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Introduction
In RAN1 #94 meeting [1], the following agreements have been achieved for LTE Uu and NR Uu control NR sidelink in NR V2X:
	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 RAN1#94bis meeting [2], the following agreements have been achieved:
	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
Agreements:
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. 

Conclusion:
· Send LS to RAN2 informing them the above two agreements:
· For the 2nd agreements, ask RAN2 to work on signalling
· For the 1st agreements, RAN1 is continuing working on identifying necessary details, including parameters
· Draft LS in R1-1812005 (Phillippe, Huawei), which is approved and final LS in R1-1812057

Agreements:
Continue studying NR sidelink resource allocation techniques by NR Uu for mode-1:
· Dynamic resource allocation
· Semi-persistent scheduling allocation or NR grant type-2 (activation/de-activation by physical layer signaling)
· Grant free transmission i.e., configured NR grant type-1
Agreements:
· 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 


This contribution discusses the potential enhancements of LTE & NR Uu to control NR sidelink and NR Uu to control LTE sidelink from the cellular network.
Discussion
LTE Uu to control NR sidelink
LTE technology and network had been well deployed with large footprints globally and evolved to support advanced services during the past decade. The LTE network is going to be the dominant network in the next few years when NR network starts to commercially deploy. During the initial NR network deployment, the NR coverage is limited. Since the LTE network is well established and stably operated, the NR network would be deployed along side with the LTE base stations.
LTE Uu to control NR sidelink mode-1
For LTE Uu supports controlling NR sidelink mode-1 communication, eNB has the resource allocation information for all of the in-coverage UEs. eNB configuring and scheduling resources for NR sidelink mode-1 can provide high reliability, flexible resource utilization and extended communication coverage. However, some disadvantages should be considered. Grant based configuration and resource scheduling cannot fulfill the requirement of low latency use cases, e.g. 3ms. LTE signaling cannot be reused by NR sidelink, and new control signaling, e.g. SIB or RRC, needs to be defined for NR sidelink resource configuration and allocation. Furthermore, the downlink control signaling should be differentiated by LTE and NR sidelinks.
Proposal 1: LTE Uu to control NR sidelink mode-1 can be supported, at least for high reliability requirement use cases when only LTE network is available.
LTE Uu to control NR sidelink mode-2
NR sidelink would have some new features in mode-2 resource selection and management for sidelink transmission, LTE Uu should support new configuration mechanism by taking into account unicast, groupcast, variable numerologies, resource pool sharing. In order to semi-statically configure NR sidelink mode-2 communication, new control signaling with a set of parameters needs to be defined. At least the following new features should be considered in the signaling: variable numerology, NR UE assistants/manages the sidelink communication of other UEs, unicast and groupcast, HARQ, and so on.
Proposal 2: For the LTE Uu to control the NR sidelink communication, a new set of control signaling for sidelink configuration needs to be supported by LTE Uu.
NR Uu to control NR sidelink
NR Uu-based sidelink mode-1 resource allocation
According to the definition and agreements in RAN1 #94 and #94bis, NR Uu-based sidelink mode-1 resource allocation techniques would include at least three mechanisms for further study:
· Dynamic resource allocation
· Semi-persistent scheduling allocation or NR grant type-2 (activation/de-activation by physical layer signaling)
· Grant free transmission i.e., configured NR grant type-1
For dynamic resource allocation, before sidelink transmission UE report BSR to gNB. After received the scheduling grant from gNB, e.g. DCI, UE can transmit sidelink data on the allocated resources. This type of transmission scheduling can provide high reliability since sidelink resources are scheduled by gNB with resources occupancy information. Due to the limitation of BSR reporting and DCI scheduling, dynamic resource allocation cannot achieve the extremely low latency requirement, e.g. 3ms.
For Semi-persistent scheduling allocation (SPS), BSR is reported only once to gNB before sidelink transmission. After received the SPS scheduling grant from gNB, e.g. DCI with SPS configuration and activation, UE can transmit sidelink data on the allocation resources for a period of time without extra scheduling request. Compared with dynamic resource allocation, SPS not only reduces the signaling overhead and latency, but also it has similar reliability on resource allocation. However, the initial sidelink transmission of SPS is still based on BSR and downlink grant, the first transmission may not satisfy the extremely low latency requirement. The unsuccessful first transmission can degrade the reliability when the traffic is very short. Besides, if the traffic is bursty, the resource utilization efficiency is degraded when there is lots of aperiodic traffic.
Proposal 3: Dynamic and SPS resource allocation can be supported with enhancement mechanism for latency reduction.
For NR grant type-2 resource allocation, this mechanism and procedure is similar to that of SPS as discussed aforementioned with activation/de-activation. The difference between them is that UE in NR grant type-2 can have the allocated resource set in one configuration grant. When traffic arrives, UE may select the appropriate resources and report BSR to gNB for activation grant. If SPS allocation is supported, the benefit is not clear to introduce NR grant type-2 with almost the same feature.
Proposal 4: The NR grant type-2 resource allocation mechanism is not necessary when SPS is supported.
