously in Mode-1.
We propose the following:
Proposal 4: Introduce new DCI format to schedule V2X sidelink mode-1 transmissions with, at least, the following fields:
· A carrier indicator, a resource pool indicator, a transmission type indicator, time/frequency RA field(s), HARQ indicator, Type-2 configured grant index, Type-2 configured grant activation/release indicator.

Sidelink SR and BSR
LTE V2X does not define any sidelink-specific SR, and hence dynamic PSSCH scheduling request procedure follows a long signaling exchange between transmitter UE and eNB. When eNB detects an SR, UE is firstly assigned PUSCH resources. Afterwards, sidelink BSR can be appended to PUSCH and then, eNB grants sidelink resources via DCI-5A. Figure 2 illustrates LTE V2X signaling procedure for dynamic sidelink RA.
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Figure 2: LTE V2X signaling procedure for dynamic sidelink resource allocation.

Since NR V2X supports low-latency traffic, this dynamic RA procedure needs to be enhanced. Introducing sidelink SR can make gNB distinguish between uplink and sidelink scheduling requests. When SL-SR is detected, gNB can configure UE with PSSCH resources without additional delay. 
Sidelink SR can be sent based on a sidelink-specific PUCCH resource configuration, or PUCCH resource configuration for uplink SR can be shared with sidelink SR. Sidelink SR may also require new sequences to distinguish from uplink SR and to carry more information, if needed. Detailed design for sidelink SR may require further study. 
We have the following proposal.
Proposal 5: Consider sidelink-specific SR signaling to achieve low-latency Mode-1 resource allocation in NR V2X. 
· FFS how to distinguish between sidelink SR and uplink SR.

In Rel-16 NR V2X, sidelink SR may also be needed by transmitter UE to request PSSCH resources for the re-transmission of a TB. After a HARQ-NACK is received from a receiver UE via PSFCH during unicast/groupcast operation, transmitter UE may send another sidelink SR to gNB to request new PSSCH resources for the re-transmission. In our view, similar sidelink SR signaling procedure can be applied for both cases where transmitter UE requests sidelink resources for an initial transmission or for the subsequent re-transmissions after HARQ-NACK by PSFCH. 
We propose the following.
Proposal 6: Same SR signaling mechanism can be used when transmitter UE requests sidelink resources for both initial transmission and re-transmissions of a TB in Mode-1.

UE assistance information
An LTE V2X UE can be configured to report information to assist network scheduling via UEAssistanceInformation and SidelinkUEinformation higher layer messages. LTE V2X also supports event-triggered measurement reporting of CBR and sensing information on sidelink resource pools. 
Traffic pattern information content in LTE V2X can include:
· Traffic periodicity, timing offset, SL priority information (i.e., PPPP), logical channel identity, message size, traffic destination ID, and reliability information (i.e., PPPR). 
Since NR V2X also supports semi-static grants for periodic sidelink traffic, similar UE assistance information should be reported based on available traffic at UE. No new information seems necessary for assistance information reporting related to semi-static/periodic traffic patterns in NR V2X. It should similarly be up to UE to set the message content. 
Observation 4: No additional assistance report content seems necessary for periodic traffic patterns in NR V2X beyond LTE V2X report content.

In addition, LTE V2X UEs can also be configured with CBR measurement reporting for network congestion control. When the measured CBR is above or below a pre-configured threshold on a resource pool, a report can be triggered based on Event-V1 or Event-V2. Since NR V2X has more frequent use of aperiodic traffic and supports unicast/groupcast transmissions, enhancements to LTE V2X CBR reporting framework can be useful for congestion control in NR V2X. 
Observation 5: Enhancements to LTE CBR and sensing measurement reporting may be needed in NR V2X.

In addition, measurement reporting of location information is also available in LTE. LTE V2X can configure resource pools based on UE’s geographical location and zone ID. Utilizing geographical information for resource allocation can improve spectral reuse and reduce near-far effect in sidelink. Similar type of location reporting can be considered as baseline in NR V2X. Since NR V2X supports unicast/groupcast/broadcast type transmissions and has more diverse range of use cases with stringent latency/reliability requirements, it is beneficial to introduce enhancements to location reporting mechanism in NR V2X. For example, resource pool configuration can be based on different range of UE speed or UE’s direction of travel in a highway scenario, as well as geographical zone information of UE location. Speed and directional information can also be utilized at the network for better handover prediction performance, and for more accurate management of platoon-based NR V2X deployments.

More specifically, following enhancements can be investigated for UE location reporting in NR V2X.

· One potential area of enhancement can be event-based report triggering for UE’s geographical location. For example, when UE enters into a geographical zone (i.e., configured by a zone ID) or leaves out of a zone, a report can be triggered. Resource pool utilization can be improved by network if such information can be made available dynamically. 
· Another potential enhancement is the introduction of vehicle speed and direction of travel information reporting in NR V2X. Event-based reporting can be defined based on UE’s speed exceeding over or falling below a pre-configured speed threshold. If UE changes its direction of travel in a highway environment, an event-based report can also be triggered. 

We propose the following:

Proposal 7: On UE reporting of location/speed/direction of travel information, study potential benefits of the following enhancements:
· Event-based report triggering based on entering/leaving a geographical zone
· Event-based report triggering based on going above/below a threshold speed
· Event-based report triggering based on change of travel direction in highway scenario.

