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Introduction
In this contribution, we present our views on low-latency Uu-based sidelink resource allocation and configuration. Pertinent agreements made on Uu-based sidelink resource allocation and configuration so far are summarized in Annex.
Latency in Mode 1 Dynamic Resource Allocation
In LTE V2X, the procedure for dynamic resource allocation in Mode 3 is shown in Figure 1:
· Step 1: New sidelink packet arrives to Vehicle 1;
· Step 2: The Vehicle 1 sends SR (scheduling request) to the BS to request uplink resource assignment.
· Step 3: The BS sends a DCI format to schedule PUSCH transmission for Vehicle 1.
· Step 4: After receiving the DCI, the Vehicle 1 transmits sidelink BSR in PUSCH to the BS
· Step 5: After receiving the sidelink BSR, the BS sends downlink command (in LTE, it is DCI format 5A, in NR, a new DCI format can be defined) to assign the sidelink resource for PSCCH/PSSCH transmission to Vehicle 1.
· Step 6: the Vehicle 1 can transmit PSCCH/PSSCH in the allocated resource.
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Figure 1: procedure of dynamic resource allocation in LTE V2X
The latency caused by V2X physical layer in the above procedure is the time latency from step 1 to step 6. If the same procedure is applied to NR V2X, the latency in mode 1 would be too large to meet the tight latency requirement in V2X advanced service. The analysis of latency is shown in Figure 2. The latency for PUSCH used for BSR reporting is . Let us assume minimum PUCCH SR periodicity of 2 symbols is used here, which means the average latency to next SR is 1 symbol and UE processing time (PDCCH to PUSCH) is 5 symbols for 15KHz and 11 symbols for 60KHz. Then as discussed in [3], in 15KHz TDD system, the average latency for a grant based PUSCH is > 1.41ms and in 15KHz FDD system, the average latency for a grant based PUSCH is > 1.2 ms. The latency in 60KHz system is smaller. In 60KHz TDD system, the average latency for a grant based PUSCH is 0.7 ms and in 60KHz FDD system, the average latency for a grant based PUSCH is > 0.64ms. 
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Figure 2: delay analysis
BSR is higher layer message that requires higher processing time. Generally, the processing time for a MAC-CE message can be >= 3 slots, which would be 3 ms in 15KHz system and 0.75 ms in 60KHz.  is the delay between managing DCI and the transmission of scheduled PSCCH and PSSCH. It shall be able to accommodate the slot alignment between Uu and PC5 and also the UE processing capability. Generally, it would be > 1 slot. To summarize, the minimum latency in physical layer for 15Hz system would be > 4.41ms and the minimum latency caused by physical layer in 60KHz system would be > 1.7ms.
The Max end-to-end latency of advanced V2X services can be 3ms. According to [4], some services in advanced driving and extended sensor requires the end-to-end latency to be <= 3ms. The resource allocation method used in LTE mode 3 has difficulty to support such low latency in NR system. New resource allocation mechanism is needed for NR mode 1.
Observation 1: resource allocation method in LTE V2X might not meet the stringent latency requirement in NR V2X.
Low-Latency Resource Allocation for Mode 1
The major reason for large latency in resource allocation of LTE mode 3 is the sidelink resource request is higher layer message and thus more signalling iterations are used and the processing delay is increased. To minimize the latency, physical layer signalling shall be used. Two methods are going to be discussed in this section. 
1 
2 
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One method is the UE can use a physical layer sidelink SR (scheduling request) to request resource allocation for PSCCH/PSSCH. For low latency, the sidelink SR signalling can be transmitted in PUCCH. A procedure of sidelink SR-based method is shown in Figure 3. As shown in Figure 3, when a new sidelink packet arrives, the vehicle UE can use the next sidelink SR chance to send request to the BS. After receiving the sidelink SR, the BS can respond by sending one DCI format allocating sidelink resource and scheduling PSSCH/PSCCH to the UE. Then the UE can transmit in the allocated sidelink resources. Compared to the method in LTE V2X mode 3, the latency components  and  are removed in the SR-based method.  
The sidelink SR can be reported through PUCCH or PUSCH. To reduce the overhead and increase the reliability of sidelink SR, the UE can only report a few bits in sidelink SR and each bit value can represent the size of sidelink resource the UE requests. The mapping association between bit value in sidelink SR and size of sidelink resource can be configured by higher layer parameters.
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Figure 3: SR-based sidelink resource allocation
Another method is to use RACH channel to request sidelink resource. To minimize the delay of signalling, 2 step RACH can be used. The UE sends request of sidelink resource in msg1 and in msg2, the BS sends DCI format allocating and scheduling sidelink transmission. A procedure of RACH-based method is shown in Figure 4. As shown in Figure 3, when a new sidelink packet arrives, the vehicle UE sends msg1 to request sidelink resource to the BS. The msg1 can deliver the size of sidelink resource that the UE requests. After receiving the msg1, the BS can respond by sending one DCI format allocating sidelink resource and scheduling PSSCH/PSCCH in msg2 to the UE. Then the UE can transmit in the allocated sidelink resources. Similarly to the sidelink SR-based method, the latency components  and  are removed here.  
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Figure 4: RACH-based sidelink resource allocation
The information of sidelink resource size shall be delivered in msg1. One example design is msg1 has one RACH preamble and one payload with few bits. The value of bits in the msg1 payload can represent the size of sidelink resource requested by the UE. Another example design is the UE is configured with multiple RACH preambles and each preamble can represent one size of sidelink resource. The UE can transmit the preamble sequence in msg1 based on the requested size.
Proposal 1: NR supports using L1-signaling for sidelink resource request in mode 1, e.g., sidelink SR-based method, 2-step RACH-based method.
Conclusions
In this contribution, we presented our views on sidelink resource allocation in NR mode 1. Based on the discussion, the following proposals are provided:
Observation 1: resource allocation method in LTE V2X might not meet the stringent latency requirement in NR V2X.
Proposal 1: NR supports using L1-signaling for sidelink resource request in mode 1, e.g., sidelink SR-based method, 2-step RACH-based method.
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Annex: Key Agreements on Uu-based resource allcation
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

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. 
 
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 

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
Agreements:
· When NR Uu schedules NR SL mode 1, both type 1 and type 2 configured grants are supported for NR SL 
Agreements:
· 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
· Both DCI based scheduling and type 2 configured grant scheduling are not supported for scheduling NR sidelink mode 1
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