For configured NR grant type-1, no activation/de-activation signaling is needed for utilization of the allocated resources for transmission. When traffic arrives, UE can immediately select resources from the configured resource set for transmission. NR grant type-1 can guarantee low latency scenarios when the requirement is high. However, after the resource set is configured and allocated to UE, it cannot be used by other UEs even the resources are not in used. This could lead to resources waste, which causes lack of resources when traffic is very busy. If NR grant type-1 resource allocation is supported, the enhancement is needed on how to utilize the pre-configured resources that are not going to be used.
Observation 1: The NR grant type-1 mechanism can lead to resource wasting in the pre-configured resource set.
Proposal 5: NR grant type-1 resource allocation mechanism can be supported with enhancement mechanism on resource utilization efficiency.
Support of high data rate services
Another issue of mode-1 resource allocation is to support the high data rate e.g. 25Mbps. Assuming packets are transmitted every 10ms, the average packet is 31250byte. While in 3GPP V2X Phase 2, the maximum transmission capability can be up to 9186 byte within a TTI, for a SL-C-TX Category 5 UE working in 30 MHz band combination and adopting 64 QAM. If supporting the packet size of 31250 byte within a slot, the much wider bandwidth should be supported, which is around 100MHz. While in FR 1, it can hardly be achieved. Therefore, the carrier aggregation and slot aggregation should be studied in NR V2X, in order to scheduling more frequency and time domain resource for a big size packet. For example, resources of multiple continuous slots can be allocated in multiple carriers by SPS scheduling.
Proposal 6: For resource allocation mode-1, the scheduling solution for carrier aggregation and slot aggregation should be further studied, in order to support high data rate services.
Support of sidelink resource allocation on shared carrier
When the frequency resources are shared by Uu-based and PC5-based sidelink transmission, TDD mode can be used to mitigate the transmission collision. For in-coverage scenario, UE would only need to decode the DL common channels that include SSBs, CORESETS (PDCCH) and group-common PDCCH. Other resources used by UE would be scheduled by gNB through DCI or by higher layer through semi-static allocation. Therefore, the V2X UEs should use any resources (e.g. UL, DL, X or any symbol of them) allocated by the gNB without concerning if it is DL/UL/GP in the slot format configuration in the shared carrier. UEs should not even consider any potential interference management scheme to other cells (e.g. power control), since UEs would be controlled by the network when any sidelink resource is allocated either through mode-1 or mode-2 resource allocation.
Observation 2: For TDD and in-coverage scenario, V2X UEs should use any resources scheduled by gNB or semi-statically allocated by higher layer without concerning in the shared carrier.
Proposal 7: At least, UL symbols can be used for sidelink transmission on shared carrier.
NR Uu to control LTE sidelink
Resource pool of LTE sidelink under the NR network control is more flexible than that being pre-configured because the NR network can configure UE with the resource collectively to adapt to the usage of the resource pools. The NR network also can adjust the resource of the LTE mode-3/4 resource pools if needed. If LTE sidelink is not controlled by LTE Network, as the UE is out of the LTE network coverage but in the coverage of NR Network, LTE sidelink resource controlled by NR Network seems to be helpful for improving the flexibility of resource pool configuration.
Observation 3: LTE sidelink resource controlled by NR Network may improve the flexibility of resource pool configuration.
LTE sidelink and NR sidelink may be deployed with non-co-channel deployment.  Several issues, such as the in-device interference and half duplex impact for adjacent channel transmission, should be taken into consideration for the NR and LTE V2X resource allocation. One solution of in-device interference mitigation is that LTE sidelink and NR sidelink are transmitted as TDM. However, the resource utilization is significantly degraded by the TDMed resource pool partition among LTE and NR V2X resources for PC5 communication. 
If both LTE sidelink and NR sidelink are controlled by NR network, NR network can coordinate the resource allocation and transmission of LTE sidelink and NR sidelink to be TDMed. Moreover, the LTE mode-3 resource allocation for LTE sidelink transmission and NR mode-1 resource allocation for NR sidelink transmission can be further coordinated by NR network based on traffic types and QoS requirements, such as latency and data rate. If the NR network could collectively allocate the resources for LTE sidelink and NR sidelink transmission based on the inter-band or intra-band deployment scenario, the resource utilization would be more efficient and the in-device cross-interference could be minimized.
Observation 4: If the NR network could collectively allocate the resources for LTE sidelink and NR sidelink transmission based on the inter-band or intra-band deployment scenario, the resource utilization would be more efficient and the in-device cross-interference could be minimized.
Proposal 8: NR network controlling the resource allocation for the LTE sidelink transmission should be supported to improve the resource utilization.