Shared carrier between NR-Uu and NR-SL
Sidelink resources be configured on a separate band (e.g., 5.9 GHz ITS) or on the same licensed band shared with NR-Uu. Sharing NR-Uu downlink resources with sidelink would increase interference complexity at UE since UE may have to detect two different signals simultaneously in downlink and sidelink. 
Observation 6: Shared resources between NR downlink and sidelink would cause severe interference and detection issues at UE.
If only NR uplink resources are shared with sidelink, interference management at gNB can be handled more easily since scheduling decisions are made by gNB when in-coverage UEs operate in mode-1. Hence, only uplink resources should be used in sidelink when same carrier is shared between NR Uu and NR SL. For the same reason, flexible (X) symbols in TDD mode should not be used in sidelink. We have the following proposal.
Proposal 8: Only uplink resources are used in sidelink when NR-Uu and NR-SL shares the same carrier.
NR sidelink controlled by LTE Uu
During Rel-16 NR V2X SI phase [4], the following agreements were made on LTE Uu controlling NR sidelink.
	It is supported that LTE Uu provides at least necessary semi-static configuration for NR mode-2 SL communications
FFS details



	· LTE Uu to schedule NR sidelink mode 1 is supported: 
· The support is done based on type 1 configured grant with configuration restricted to time/frequency resources & periodicity, with the condition that no additional function/procedure is to be introduced for LTE Uu



LTE Uu controlling NR mode-1 supports only semi-static Type-1 configured grant based on higher-layer signaling only. In our view, it is important to support multiple semi-static configurations to optimize for all NR V2X traffic patterns with different latency and reliability requirements in sidelink.
Proposal 9: Support multiple Type-1 semi-static configurations in NR sidelink controlled by LTE-Uu.
According to previous SI agreements [4], no additional function/procedure will be introduced to LTE Uu to control NR sidelink mode-1. Since NR sidelink can have unicast/groupcast transmissions in addition to broadcast, HARQ feedback should be supported in NR mode-1 through PSFCH channel only between UEs. Such support does not require any additional function or any PHY involvement in LTE Uu. It may be useful to introduce a higher-layer HARQ feedback flag parameter to enable/disable HARQ feedback in sidelink. It should be up to RAN2 to define such higher layer configuration. 
Observation 7: Only PSFCH-based HARQ A/N feedback between UEs can be allowed in NR sidelink when it is controlled by LTE Uu.
We propose the following.
Proposal 10: Define a higher-layer LTE parameter to enable/disable HARQ A/N feedback on PSFCH when NR sidelink is controlled by LTE Uu. Details are up to RAN2.

Conclusions
We have the following observations:

Observation 1: LTE V2X uses the same DCI format to configure SL dynamic grants or SL-SPS activation/release depending on RNTI type.
Observation 2: Single DCI activation of multiple sidelink Type-2 configured grants can offer lower signaling overhead and faster activation/release of sidelink resources.
Observation 3: An MCS field may not be needed in new NR DCI configuring Mode-1 sidelink RA if UE is expected to select its MCS autonomously in Mode-1.
Observation 4: No additional assistance report content seems necessary for periodic traffic patterns in NR V2X beyond LTE V2X report content.
Observation 5: Enhancements to LTE CBR and sensing measurement reporting may be needed in NR V2X.
Observation 6: Shared resources between NR downlink and sidelink would cause severe interference and detection issues at UE.
Observation 7: Only PSFCH-based HARQ A/N feedback between UEs can be allowed in NR sidelink when it is controlled by LTE Uu.

We have the following proposals:

Proposal 1: Same NR DCI format can configure either SL dynamic grants or activate/release SL Type-2 configured grants. 
· Introduce two RNTIs to distinguish SL dynamic grants and SL configured grant activations in NR V2X.
· Align DCI size by zeros padding, if necessary.
Proposal 2: Support multiple active Type-1 & Type-2 configured grants in NR sidelink mode-1.

Proposal 3: A single DCI is used to activate/release multiple sidelink Type-2 configured grants.
Proposal 4: Introduce new DCI format to schedule V2X sidelink mode-1 transmissions with, at least, the following fields:
· A carrier indicator, a resource pool indicator, a transmission type indicator, time/frequency RA field(s), HARQ indicator, Type-2 configured grant index, Type-2 configured grant activation/release indicator.
Proposal 5: Consider sidelink-specific SR signaling to achieve low-latency Mode-1 resource allocation in NR V2X. 
· FFS how to distinguish between sidelink SR and uplink SR.
Proposal 6: Same SR signaling mechanism can be used when transmitter UE requests sidelink resources for both initial transmission and re-transmissions of a TB in Mode-1.
Proposal 7: On UE reporting of location/speed/direction of travel information, study potential benefits of the following enhancements:
· Event-based report triggering based on entering/leaving a geographical zone
· Event-based report triggering based on going above/below a threshold speed
· Event-based report triggering based on change of travel direction in highway scenario.
Proposal 8: Only uplink resources are used in sidelink when NR-Uu and NR-SL shares the same carrier.
Proposal 9: Support multiple Type-1 semi-static configurations in NR sidelink controlled by LTE-Uu.
Proposal 10: Define a higher-layer LTE parameter to enable/disable HARQ A/N feedback on PSFCH when NR sidelink is controlled by LTE Uu. Details are up to RAN2.
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