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Introduction
In 3GPP TSG RAN meeting #83, the WI [1] on 3GPP NR V2X was endorsed including the following objective to specify mode 1 resource allocation:
	· Resource allocation [RAN1, RAN2]
· Mode 1
· NR sidelink scheduling by NR Uu and LTE Uu as per the study outcome


In this contribution, we present our views on various aspects of NR V2X Mode 1 resource allocation, including the designs on dynamic allocation, Type 1 and Type 2 configured grants. Pertinent agreements made on so far are summarized in Annex.
Dynamic resource allocation
In Mode 1 dynamic allocation, the BS can use one DCI format to indicate the resource allocation for sidelink transmission. In NR V2X, sidelink physical channel PSCCH, PSSCH and PSFCH are supported. The BS can indicate the resource allocation for PSCCH/PSSCH transmission and the resource allocation for PSFCH at least for sidelink HARQ feedback. In Mode 1, the resource for PSFCH can be configured/indicated flexibly by the BS to support flexible Uu and sidelink resource multiplexing in shared carrier scenarios. 
Proposal 1: For dynamic resource allocation in Mode 1, a DCI format is defined to carry the resource allocation for PSCCH, PSSCH and PSFCH. 
Besides allocating sidelink resource for PSSCH/PSCCH/PSFCH, the gNB can also control the transmission configuration of PSSCH. The gNB shall be able to control and allocate DM-RS port(s) for a PSSCH transmission, which can be used to support spatial multiplexing between different multiple simultaneous sidelink transmission to increase the sidelink system throughput. An example is shown in Figure 1. The gNB allocates resource for PSSCH#1 and PSCCH #1 to Vehicle 1 for the transmission to Vehicle 2. The gNB allocates resource for PSSCH#2 and PSCCH #2 to Vehicle 3 for the transmission to Vehicle 4. The gNB can allocate orthogonal DMRS ports to these two PSSCH transmissions: DMRS port #0 to PSSCH #1 and DMRS port#1 to PSSCH#2. The gNB can allocate same sidelink resource or overlapped resource to PSSCH #1 and #2. The Vehicle 2 can use DMRS port#1 to estimate the potential interference from transmission of PSSCH #2 and then cancel it in decoding PSSCH#1. On the other hand, the Vehicle 4 can use DMRS port #0 to estimate the interference from transmission of PSSCH#1 and then cancel it in decoding PSSCH#2. The technical merit of this example is the sidelink transmission efficiency is doubled because we allocate PSSCH #1 and #2 on the same sidelink resource.
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Figure 1: sidelink resource and transmission parameter in Mode 1
Proposal 2: In NR V2X Mode 1, the network shall be able to control some transmission parameters of PSSCH/PSCCH/PSFCH, including the PSSCH DMRS ports, in addition to the resource allocation. 
In LTE Mode 3, each DCI format 5A can only allocate sidelink resource for one PSSCH/PSCCH transmission (including repetition). In NR V2X, the packets in advanced services can be bursty with varied packet sizes. If the aperiodic packet is too large, it would need more than one PSSCH/PSCCH transmission to complete the transmission of the packet. Therefore, using one DCI format to allocate resource for multiple PSCCH/PSSCH transmissions is necessary for such big packets. The BS can use a single DCI format to allocate sidelink resource in multiple sidelink slots that can provide multiple transmission chances for PSSCH/PSCCH. The DCI format shall allocate PSFCH resources for the UE to report HARQ ACK/NACK for each of those PSSCHs. The technical merit is reduced overhead control signalling and scheduling latency for large sidelink packets.
Proposal 3: In NR V2X Mode 1 dynamic resource allocation, one DCI format can allocate sidelink resource for multiple PSCCH/PSSCH/PSFCH transmissions. 
Low-latency sidelink Resource allocation
In LTE V2X, the procedure for dynamic resource allocation in Mode 3 is shown in Figure 2:
· Step 1: New sidelink packet arrives to Vehicle 1;
· Step 2: 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 resource for BSR reporting for Vehicle 1.
· Step 4: After receiving the DCI, 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: Vehicle 1 can transmit PSCCH/PSSCH in the allocated resource.
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Figure 2: procedure of dynamic resource allocation in LTE V2X Mode 3
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 services. The analysis of latency is shown in Figure 3. 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 [2], 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 3: 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 maximum end-to-end latency of advanced V2X services can be 3ms. According to [3], some services in advanced driving and extended sensor require 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.
The major reason for large latency in resource allocation of LTE Mode 3 is that 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 
3 
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 4. As shown in Figure 4, 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 4: 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 5. As shown in Figure 5, 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 5: 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 4: NR supports using L1-signaling-based sidelink resource request in Mode 1, e.g., sidelink SR-based method, 2-step RACH-based method.
Type 1 and Type 2 configured grant
We have reached the agreement to support both Type 1 and Type 2 configured grant for sidelink transmission in NR V2X mode 1.
For Type 1 sidelink configured grant, the serving BS uses higher layer signalling to configure sidelink transmission to one UE. The serving BS shall configure the time domain and frequency domain resource allocation for PSSCH and PSCCH transmission, the time domain and frequency domain resource allocation for PSFCH used for sidelink HARQ ACK/NACK feedback and some PSSCH transmission parameters, for example, highest MCS level, PSSCH DM-RS configurations and configuration for HARQ transmission, etc. Once the UE receives configuration for a Type 1 sidelink configured grant, the UE can start to use the configured resource for sidelink transmission when the UE has sidelink packet arriving. One UE can be configured with multiple active Type 1 configured grants and each configured grant is associated with different service or packet QoS requirement. For example, one Type 1 configured grant is associated with ultra low-latency packet and the UE is requested to only use that configured grant to transmit packet with ultra low-latency requirement. For example, the BS can use Type 1 configured grant to configured resource dedicated for low-latency services and configure that same grant to multiple UEs. When one UE has packet with low-latency requirement, the UE can use the closest available sidelink resource to transmit that packet. When the UE does not have packet with low-latency requirement, the UE shall not use the resource configured by Type 1 sidelink grant so that other UEs can use it.
