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Introduction
At the RAN#80 meeting, the study item on NR V2X was approved [1]. Study of technical solutions for Uu-based sidelink resource allocation/configuration is one of the study item objectives:
	NR V2X SI Objective #3
Uu-based sidelink resource allocation/configuration (LTE V2X Mode3-like and Mode4-like) [RAN1, RAN2]:
· Identify necessary enhancements of LTE Uu and NR Uu to control NR sidelink from the cellular network 
· Identify necessary enhancements of NR Uu to control LTE sidelink from the cellular network 


At the previous RAN1 WG meetings, the following agreements were made:
	RAN1#94 Agreements
· NR Uu can assign NR sidelink resources for the following:
· Shared licensed carrier between Uu and NR sidelink
· Dedicated NR sidelink carrier
· Study at least the following NR sidelink resource allocation techniques:
· Dynamic resource allocation
· Activation/deactivation based
· E.g., semi-persistent scheduling allocation or NR grant free type-2 
· RRC (pre-)configured
· E.g., configured NR grant type-1, UE autonomous selection of resource(s) from resources configured by RRC
· RAN1 will study the level of network control, e.g., whether the UE may select other parameters (e.g., MCS) and/or the exact transmission resources, and whether the selection is autonomous or not
RAN1#94bis Agreements
· It is supported that LTE Uu provides at least necessary semi-static configuration for NR mode-2 SL communications
· FFS details
· Further study impact and benefits of LTE Uu managing NR mode-1 SL communications

· It is supported that NR Uu provides necessary semi-static configuration for mode-4 LTE SL communications
· From RAN1 perspective, signalling should be similar to LTE in terms of UE-specific or cell-specific
· Signalling details up to RAN2
· Further study feasibility, benefits (others than ones already identified for LTE) and impact of NR Uu managing LTE mode-3 SL communications. 

· Study further which resources to use for SL transmission and other network-control sidelink issues (e.g., power control) in the case of shared carrier

RAN1#95 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
· 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



This contribution is a revision of our contribution submitted to the previous meeting, here we additionally discuss NR sidelink resource allocation techniques agreed to be studied by RAN1. In this contribution, we analyze enhancements of LTE Uu and NR Uu to control NR sidelink from the cellular network, while our views on other NR-V2X design aspects are summarized in our companion contributions [2]-[9].

LTE Uu Enhancements to Control NR Sidelink
At the previous meeting, it was agreed that LTE Uu provides at least necessary semi-static configuration for NR mode-2 sidelink communication. This agreement was relatively straightforward from RAN1 perspective since the list of RRC parameters introduced for NR V2X resource configuration may be integrated into LTE RRC and signaled over Uu link. Note that this may require more considerations from RAN2 side on signaling details.
Another potential way how to enhance LTE Uu is to introduce support for dynamic scheduling of NR sidelink transmissions. However, this framework is not as straightforward and even complicated given that LTE Uu and NR PC5 technologies may have different numerologies. Furthermore the functionality of NR V2X is not known yet and therefore it may be eventually not possible to enable it, which is impossible to analyze at the moment. Finally, the benefits of enabling such a tight interaction between two technologies (LTE Uu and NR PC5) are not obvious. Considering the causality aspects and foreseeing multiple technical challenges which resolution is likely to consume a lot of specification efforts (e.g. support of unicast/groupcast functionality and different numerologies, etc.) we think that benefits of this scenario need to be justified and clear reasons of the importance should be provided. As for the technical feasibility, we are not yet even clear how RAN1 can make an assessment at this point given that functionality of NR-V2X is unknown at this stage.


Figure 1: LTE Uu for configuration / semi-static control of NR PC5
 
Support of LTE Uu dynamic scheduling of NR sidelink transmissions is not straightforward due to more advanced NR-V2X functionality (e.g. different numerologies, unicast, groupcast operation modes with PSFCH transmissions, etc.)
Analysis of the feasibility of LTE Uu to support dynamic scheduling of NR sidelink transmission is not obvious due to causality problem, given that NR V2X sidelink design is not completed yet.

