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Introduction
The following agreements were made in RAN1#94 to study the potential enhancements for NR-Uu interface to control NR sidelink [1].
	Agreements:
· NR Uu can assign NR sidelink resources for the following:
· Shared licensed carrier between Uu and NR sidelink
· Dedicated NR sidelink carrier
Agreements:
· 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



In this contribution we present our views on shared licensed carrier between Uu and sidelink, and discuss which of the sidelink resource allocation techniques are suitable for in-coverage and out-of-coverage scenarios. We also talk about the level of network control vs. UE autonomous selection. Then we discuss about LTE-Uu enhancements to control NR sidelink.
Discussion
Shared licensed vs. dedicated carrier for NR-PC5
Sidelink carriers controlled by NR-Uu can be based on a dedicated band (e.g., 5.9 GHz ITS) or based on a licensed band shared by the Uu interface. A dedicated carrier (such as ITS band) may have coexistence issues with LTE-V2X, or else spectrum re-farming may need to be applied. A licensed carrier shared between NR-Uu and NR sidelink may offer spectral efficiency gain, but mutual interference needs to be taken into account.
Observation 1: 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 and power control 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 and power control at gNB can be handled better since the scheduling decisions are made by gNB when UE is in-coverage (i.e., mode-3 operation). For similar reasoning, sidelink deployment should be considered in TDD mode on uplink resources as well when licensed carrier is shared. 
We propose the following:
Proposal 1: NR sidelink design should consider sharing carrier with NR-Uu only on uplink carrier in FDD, and similarly only on uplink resources in TDD.

For better scheduling flexibility, both dedicated and shared carriers should be considered during NR V2X study. Potential design solutions for interference management need to be studied during the SI to understand the feasibility of a shared licensed carrier between NR-Uu and sidelink. 
Observation 2: Co-channel interference between NR-Uu and NR sidelink can be overwhelming if not managed.
We propose the following:
Proposal 2: Interference mitigation techniques should be investigated to support shared licensed carrier between NR-Uu and NR sidelink interfaces. 

Sidelink resource allocation techniques
R15 uplink NR supports dynamic grants, RRC-configured Type-1 grant-fee (GF) allocation and DCI-activated Type-2 SPS. These techniques are compared in Table 1 in terms of latency, reliability, packet size, coverage, and traffic pattern.
Table 1 Resource allocation techniques in NR uplink
	
	Latency
	Reliability
	Packet size
	Coverage type
	Traffic

	Dynamic grant
	Medium
Latency is achievable with high SCS and mini-slot (despite SR)
	High
Dedicated resources and LA
	Large
Overhead is high for small packets
	In-coverage Out-of-coverage D2D operation may require high overhead
	Aperiodic
Signalling overhead too high for periodic traffic

	RRC (Type1)
(activation/deactivation is by RRC)
	Low
No immediate SR or BSR needed
	Medium
Potential collision, 
Re-tx on dynamic grant
	Small
Large packets may require fast LA due to varying channel conditions
	In-coverage
and out-of-coverage
	Periodic and Aperiodic

	SPS (Type2) with DCI activation/deactivation
	Low
No SR or BSR needed
	Medium
Potential collision, 
Re-tx on dynamic grant
	Small/Medium
	In-coverage and out-of-coverage
	Periodic and Aperiodic



Type-1 GF and Type-2 SPS can achieve lower latency than dynamic grants while dynamic grants offer good reliability. Dynamic grants are suitable for network-controlled scheduling when UE is in-coverage. Due to high signaling overhead dynamic grants are also suitable for aperiodic traffic whereas Type-1 GF and Type-2 SPS work well with periodic traffic patterns. Re-configuration of some link parameters (e.g., MCS) are signaled via RRC in Type-1 GF, hence it may not be a good candidate for dynamic link adaptation. For dynamic grants and Type-2 SPS, link adaptation parameters can be signaled via DCI. Furthermore, dynamic grants, Type-1 GF, and Type-2 SPS can configure/select the resource pools and then UE can use sensing technique to select tranmitted resource with link parameters signalled by SCI. 
We make the following observations about the available RA techniques in R15 NR uplink:
Observation 3: Dynamic grants are suitable for aperiodic traffic with large packet size when UE is in-coverage.
Observation 4: Type-1 GF and Type-2 SPS are suitable for periodic traffic with small packets when UE is either in-coverage or out-of-coverage.
Observation 5: Type-1 GF may be insufficient for sidelink link adaptation if UE is out-of-coverage (no RRC signaling).

In RAN1#94 two resource allocation modes (Mode-1 and Mode-2) were agreed for sidelink as follows [1]:
	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



Unlike LTE, NR sidelink supports both aperiodic and periodic traffic with both small and large packet sizes, and offers unicast, groupcast, and broadcast transmissions [2]. When the sidelink resources are configured by base station in Mode-1, scheduling decisions can be made based on the requirements and channel conditions. Since all three resource allocation tecnhiques in NR are controlled/(pre)-configured by gNB, they can be considered for sidelink Mode-1 operation. We propose the following:
Proposal 3: In Mode-1 resource allocation, resource allocation techniques similar to the techniques available in Rel-15 NR (i.e., dynamic grant, Type-2 SPS, and Type-1 GF) can be supported via the NR-Uu interface. 

