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Introduction
The following agreements were made in RAN1#95 in relation to Uu-based SL resource allocation/configuration [1].
	Agreements:
The following NR sidelink resource allocation techniques by NR Uu for mode-1 are supported:
· Dynamic resource allocation
· Configured grant. 
· FFS whether type-1 and/or type-2 
Agreements:
· In continuing evaluating NR Uu scheduling of LTE sidelink mode-3, consider at least:
· What will be required on the UE side to support such feature 
· DCI design (e.g., whether DCI 5A can be reused)
· Deployment scenarios where it is beneficial
Conclusion:
· For this and future meetings, enhancements on Uu reporting for managing of Uu grants and configuration will be discussed in this AI (“Evaluation of Uu for advanced V2X use cases”).
· For this and future meetings, enhancements on Uu reporting for managing of SL grants and configuration will be discussed in the AI “Uu-based sidelink resource allocation/configuration”.
Agreements:
· NR supports UE reporting over Uu of sidelink traffic-related information. 
· FFS contents.



In this contribution we discuss these open questions on Uu-based sidelink resource allocation/configuration. 
Discussion
LTE Uu to control NR sidelink
For NR mode-2 SL configuration by LTE Uu, a list of physical layer parameters needs to be provided to RAN2 for broadcast signal design at some point. Since many open questions on NR mode-2 sidelink design have not been decided yet (such as, which of the candidate resource allocation mechanisms for mode-2, the level of UE autonomy), it seems too early to determine the necessary LTE broadcast parameters for NR mode-2 sidelink operation. 
Observation 1: It is early to decide on the NR mode-2 sidelink parameters broadcasted by LTE Uu.
Current discussions on sidelink design for mode-2 cover a range of candidate physical layer mechanisms. For example, four different resource allocation mechanisms (i.e., Mode-2a/b/c/d) are considered with different levels of UE autonomy and assistance. There are also open issues on physical layer structure, such as whether BWP is supported on sidelink, how to configure HARQ feedback and CSI reporting mechanisms for unicast sidelink. As some of these mechanisms rely on NR specific physical layer characteristics and parameters, it may not be realistic to support all NR mode-2 configurations via LTE-Uu. In our view, only the essential configuration parameters need to be considered for LTE Uu broadcast signaling at least as a first step to provide baseline NR mode-2 sidelink configurability via LTE Uu. 
Proposal 1: Only the essential NR mode-2 parameters shall be considered initially for LTE Uu broadcast.
NR V2X UE requires additional hardware to be able to receive mode-2 specific configuration parameters via LTE Uu. Therefore we suggest that an NR V2X UE’s ability to receive NR mode-2 configuration signaling via LTE Uu interface should be defined as a UE capability.
Proposal 2: Receiving NR mode-2 sidelink configuration from LTE-Uu should be defined as UE capability.
The feasibility of supporting mode-1 sidelink configuration via LTE Uu is challenging due to the large amount of work required for both standardization and product perspectives. As LTE and NR are different access technologies by design, it is unclear whether all NR specific PHY parameters can be configurable via LTE Uu. NR V2X sidelink is expected to support dynamic scheduling, link adaptation, HARQ feedback, and CSI reporting. If some of the NR mode-1 sidelink configuration flexibility is left out in the LTE Uu interface, the stringent latency and reliability requirements are likely to be challenging to achieve in NR sidelink. 
Observation 2: It is unclear if LTE Uu can fulfill stringent latency and reliability requirements of NR sidelink in mode-1.
Mode-2 sidelink communication based on LTE Uu configuration will utilize certain UE-autonomous behavior and decision-making process among NR V2X UEs, which are designed to take advantage of all NR sidelink features. Even if mode-1 configuration could be supported via LTE Uu with limited functionality, it is unclear if mode-1 configuration would indeed be preferable to mode-2 configuration in terms of achievable performance when in LTE coverage. 
Based on these observations we propose the following:
Proposal 3: NR mode-1 sidelink configuration by LTE-Uu is not supported.

NR Uu to control LTE sidelink
Some physical layer configuration parameters in NR sidelink (such as resource pool configurations, numerology, frame structure) does not exist in LTE sidelink. For LTE mode-3 sidelink operation, enhancements to NR Uu interface would need to guarantee that LTE V2X UE could easily identify/decode NR signaling. That would be challenging to achieve unless NR base stations use separate signaling for LTE sidelink and NR sidelink (e.g., potentially including a new SIB, a new DCI format, a new SS structure, etc.). This is due to significant structural differences between LTE and NR sidelink, and different processing power/capabilities between LTE and NR UE. These problems would be even more difficult to tackle if LTE sidelink and NR sidelink operate on the same ITS band.
Observation 3: Structural PHY differences between LTE and NR sidelink complicates the feasibility of LTE mode-3 configuration via NR Uu.
In addition to its technical challenges, the benefit of LTE mode-3 configuration by NR Uu is not clear from a practical point of view. It is not reasonable to expect many NR deployments in areas without LTE coverage for some time. Later when NR coverage becomes widespread, the technological migration to NR V2X-capable vehicles will likely to have already happened.
Based on these reasoning, we suggest that the necessity of the study for enhancement of NR-Uu to control LTE mode-3 sidelink is re-considered so that LTE-Uu/NR-Uu enhancement studies to control NR-Uu can be prioritized.
We propose the following:
Proposal 4: LTE mode-3 sidelink configuration by NR Uu shall be deprioritized.