Proposal 1: 
· Further discuss the need/benefits for LTE Uu to support scheduling of NR sidelink transmissions 

NR Uu Enhancements to Control LTE Sidelink
With respect to NR Uu dynamic control of LTE sidelink (although it may be seen easier to enable from specification perspective, comparing to the scenario when LTE Uu controls NR sidelink), the benefits and reasoning of supporting dynamic control are not evident. In addition, considerations on UE implementation complexity and required functionality should be discussed.
	RAN1#95 Agreement
· 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


Deployment scenarios
Taking into account technology evolution process, it is difficult to imagine regions that deploy NR Uu without LTE Uu and at the same time deploy LTE sidelink for vehicular services. Beside, that even if it is the case the LTE-V2X can still operate in UE-autonomous mode. In addition, we would like to point out that day-one V2X services can be also supported by NR-V2X technology and eventually many of them can migrate to NR-V2X. Therefore, we consider the work on enabling NR Uu dynamic control over LTE sidelink as a sort of unnecessary duplication and at the moment are quite unclear on scenario where it is beneficial.
DCI design and specification impact
We agree that DCI design is affected and eventually new DCI can be introduced for NR Uu, however in our view it is not the major issue and we are not convinced that forwarding of DCI Format 5 content is the only specification impact on NR. First of all we would like to point out that NR Uu will need to implement TX Profile selection concept in order to be able switch b/w LTE Mode-3 R14 and R15 transmission formats. In addition, R15 Mode-3 UEs support Mode-4 sensing and reporting to assist eNB scheduling. All LTE Mode-3 UE also report traffic assistance information and congestion control related information as well as sidelink scheduling request and BSR which are also required for eNB Mode-3 scheduling decisions. All of these functionality will need to be duplicated in NR Uu if dynamic scheduling is supported.
Another aspects that need to be analysed is a handover mechanism and impact on LTE Mode-3 UEs. RAN1 WG will need to also discuss timing relationship between NR Uu DCI transmission and LTE sidelink PSCCH/PSSCH transmission for all NR Uu numerologies and timing relationships. Finally, NR Uu should be added as a sidelink synchronization source for LTE V2X which is itself not a trivial task.
What will be required on the UE to support such feature
In our view this question heavily depends on UE implementation. In order to support such feature at UE side the fast inter-RAT interface will be required and may even need to be standardized as a cross-RAT adaptation layer.

Proposal 2:  
Further study and justify deployment scenarios where it is beneficial to introduce NR Uu dynamic control of LTE PC5 (i.e. gNB-controlled resource allocation mode over LTE-PC5)
Do not support NR Uu scheduling LTE PC5 w/o clear justification on beneficial deployment scenarios and thorough analysis on specification and UE implementation impact, which is not limited by NR Uu forwarding of LTE DCI Format 5 only

Potential NR Uu Enhancements to Control NR Sidelink
The control over NR Uu of NR sidelink transmissions is a quite natural combination to enable centralized management of sidelink resources. There are several enhancements that can be introduced to NR Uu for NR sidelink control:
gNB-controlled resource allocation
Resource sharing between Mode-1 and Mode-2 UEs
Uu-based mechanisms for sidelink resource reservation/pre-emption
Uu-based UE reporting / requests for sidelink control
Switching b/w sidelink resource allocation modes
Uu-based mechanisms for sidelink power or congestion control
Uu Control of Sidelink Unicast/Groupcast/Broadcast Transmission
Simultaneous operation of Mode-1 and Mode-2
In general, many of LTE Uu design principles to control LTE sidelink transmissions can be reused for NR Uu.