In resource allocation Mode-2, UE can determine transmission resources from a pool of pre-configured sidelink resources. An RRC-configured technique similar to Type-1 GF can be suitable for broadcast/groupcast transmission wherein no link adaptation may be needed. Base station can pre-configure UE by RRC when it is back in-coverage. Activation can either be triggered via RRC from the base station while UE is still in-coverage, or activation can be triggered autonomously when UE falls out-of-coverage. An SCI-based technique similar to Type-2 SPS can be suitable for unicast/groupcast transmissions wherein link adaptation could be necessary. Similar to NR Type-2 SPS, configuration/activation can be triggered via DCI from the base station only whereas re-configuration can also be triggered via SCI on sidelink when UE operates in Mode-2. Also similar to NR Type-2 SPS, re-transmissions of a failed TB can be triggered in sidelink with a dynamic grant for better transmission reliability.
We propose the following:
Proposal 4: In Mode-2 resource allocation, a Type-1 GF-like technique and a Type-2 SPS-like technique should be supported. 
· Whether dynamic grants in Mode-2 are limited only for re-transmissions needs to be studied further.
· Alternatively, a single technique that can offer both Type-1 GF-like and Type-2 SPS-like configurations can be considered if feasible.

For the Type-2 SPS like technique in sidelink, transmission parameters that are re-configurable by SCI can be limited to the link adaptation function only, such as MCS, power control, PMI (if supported), RI (if supported), etc. However, resource allocation and activation/de-activation/re-activation triggers should be configurable only by gNB (via DCI) when UE is back in coverage. 

Proposal 5: Type-2 SPS-like technique in sidelink should support some level of re-configurability via SCI 
· The exact parameters to be studied further.

Network controlled vs. UE autonomous configuration
LTE-V2X relies on full network control for the selection of sidelink transmission parameters whereas UE autonomous selection is utilized only for the selection of transmission resources (from a pre-configured resource pool) in mode-4 when UE is out-of-coverage. 
In LTE-V2X, in-coverage and out-of-coverage conditions are defined in [3] as follows:
· In-coverage: 
	“If the UE detects at least one cell on the frequency which UE is configured to perform sidelink operation on fulfilling the S criterion in accordance with section 11.4.1, it shall consider itself to be in-coverage for sidelink operation on that frequency”
· Out-of-coverage:
	“If the UE cannot detect any cell on that frequency meeting the S criterion, it shall consider itself to be out-of-coverage for sidelink operation on that frequency”
“In-coverage” and “out-of-coverage” definitions in LTE-V2X are based on a given frequency. In the following we assume similar definitions for NR-V2X in-coverage and out-of-coverage. 
LTE-V2X resource allocation mode-3 is designed for in-coverage UE while mode-4 is aimed for out-of-coverage UE. Unlike LTE-V2X, one-to-one correlation between coverage conditions and resource allocation modes may not be as straightforward in NR-V2X. We can consider two scenarios:
1. An out-of-coverage NR vehicle (on a given sidelink frequency) may be in cell coverage on another frequency. With the help of cross-carrier scheduling (if supported), gNB can allocate sidelink resources in Mode-1 for the out-of-coverage UE. Such flexibility can improve interference management and spectral gain by means of better collision avoidance. 
2. An in-coverage NR vehicle may also benefit from Mode-2 resource allocation. Consider two examples below.
· When NR-V2X UEs communicate and exchange all control information autonomously on sidelink instead of through the Uu interface, lower e2e latency (and possibly also lower PHY latency) can be achieved. As NR-V2X supports advanced use cases with latency-critical service requirements, it may be preferable to enable NR vehicles to communicate autonomously through sidelink when they are in-coverage of gNB.
· LTE-Uu interface (with necessary enhancements) can help configure NR sidelink, however it is unclear if all of NR-V2X advanced use cases can be supported via LTE-Uu (due to loose latency/reliability requirements and lack of NR-specific concepts, such as BWP, numerology, etc.). It may be desirable to allow NR vehicles to communicate with each other autonomously through sidelink even when they are in LTE coverage. 
Observation 6: Unlike LTE V2X mode-3&4, resource allocation modes in NR V2X (mode-1&2) do not always correspond to in-coverage and out-of-coverage scenarios.
We have the following proposal:
Proposal 6: Network should be able to configure UE with a resource allocation mode irrespectively of the coverage conditions. 
· To be decided: allow Mode-1 when out-of-coverage, or allow Mode-2 when in-coverage, or both.