Coordination between eNB and gNB on schedule signaling
When NR UE is in coverage of LTE network and NR network, the coordination between LTE network and NR network for the resource allocation is needed for the avoidance of the resource collision and interference mitigation. The backhaul signaling of Xn+ interactive interface can be further studied according to specific message for the coordination of resource allocation. If NR network coordinate with LTE network, NR network can inform the resources allocated to the LTE network, and the LTE network indicate the LTE mode-3 resources to the UE by DCI format 5A. Even the NR V2X UE is out-of-coverage of gNB but in-coverage of eNB, gNB can configure/schedule resources for NR sidelink transmission. Not only can this coordination extend the coverage of gNB, but also provide flexibility of network to control NR sidelink transmission. However, additional latency and signaling overhead are introduced when the signaling is transferred between eNB and gNB.
Proposal 9: The coordination between the LTE network and the NR network is essential in avoiding resource collision and mitigating the interference. The signaling IE on Xn+ should be studied by RAN3
Coexistence of LTE Uu, NR Uu and NR sidelink
When NR UE is in coverage of LTE network and NR network, several other issues in the following should be considered in the system design of NR network controlling the resource allocation for the LTE sidelink transmission.  
· Issue 1: For a dual module V2X UE is in the coverage of both LTE and NR network, the sidelink transmission is controlled individually by the LTE network and the NR network. The collective resource allocation by one network would improve the efficient of resource utilization for both LTE and NR V2X sidelink transmission. Which network would be a better candidate for the collective resource allocation?
· Issue 2: When the resource allocation for the LTE and NR sidelink transmissions for a dual module V2X UE are controlled by the NR network, how is the controlled signaling design to enable the dual-mode UE differentiate the control signaling designated for LTE sidelink or NR sidelink transmission?
For issue 1, the resource allocation and the control of LTE V2X sidelink transmission in the LTE-NR V2X dual connectivity will be by the access network, which is the primary cell group (PCG) in LTE-NR dual connectivity.  The access network can be pre-configured by the operator or can be selected by UE according to a pre-configured rule. The V2X UE may choose the access network based on the quality of network signal strength or may choose a network based on the traffic type. For example, UE may choose LTE network as the primary cell group for V2X basic service only. If the advanced V2X services are expected for the dual-mode UE, UE may choose the NR network as the access network for the coordination of the resource allocation and the control of the NR and LTE sidelink dual connectivity.   
Proposal 10: For a dual mode V2X UE in the coverage of the LTE and the NR network, the selection of the primary cell group (PCG) for the LTE-NR V2X dual connectivity shall be pre-configured by the operator.
For issue 2, when the NR network allocated both LTE and NR V2X resources, the DL control signaling needs to include the field of carrier index to indicate the resource designated for LTE or NR sidelink transmission. Cross carrier indication in CA could be reused as the carrier index of the LTE V2X resource allocation, and carrier indication can be used for the differentiation of resource allocation for LTE or NR sidelink transmission. Other methods such as RNTI scrambling or additional 1 bit indication are also can be considered.
Proposal 11: Carrier indication, RNTI or additional indicator could be used for the differentiation of resource allocation for LTE or NR sidelink transmission.  
Conclusion
In this contribution, the LTE & NR Uu to control NR sidelink and NR Uu to control LTE sidelink transmission is discussed. We have the following observations and proposals:
Proposal 1: LTE Uu to control NR sidelink mode-1 can be supported, at least for high reliability requirement use cases when only LTE network is available.
Proposal 2: For the LTE Uu to control the NR sidelink communication, a new set of control signaling for sidelink configuration needs to be supported by LTE Uu.
Proposal 3: Dynamic and SPS resource allocation can be supported with enhancement mechanism for latency reduction.
Proposal 4: The NR grant type-2 resource allocation mechanism is not necessary when SPS is supported.
Observation 1: The NR grant type-1 mechanism can lead to resource wasting in the pre-configured resource set.
Proposal 5: NR grant type-1 resource allocation mechanism can be supported with enhancement mechanism on resource utilization efficiency.
Proposal 6: For resource allocation mode-1, the scheduling solution for carrier aggregation and slot aggregation should be further studied, in order to support high data rate services.
Observation 2: For TDD and in-coverage scenario, V2X UEs should use any resources scheduled by gNB or semi-statically allocated by higher layer without concerning in the shared carrier.
Proposal 7: At least, UL symbols can be used for sidelink transmission on shared carrier.
Observation 3: LTE sidelink resource controlled by NR Network may improve the flexibility of resource pool configuration.
Observation 4: If the NR network could collectively allocate the resources for LTE sidelink and NR sidelink transmission based on the inter-band or intra-band deployment scenario, the resource utilization would be more efficient and the in-device cross-interference could be minimized.
Proposal 8: NR network controlling the resource allocation for the LTE sidelink transmission should be supported to improve the resource utilization.
Proposal 9: The coordination between the LTE network and the NR network is essential in avoiding resource collision and mitigating the interference. The signaling IE on Xn+ should be studied by RAN3
Proposal 10: For a dual mode V2X UE in the coverage of the LTE and the NR network, the selection of the primary cell group (PCG) for the LTE-NR V2X dual connectivity shall be pre-configured by the operator.
Proposal 11: Carrier indication, RNTI or additional indicator could be used for the differentiation of resource allocation for LTE or NR sidelink transmission.  
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