gNB-Controlled Resource Allocation
The first enhancement that can be introduced to NR Uu technology is the integration of gNB-controlled resource allocation mode for dynamic or semi-persistent scheduling of sidelink transmissions. The major principles of LTE-V2X design can be reused for NR V2X (e.g. gNB transmits DCI grant that schedules dynamic or semi-persistent UE PC5 transmission on sidelink). According to the agreements made at the previous meeting NR Uu can assign NR sidelink resources for shared licensed carrier and dedicated NR sidelink carrier and will support dynamic resource allocation:
	RAN1#95 Agreement
· The following NR sidelink resource allocation techniques by NR Uu for mode-1 are supported:
· Dynamic resource allocation
· Configured grant. 
· FFS whether type-1(RRC-grant) and/or type-2


The benefits of the dynamic and activation/deactivation based resource allocation (i.e. type-2 configured grant / SPS) were already discussed in LTE-V2X frameworks and these approaches can be reused for NR V2X. 
The third mechanisms based on RRC grant requires more analysis on its benefits. In particular, it is not clear which additional functionality it can provide to the system comparing to other discussed options of gNB control. It was argued that it provides latency benefits however we are unclear on this aspect as well given that RRC configuration latency was never considered as a user plane latency and that DCI based activation may immediately follow to emulate RRC-grant behavior. The RRC (pre)-configured grant gives some freedom to the UE whether to transmit or not based on the availability of data and therefore: 1) gNB is not fully aware about UE sidelink transmissions and 2) UE decides on transmission within RRC pattern (semi-autonomous). Considering, that we discuss gNB controlled resource allocation mode it looks to us more as a disadvantage. Therefore we would like to see more clarification from the proponents of RRC-grant to decide on whether it support is needed.

Proposal 3:  
· At least type-2 mechanism for semi-persistent resource allocation with dynamic activation/deactivation of SPS configurations is supported by NR V2X

Resource Sharing b/w Mode-1 and Mode-2 UEs
Sharing of sidelink resources in gNB-controlled (Mode-1) and UE-autonomous (Mode-2) resource allocation modes is one of the practical issues due to fundamentally different approaches used for sidelink resource allocation. The seamless coexistence between these two modes was one of the opens for LTE V2X communication that was addressed at some extent in LTE R15, where possibility of sensing and reporting was agreed for Mode-3 UEs. Lack of sidelink radio-environment/measurement information may results in sub-optimal scheduling decision for gNB controlled sidelink resource allocation. The following potential solutions can be further studied to address this problem:
Different SL channel access opportunities and granularities for gNB-controlled and UE-autonomous modes
· Configuration of different channel access occasions and resource allocation granularities for UEs operating in different modes is one of the approaches to seamlessly coexist in the same spectrum. This approach rely on Mode-2 UE sensing behavior that avoids selecting resource on shared resources where sidelink (in this example Mode-1) transmission is detected.
Pre-transmission sensing by gNB-controlled Mode-1 UEs
· gNB may request Mode-1 UE to perform sensing procedure to detect whether granted resource is congested/occupied. In order to acknowledge sidelink transmission, Mode-1 UE may report NACK/ACK-like signaling, indicating whether sidelink TX is occurred or not subject to pre-transmission sensing results.
Resource reservation signaling by Mode-1 UEs
· Mode-1 UEs may transmit resource reservation signaling on dedicated sidelink control channel resources and reserve sidelink resources in a shared sidelink resource pool
Uu based indication of reserved sidelink resources
· gNB sidelink scheduling information is delivered to target sidelink TX UEs in the form of sidelink grant (DCI Format). The same information can be additionally shared over Uu using group common DCI to indicate which resources are occupied by gNB-controlled sidelink transmissions or which resource from Mode-2 sidelink resource pool should be temporarily reserved. The group-common DCI may be associated with a specific geographical area, so that UEs from this area utilize this information in resource selection procedure. In this case all Mode-2 UEs may receive Uu signaling and exclude sidelink resources indicated over Uu link from candidate resource set. In some sense, this mechanism is very similar to resource exclusion based on decoding of received SCI.