Since NR-V2X can operate in unicast/groupcast/broadcast, selection for link parameters (in addition to tx resources) can be controlled by the network or performed by UE autonomously. 
Since Mode-1 already requires network signaling for resource allocation, additional parameters can also be configured in the same manner based on network control. On the contrary, Mode-2 can be supported when UE is not in cell coverage on any frequency, hence some level of UE autonomous selection is essential for link adaptation. The level of UE autonomy should be studied further.
We propose the following:
Proposal 7: In mode-1 resource allocation, gNB provides all of the configuration parameters, including transmission resources, MCS, HARQ, CSI parameters (i.e., full network control). 

Proposal 8: In mode-2 resource allocation, gNB provides some of the configuration parameters whereas UE has some level of autonomous selection
· gNB can pre-configure the resources/resource pool
· UE can autonomously select some of the link adaptation parameters and resources by sensing
· Details to be studied further

LTE-Uu enhancements to control NR sidelink
Enhancements to LTE-Uu can be beneficial during early NR deployment when coverage is limited although it is not clear whether LTE-Uu will have a significant use case in the long term to control NR sidelink.
Observation 7: LTE-Uu interface can be used to control NR sidelink at least during early NR deployment.
NR-V2X supports advanced use cases which are not available in LTE V2X. When NR sidelink is configured via LTE-Uu, the functionality of all advanced NR use cases should be maintained with minimal UE design changes. 
Proposal 9: All of the sidelink configuration parameters defined for NR-Uu should be supported by LTE-Uu to minimize UE design complexity. 

Enhancements to LTE-Uu should focus on duplicating the same configurations available in NR-Uu without introducing any other functionality. All LTE-specific configurations should be avoided when controlling NR sidelink. If support for LTE-Uu configuration demands any additional requirements, configurability via LTE-Uu should be defined as an optional capability.
Proposal 10: Receiving NR sidelink configuration from LTE-Uu interface should be defined as a UE capability.
LTE-V2X uses DCI format 5A to configure resource allocation in LTE sidelink. Since NR-V2X supports advanced use cases with new functionalities, a new LTE DCI format is necessary to control NR sidelink rather than introducing an extension to the existing DCI format 5A. It is also desirable to design the new LTE DCI format similar to its NR counterpart. 
Proposal 11: Introduce a new DCI format (e.g., DCI format 5B) for LTE-Uu with the objective of supporting all available NR sidelink configuration parameters.  
Conclusions
We have the following observations:

Observation 1: Sharing the licensed carrier between NR-Uu and NR-PC5 can achieve higher spectral efficiency.
Observation 2: Co-channel interference between NR-Uu and NR sidelink can be overwhelming if not managed.
Observation 3: Dynamic grants are suitable for aperiodic traffic with large packet size when UE is in-coverage.
Observation 4: Type-1 GF and Type-2 SPS are suitable for periodic traffic with small packets when UE is either in-coverage or out-of-coverage.
Observation 5: Type-1 GF may be insufficient for sidelink link adaptation if UE is out-of-coverage (no RRC signaling).
Observation 6: Unlike LTE V2X mode-3&4, resource allocation modes in NR V2X (mode-1&2) do not always correspond to in-coverage and out-of-coverage scenarios.
Observation 7: LTE-Uu interface can be used to control NR sidelink at least during early NR deployment.


We have the following proposals:

Proposal 1: 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 2: Interference mitigation techniques should be investigated to support shared licensed carrier between NR-Uu and NR sidelink interfaces.
Proposal 3: In Mode-1 resource allocation, resource allocation techniques similar to the techniques available in Rel-15 NR (i.e., dynamic grant, Type-2 SPS, and Type-1 GF) can be supported via the NR-Uu interface.
Proposal 4: In Mode-2 resource allocation, a Type-1 GF-like technique and a Type-2 SPS-like technique should be supported. 
· Whether dynamic grants in Mode-2 are limited only for re-transmissions needs to be studied further.
· Alternatively, a single technique that can offer both Type-1 GF-like and Type-2 SPS-like configurations can be considered if feasible.
[bookmark: _GoBack]Proposal 5: Type-2 SPS-like technique in sidelink should support some level of re-configurability via SCI
· The exact parameters to be studied further.
Proposal 6: Network should be able to configure UE with a resource allocation mode irrespectively of the coverage conditions. 
· To be decided: allow Mode-1 when out-of-coverage, or allow Mode-2 when in-coverage, or both.
Proposal 7: In mode-1 resource allocation, gNB provides all of the configuration parameters, including transmission resources, MCS, HARQ, CSI parameters (i.e., full network control).
Proposal 8: In mode-2 resource allocation, gNB provides some of the configuration parameters whereas UE has some level of autonomous selection
· gNB can pre-configure the resources/resource pool
· UE can autonomously select some of the link adaptation parameters and resources by sensing
· Details to be studied further
Proposal 9: All of the sidelink configuration parameters defined for NR-Uu should be supported by LTE-Uu to minimize UE design complexity.
Proposal 10: Receiving NR sidelink configuration from LTE-Uu interface should be defined as a UE capability.
Proposal 11: Introduce a new DCI format (e.g., DCI format 5B) for LTE-Uu with the objective of supporting all available NR sidelink configuration parameters.
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