Proposal 5: In NR V2X Mode 1, Type 1 sidelink grant supports multiple active grants and each Type 1 configured grant is associated with a service QoS level.
For Type 2 sidelink configured grant, the serving BS first uses higher layer signalling to configure parts of the parameters of sidelink resource and transmission semi-statically and then the serving BS uses one DC format to activate/deactivate the configured grant. For a Type 2 sidelink configured grant, it is preferred to signal some of the transmission parameters in the DCI format used to activate the configured grant. The merit for that is increasing the flexibility and reducing signalling latency. If all the parameters are configured through RRC signalling, the consequences are:
· Large latency: we need RRC configuration and reconfiguration when we need change any transmission parameters for configured sidelink grant.
· Excessive configuration signalling overhead: the BS would have to exhaustively configure all the possible necessary configured grant to potential use case to relax the latency issue, which is the first consequence. 
Therefore, we suggest to signal some transmission parameter in the DCI format activating Type 2 configured grant to improve the flexibility. Thus the update/change in the configured grant can be completed with low-latency physical layer signalling. For Type 2, we do not see the motivation for supporting multiple active grants since Type 1 can support multiple active grant and the major use case of Type 2 is we can adapt the grant configuration quickly according to real-time sidelink traffic variation. 
Proposal 6: In NR V2X Mode 1, support the Type 2 sidelink grant as follows:
· Support single active grant. 
· RRC is used to configure part of the parameters
· DCI is used to configure the rest of parameters and activate/deactivate the grant.
Sidelink resource in shared carrier
We have agreed that NR Uu can assign NR sidelink resources in either shared licensed carrier between Uu and NR sidelink or dedicated NR sidelink carrier. When sidelink resource is assigned in shared carrier, we need determine which part of the resource can be used for sidelink.
In LTE, sidelink resource is assigned in UL carrier in FDD system and UL subframes in a TDD system. The reason for not choosing DL resource is in FDD system the DL carrier might be not allowed for UE transmission. Another reason is the interference from sidelink to DL transmission is not controllable. The same principle is applicable to sidelink in NR V2X. Flexible slot structure is supported in NR and each slot can be divided into D, X and U symbols, including some or all of those three. Following the principle used in LTE, D symbols are not used for sidelink and U symbols can be used for sidelink. The issue here is about X symbols. In NR, X symbols can be used for either direction flexibly. Using X symbol for sidelink may result in NR DL and NR sidelink transmission on the same symbols, which causes co-existence issue. However, it can be resolved by gNB implementation and the gNB can avoid the collision of DL transmission and sidelink transmission. Therefore, it is feasible to assign X symbols as sidelink resource. On the other hand, allowing sidelink resource on X symbols would increase the flexibility of sidelink resource configuration. 
One more problem is whether the sidelink resource allocation is slot-based or symbol-based. If it is slot based, a slot can be a candidate for sidelink transmission if all symbols in the slot satisfy the condition. For a symbol based allocation, the partial slot containing ‘X’ and/or ‘U’ can be used for sidelink transmission. If the number of ‘X’ and/or ‘U’ is too small, it needs further study if sidelink transmission is allowed. 
Proposal 7: In shared carriers, at least UL symbol can be used for sidelink transmission.
Conclusions
In this contribution, we presented our views on resource allocation in NR V2X Mode 1. Based on the discussion, the following observation and proposals are provided:
Observation 1: Resource allocation method in LTE V2X might not meet the stringent latency requirement in NR V2X.
Proposal 1: For dynamic resource allocation in Mode 1, a DCI format is defined to carry the resource allocation for PSCCH, PSSCH and PSFCH. 
Proposal 2: In NR V2X Mode 1, the network shall be able to control some transmission parameters of PSSCH/PSCCH/PSFCH, including the PSSCH DMRS ports, in addition to the resource allocation. 
Proposal 3: In NR V2X Mode 1 dynamic resource allocation, one DCI format can allocate sidelink resource for multiple PSCCH/PSSCH/PSFCH transmissions. 
Proposal 4: NR supports using L1-signaling-based sidelink resource request in Mode 1, e.g., sidelink SR-based method, 2-step RACH-based method.
Proposal 5: In NR V2X Mode 1, Type 1 sidelink grant supports multiple active grants and each Type 1 configured grant is associated with a service QoS level.
Proposal 6: In NR V2X Mode 1, support the Type 2 sidelink grant as follows:
· Support single active grant. 
· RRC is used to configure part of the parameters
· DCI is used to configure the rest of parameters and activate/deactivate the grant.
Proposal 7: In shared carriers, at least UL symbol can be used for sidelink transmission.
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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:
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:
· When NR Uu schedules NR SL mode 1, both type 1 and type 2 configured grants are supported for NR SL 
Agreements:
· A dynamic grant provides resources for one or multiple sidelink transmissions of a single TB.
· A configured grant (type-1, type-2) provides a set of resources in a periodic manner for multiple sidelink transmissions.
· UE decides which TB to transmit in each of the occasions indicated by a given configured grant.
· FFS: whether different transmissions of a TB can take place across multiple configured grants.
· Other restrictions on what can be transmitted in a given configured grant (e.g., based on QoS, destination UE, etc.) are up to RAN2.
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