Figure 2: Broadcasting of information on gNB-controlled scheduled transmissions

Proposal 4:  
· RAN1 to discuss sidelink resource sharing b/w Mode-1 and Mode-2 UEs and corresponding solutions to enable seamless coexistence

Uu-Based Mechanisms for Sidelink Resource Reservation
In UE-autonomous resource allocation, UE picks sidelink transmission resources by following predefined procedure for resource selection. For some of eV2X use cases, it may be useful to enable Uu signaling mechanism to preempt or reserve sidelink resources for a certain period of time in a given geographical area which is controlled by gNB. There may be different design options, how the Uu mechanism for sidelink resource reservation can be implemented.
gNB may dynamically or semi-statically preempt (indicate interrupted sidelink transmission) or reserve sidelink resources in allocated resource pools configured for UE-autonomous resource allocation mode)
UEs may request gNB to reserve sidelink resources in order to improve reliability of sidelink communication for its own transmission
gNB may also instruct Mode-1 or Mode-2 UEs to transmit sidelink grant (i.e. schedule PSCCH) for the purpose of sidelink resource reservation. This transmission may precede subsequent sidelink data allocation and can be delivered through a dedicated pool for sidelink control channel resources.
In order to implement Uu based sidelink resource reservation or preemption mechanisms, UEs may need to monitor predefined control channel occasions on Uu link and decode group common DCIs that may be associated with specific geographical areas, so that geo-casting principle is applied for reservation or preemption of sidelink resources over Uu mechanisms.

Proposal 5:  
· Study Uu-based mechanisms for sidelink resource reservation and preemption including UE reporting and requests for Uu control over sidelink

UE Measurements and Reporting
In order to manage sidelink resources, RAN1 agreed to support UE assistance signalling on UE geographic information and V2X traffic related information.
	· NR supports that UE reports assistance information to the gNB, consisting of at least (with details FFS):
· UE-related geographic information (e.g., position). 
· Reports of Uu V2X traffic-related information (at least for periodic traffic)


In our view, UE should be also able to provide sidelink physical layer measurements which are also critical to assists gNB scheduling decisions and resource allocation for sidelink transmissions. The indication of channel busy ratio (CBR), more detailed reporting on occupied or available candidate sidelink resources including SL-RSRP/SL-RSSI levels can assist gNB to make more accurate decisions on sidelink scheduling. The specific measurement that should be conducted by UE and can be reported to gNB may be discussed at a later stage once further progress is made on sidelink physical structure and resource allocation.

UE Requests for Sidelink Radio Resource Management
As we discussed in the previous sections for eV2X scenarios, it may be desirable to have mechanism when UE can request gNB to assist in sidelink radio-resource management, so that gNB can utilize Uu signaling for pre-emption or reservation of sidelink resources. This requests may be expected from UEs in case of high priority traffic with high target reliability requirements, especially in the cases when sidelink radio-environment is fully congested.

Proposal 6:  
· Support UE reporting of sidelink physical layer measurement such as SL-RSPR and SL-RSSI on predefined sidelink resources
· Study NR V2X enhancements when UE request gNB to facilitate in NR Uu based management of sidelink radio-resources

Switching b/w Resource Allocation Modes
Another mechanism for sidelink control is to enable Uu signalling (dynamic or semi-static) for UE switching between gNB-controlled (Mode-1) to UE-autonomous (Mode-2) resource allocation modes and vice versa. There may be various situations/conditions when such signalling can be beneficial. The priority and reliability of sidelink transmission is one of the considerations. Another consideration is the loading on Uu link, so that gNB may prioritize other Uu transmissions rather than sidelink scheduling at least until Uu loading is stabilized.