SL resource allocation techniques by NR Uu for mode-1 
Rel-15 NR uplink supports dynamic grants, (RRC-configured) Type-1 grant-fee (GF), and (DCI-activated) Type-2 SPS. All these uplink techniques offer different trade-off between latency, reliability, packet size, applicability to different traffic types. Type-1 GF and Type-2 SPS can achieve lower latency than dynamic grants while dynamic scheduling can offer higher reliability (if dedicated resources are allocated). Dynamic grants are suitable for network-controlled scheduling when UE is in-coverage. Due to high signaling overhead dynamic grants are also preferable for aperiodic traffic whereas Type-1 GF and Type-2 SPS work well with periodic traffic patterns. Link adaptation parameters (e.g., MCS) are signaled by RRC in Type-1 GF, hence it may not be the ideal candidate in dynamic channel conditions. Link adaptation parameters are signaled by DCI in dynamic scheduling and Type-2 SPS (see Table-1).
We have the following observations on NR uplink techniques:
Observation 4: Dynamic grants are suitable for aperiodic traffic with large packet size when UE is in-coverage.
Observation 5: Type-1 GF and Type-2 SPS are suitable for periodic traffic with small packets.

Table 1: Resource allocation techniques in NR uplink.
	
	Latency
	Reliability
	Packet size
	Traffic type

	Dynamic grant
	Medium
	High
	Large
	Aperiodic

	Type-1 GF
(RRC-activated)
	Low
	Medium

	Small
	Periodic

	Type-2 SPS
(DCI-activated)
	Low
	Medium

	Small/Medium
	Periodic


Unlike LTE V2X, NR sidelink supports both aperiodic and periodic traffic types with both small and large packet sizes, and offers unicast, groupcast, and broadcast transmissions [2]. When sidelink resources are configured by gNB in mode-1, scheduling decisions can be performed based on service requirements and dynamic channel conditions. Since all three resource allocation tecnhiques in NR are controlled/(pre)-configured by gNB, they can be supported in sidelink mode-1 operation. 
We propose the following:
Proposal 5: All three resource allocation techniques (i.e., dynamic grants, Type-1 GF, and Type-2 SPS) should be supported in NR mode-1 sidelink.

Sidelink transmission resources for shared carriers
Sidelink carrier controlled by NR-Uu can be based on a dedicated band (e.g., 5.9 GHz ITS) or on a licensed band shared with the Uu interface. A dedicated carrier (such as ITS band) may have coexistence issues with LTE-V2X, hence spectrum re-farming may need to be applied. A licensed carrier shared between NR-Uu and NR-PC5 may offer spectral efficiency gain, however mutual interference needs to be taken into account.
Observation 6: Sharing the licensed carrier between NR-Uu and NR-PC5 can achieve higher spectral efficiency.
In FDD mode, sidelink could use either uplink or downlink licensed carrier. If NR-Uu downlink carrier is shared with sidelink, interference management complexity at UE would be high while simultaneously receiving through two links. On the other hand, if NR-Uu uplink carrier is shared with sidelink, interference management at gNB can be handled more easily since scheduling decisions are made by gNB when UE is in-coverage (i.e., mode-1 operation). For similar reasoning, uplink resources can should be considered for sidelink in TDD mode on shared licensed carrier. 
Proposal 6: NR sidelink design should consider sharing carrier with NR-Uu only on uplink carrier in FDD, and similarly only on uplink symbols in TDD.
In NR TDD mode, uplink resources can be configured based on cell-specific SFI or UE-specific SFI. Determination of sidelink resources based on UE-specifically configured uplink resources would cause undesirable interference at V2X UE receivers as the same resources could be configured as downlink for other UEs. For similar reasoning, flexible symbols in SFI configuration should not be used for sidelink operation on shared licensed carriers. 
We propose the following:
Proposal 7: In case of shared licensed carrier in TDD mode, sidelink resources shall not be determined based on UE-specific SFI configuration or based on flexible symbols.