Proposal 7:  
· Study benefits of Uu-based switching b/w gNB-controlled (Mode-1) and UE-autonomous (Mode-2) sidelink resource allocation modes

Uu-based Mechanisms for Sidelink Power or Congestion Control
Finally, gNB Uu interface can be enhanced to enable control of sidelink transmission power or take a role in a sidelink congestion control. The sidelink power control can be beneficial for unicast communication or for coexistence purposes considering operation in licensed spectrum with Uu UL or coexistence with other technologies operating in adjacent channels or sharing the same channel. 
NR Uu air-interface can also play the role in sidelink congestion control, especially in case of gNB-controlled resource allocation mode, where gNB can collect sidelink congestion statistics from different geographical areas and assign resource taking into account congestion level in each area.
Uu Control of Sidelink Unicast/Groupcast/Broadcast Transmission
Sidelink HARQ feedback - Whether it is delivered to gNB by sidelink TX / RX or not delivered
In our view, sidelink HARQ feedback by receiver should not be supported given that it may be located in another cell or not RRC_CONNECTED, etc. The need to send sidelink HARQ feedback by sidelink transmitter is not obvious and depends on whether sidelink resource is granted by gNB for initial transmission and retransmission(s) or always allocated for each sidelink transmission. In our view these two cases need to be differentiated:
Sidelink resource(s) for retransmission(s) is granted by gNB in advance
· Will be used for sidelink broadcast communication
· Consistent with Mode-2 sensing principle
· If ACK is received in unicast, UE may use granted resources for other TB transmission
· If NACK is not received in groupcast, UE may use granted resources for other TB transmission
· gNB does not need to know ACK/NACK for each retransmission. Instead principle of SR/BSR can be used by transmitter
Sidelink resource for retransmission is granted by gNB based on sidelink feedback
· No much motivation to send ACK on Uu link, only NACK is actually needed
· Sidelink ACK/NACK transmission complicates PUCCH design
· SR can be transmitted instead or PUSCH with BSR. SR behavior may be enhanced for that purpose.
Proposal 8:  
· gNB scheduling Mode-1 UEs provides resources for initial transmission and retransmission
· Whether to support scenario where gNB grants sidelink resource based on NACK is FFS
· Sidelink HARQ feedback on Uu-link by target sidelink receiver is not supported
· SR/BSR framework is enhanced instead of sidelink ACK/NACK signalling on Uu link by sidelink transmitter
Sidelink CSI feedback - Whether it is delivered to gNB by sidelink TX / RX or not delivered
The sidelink link adaptation is done by transmitter UE which processes sidelink ACK/NACK feedback, selects resources as well as MCS for sidelink transmission. Sidelink transmitter may also request receiver to provide feedback on (SL-RSRP, SL-SINR, etc). This information is sufficient to maintain sidelink quality. In general, we do not see benefit of reporting sidelink CSI information by receiver, especially considering the fact that receiver may be served by other cell. The SL-RSRP/SL-SINR measurements conducted by transmitter as well as those collected from target receiver can be reported to gNB by sidelink transmitter.
Proposal 9: 
· Mode-1 TX UE supports reporting of SL-RSRP and SL-SINR measurements collected from target receiver as well as its own measurements
Sidelink Grant - Whether gNB can sent grant for sidelink transmission, reception or both
Considering that gNB fully controls sidelink resources and transmissions in Mode-1 for all UEs we do not see much motivation to send SL grant for transmission and reception. The SL grant for transmission is sufficient to address all half-duplex issues in case of unicast and groupcast system assuming that gNB controls transmission behaviour of UEs.
Proposal 10: 
· NR-V2X Uu supports grants for sidelink transmission and does not support grants for sidelink reception in R16
MCS control
The control of MCS for sidelink transmission by gNB is quite challenging and does not seem to be justified. We would like to point out that accurate link adaptation on sidelink is challenging for eV2X uses cases due to non-predictable interference environment at the receiver side as well as fast channel variation. Therefore sophisticated control of MCS level by gNB is very challenging and will just increase system complexity.

Proposal 11: 
· MCS for sidelink transmission is controlled by the sidelink transmitter

Simultaneous Mode-1/Mode-2 Operation
At the previous meeting RAN2 WG agreed to support scenario where “a UE can be configured to perform both mode-1 and mode-2 at the same time”. 
	RAN2 will support the case a UE can be configured to perform both mode-1 and mode-2 at the same time assuming RAN1 does not have concern on it. FFS on the scenario which it is applicable.


In our understanding, this scenario may be useful under assumption that Mode-1 can provide higher QoS level of sidelink transmissions comparing to Mode-2. Whether this scenario is feasible or not needs to be further analysed. From RAN1 perspective, the answer may be more clear once NR-V2X sidelink design becomes more mature. If this scenario is finally agreed, then RAN1 will need to discuss prioritization between Mode-1 and Mode-2 transmissions as well as between Mode-1 transmission and sidelink reception (either Mode-1 or Mode-2).

Proposal 12: 
· If UE is configured to perform both Mode-1 and Mode-2 at the same time, the Mode-1 transmissions are prioritized over Mode-2 sidelink transmissions 
· FFS if Mode-1 sidelink transmission are prioritized over all sidelink receptions

Conclusions
In this contribution, we have analyzed enhancements of LTE Uu and NR Uu to control NR sidelink from the cellular network. For NR Uu control of NR sidelink, the additional enhancements can be introduced to enable gNB-controlled resource allocation mode, Uu-based mechanisms for sidelink resource reservation as well as enhancements to facilitate resource sharing between gNB-controlled and UE-autonomous resource allocation modes. In summary, we have following proposals:
Proposal 1: 
· Further discuss the need/benefits for LTE Uu to support scheduling of NR sidelink transmissions 
Proposal 2: 
Further study and justify deployment scenarios where it is beneficial to introduce NR Uu dynamic control of LTE PC5 (i.e. gNB-controlled resource allocation mode over LTE-PC5)
Do not support NR Uu scheduling LTE PC5 w/o clear justification on beneficial deployment scenarios and thorough analysis on specification and UE implementation impact, which is not limited by NR Uu forwarding of LTE DCI Format 5 only
Proposal 3: 
· At least type-2 mechanism for semi-persistent resource allocation with dynamic activation/deactivation of SPS configurations is supported by NR V2X
Proposal 4: 
· RAN1 to discuss sidelink resource sharing b/w Mode-1 and Mode-2 UEs and corresponding solutions to enable seamless coexistence
Proposal 5: 
· Study Uu-based mechanisms for sidelink resource reservation and preemption including UE reporting and requests for Uu control over sidelink
Proposal 6: 
· Support UE reporting of sidelink physical layer measurement such as SL-RSPR and SL-RSSI on predefined sidelink resources
· Study NR V2X enhancements when UE request gNB to facilitate in NR Uu based management of sidelink radio-resources
Proposal 7: 
· Study benefits of Uu-based switching b/w gNB-controlled (Mode-1) and UE-autonomous (Mode-2) sidelink resource allocation modes
Proposal 8: 
· gNB scheduling Mode-1 UEs provides resources for initial transmission and retransmission
· Whether to support scenario where gNB grants sidelink resource based on NACK is FFS
· Sidelink HARQ feedback on Uu-link by target sidelink receiver is not supported
· SR/BSR framework is enhanced instead of sidelink ACK/NACK signalling on Uu link by sidelink transmitter
Proposal 9: 
· Mode-1 TX UE supports reporting of SL-RSRP and SL-SINR measurements collected from target receiver as well as its own measurements
Proposal 10: 
· NR-V2X Uu supports grants for sidelink transmission and does not support grants for sidelink reception in R16
Proposal 11: 
· MCS for sidelink transmission is controlled by the sidelink transmitter
Proposal 12: 
· If UE is configured to perform both Mode-1 and Mode-2 at the same time, the Mode-1 transmissions are prioritized over Mode-2 sidelink transmissions 
· FFS if Mode-1 sidelink transmission are prioritized over all sidelink receptions
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