Uu reporting for managing SL configuration/grant
LTE V2X has UE information reporting mechanisms via SidelinkUEinformation message for both UE configuration and RRM purposes. Reported information related to V2X UE configuration includes the type of service for UE’s available traffic, carrier frequencies on which UE is interested to transmit/receive, synchronization references used by UE, and a list of destination IDs. 
A similar mechanism can be considered for UE information reporting in NR V2X. The type of exact information to be reported requires detailed study and analysis. As NR V2X supports all unicast/groupcast/broadcast type transmissions and various latency/reliability critical cases, it is reasonable to consider more extended information reporting framework in NR. 
Observation 7: Information reported by LTE V2X UE can be used by eNB for UE configuration and RRM purposes.
Proposal 8: The type of UE information reports necessary to support advanced specific features (i.e., including unicast transmission and stringent latency/reliability requirements) should be investigated.
UE information reporting in LTE V2X also supports RRM. UEs can be configured to report geographical location information by periodic/aperiodic or event-triggered measurement reports. Utilizing geographical information for resource allocation improves spectral reuse and overcomes near-far effect due to in-band emissions. LTE UEs can be configured to report CBR measurements to assist gNB with resource scheduling and congestion control. Another assistance information reported by LTE V2X UE is sidelink/uplink traffic characteristics of logical channels to aid SPS scheduling configurations at gNB. 
In addition to the assistance information reported in LTE, NR V2X may benefit from more extended UE assistance for the RRM function. NR V2X can operate on FR2 bands and beamforming based directional antennas can be deployed at the front and back of the vehicles, which will produce different sidelink interference caharacteristics than LTE. Sidelink resource allocation decisions by gNB can be improved if UEs report their speed and/or velocity (e.g., direction of travel) characteristics in addition to geographical location information.
Proposal 9: Investigate whether UE speed and/or velocity related information can improve RRM at gNB.

Assistance information on traffic patterns can be helpful for both uplink configured grants and sidelink mode-1 transmissions. Due to stringent latency/reliability requirements in NR V2X, it should be investigated whether there is need for enhancements to CBR measurement reporting mechanism in NR V2X. For example, higher reliability can be achieved by means of routing V2X traffic through Uu interface or by means of dynamically switching from mode-2 to mode-1 operation. On the other hand, lower latency can be achievable in mode-2. Enhancements to CBR reporting mechanism and framework may facilitate such dynamic switching decisions at gNB on a per radio bearer configuration basis.
Proposal 10: Study/evaluate whether CBR measurement reporting mechanism in LTE is sufficient for NR V2X.
The scope of the SI includes a novel sidelink resource allocation mechanism that allows one UE to schedule other UEs (i.e., Mode-2(d)). The candidacy and selection mechanism of such a scheduling UE by gNB is likely to require detailed assistance information from other UEs in the vicinity. UEs can measure and report RSRP from all candidate UEs along with the identification of each corresponding candidate. After the selection and assignment of the scheduling UE by gNB, other UEs that are configured to receive their scheduling commands by the scheduling UE may be given instructions by gNB to periodically (or based on event-triggering) report their RSRP measurements based on the scheduling UE’s RS.
Proposal 11: Study necessary assistance information and a reporting framework in Uu for the initial selection and subsequent validation of a scheduling UE by gNB.
Conclusions
We have the following observations:

Observation 1: It is early to decide on the NR mode-2 sidelink parameters broadcasted by LTE Uu.
Observation 2: It is unclear if LTE Uu can fulfill stringent latency and reliability requirements of NR sidelink in mode1.
Observation 3: Structural PHY differences between LTE and NR sidelink complicates the feasibility of LTE mode-3 configuration via NR Uu,
Observation 4: Dynamic grants are suitable for aperiodic traffic with large packet size when UE is in-coverage.
Observation 5: Type-1 GF and Type-2 SPS are suitable for periodic traffic with small packets.
[bookmark: _GoBack]Observation 6: Sharing the licensed carrier between NR-Uu and NR-PC5 can achieve higher spectral efficiency.
Observation 7: Information reported by LTE V2X UE can be used by eNB for UE configuration and RRM purposes.

We have the following proposals:

Proposal 1: Only the essential NR mode-2 parameters shall be considered initially for LTE Uu broadcast.
Proposal 2: Receiving NR mode-2 sidelink configuration from LTE-Uu should be defined as UE capability.
Proposal 3: NR mode-1 sidelink configuration by LTE-Uu is not supported.
Proposal 4: LTE mode-3 sidelink configuration by NR Uu shall be deprioritized.
Proposal 5: All three resource allocation techniques (i.e., dynamic grants, Type-1 GF, and Type-2 SPS) should be supported in NR mode-1 sidelink.
Proposal 6: NR sidelink design should consider sharing carrier with NR-Uu only on uplink carrier in FDD, and similarly only on uplink resources in TDD.
Proposal 7: In case of shared licensed carrier in TDD mode, sidelink resources shall not be determined based on UE-specific SFI configuration or based on flexible symbols.
Proposal 8: The type of UE information reports necessary to support advanced specific features (i.e., including unicast transmission and stringent latency/reliability requirements) should be investigated.
Proposal 9: Investigate whether UE speed and/or velocity related information can improve RRM at gNB.
Proposal 10: Study/evaluate whether CBR measurement reporting mechanism in LTE is sufficient for NR V2X.
Proposal 11: Study necessary assistance information and a reporting framework in Uu for the initial selection and subsequent validation of a scheduling UE by gNB.
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