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Introduction
In the RAN1 #98 meeting, mode 1 resource allocation was discussed and the following were agreed [1].
Agreements:
· For Mode-1, support both same-carrier & cross-carrier scheduling from gNB to NR SL
· Whether or not to have the cross-carrier scheduling indicator in the DCI given that there is only one SL carrier for a UE in Rel-16

Agreements:
· At least for dynamic grant, the timing and resource for PUCCH used for conveying SL HARQ feedback to the gNB are based on the indication(s) in the corresponding PDCCH
· Details FFS

Agreements:
· DCI indicates the slot offset between DCI reception and the first sidelink transmission scheduled by DCI.
· The minimum gap between DCI and the first scheduled sidelink transmission is not smaller than the corresponding UE processing time.
· Details FFS

In this contribution, we continue discussing how to perform NR Uu and LTE Uu to control NR SL. 
NR Uu to control NR sidelink 
For NR-V2X mode 1, both dynamic resource allocation and configured grant are supported. 
1.1 Dynamic resource allocation
For the dynamic resource allocation of sidelink in LTE-V2X, A specific DCI format (DCI format 5A) is defined to allocate resource for SL transmission. This mechanism can also be used in NR-V2X. While considering both Uu and SL have flexible frame structure design, some enhancements are needed in NR-V2X for mode 1 resource allocation scheme.
SL resource allocation
For mode 1 with dynamic resource allocation, it was agreed that the transmission resource of PSCCH and PSSCH was allocated by network [2]. It was also agreed that whether SL HARQ feedback is enabled was (pre-)configured. For dynamic SL resource allocation, the NW should have the flexibility to determine whether the SL HARQ feedback is enabled or not. The transmission resource of the PSFCH corresponding to the scheduled PSSCH is implicitly determined by the transmission resource of PSSCH. Furthermore, the network should indicate whether there is CSI-RS transmitted with the PSSCH.
Proposal 1: For dynamic resource allocation
· gNB should indicate whether the SL HARQ feedback is enabled or disabled
· A dynamic grant from gNB indicates whether there is CSI-RS transmitted within the scheduled PSSCH.
In LTE-V2X, the number of (re-)transmission is indicated in DCI to support flexible number of transmission of sidelink. Only 1 or 2 transmission can be indicated in LTE-V2X which is mainly used for broadcast communication. For NR-V2X, unicast, groupcast and broadcast communications should be supported. The reliable requirement is up to 99.999% for some use cases. The mechanism used in LTE-V2X can be enhanced in NR-V2X to support flexible scheduling. For example, for broadcast, the number of (re-)transmissions can be indicated in DCI which is similar as LTE-V2X. While the number of (re-)transmission can be larger, such as up to 4, to improve the reliability. For unicast with SL HARQ feedback enabled, if only 1 SL transmission resource allocated per DCI, the allocation of re-transmission resource is based on SL HARQ report to gNB which will cause larger latency. Considering higher latency requirement for NR-V2X services, we propose to support allocating multiple SL transmission resources by one DCI. TX UE can do re-transmission based on HARQ feedback from RX UE without requesting resource from gNB. The maximal number of transmission that is scheduled per DCI can be fixed. While the maximal number of transmission per TB can be left for implementation in case it can fulfill the latency requirement. For example, the maximal number of transmission per TB can be up to 8 for the service with higher reliability, while 4 for the service with lower reliability.
Proposal 2: For dynamic resource allocation, no matter whether SL feedback is enabled, it supports to allocate multiple SL transmission resources by one DCI in NR-V2X.
· The number of transmission resource allocated per DCI is flexible and indicated in DCI. 
· The maximal number of transmission resources that is allocated per DCI is fixed.
· The maximal number of transmission per TB is up to implementation.
For broadcast communication, all of the transmission resources indicated by one DCI are used for one TB, i.e., one resource for initial transmission and the rest of resources for retransmission of the same TB. 
For unicast communication, SL HARQ-ACK feedback can be enabled or disabled. If SL HARQ-ACK feedback is disabled, blind re-transmission is applied to the SL transmission. The transmission resources indicated in DCI are for one TB, which is same as broadcast communication. If SL HARQ-ACK feedback is enabled, we also propose that the transmission resources indicated in DCI are for one TB. 
Proposal 3: The SL transmission resources allocated by one DCI are used for one TB.
In NR-V2X mode 1, if SL HARQ feedback is enabled, TX UE needs to report SL HARQ feedback to network. It was agreed that the timing and resource of PUCCH which is used for reporting SL HARQ feedback to gNB was indicated by PDCCH. One remaining issue is how many PUCCH resources should be allocated by a PDCCH if multiple SL transmission resources are allocated by the PDCCH. 
There are two ways to allocate the resource for SL HARQ-ACK report from TX UE to network, which is shown in figure 1.
· Case 1: there is only one PUCCH resource for all SL transmission resources.
In this case, there is only one opportunity for TX UE to do SL HARQ-ACK report to network, this PUCCH resource should be positioned after the last SL transmission resource that is allocated by DCI. Even SL data is correctly received by RX UE using one transmission, the SL transmission resource cannot be released or reused by network since TX UE can only forward ACK to network after the last SL transmission resource. That will cause resource in-efficiency.
Pros.: less overhead of DCI signaling since only one PUCCH resource is allocated
Cons: SL resource in-efficiency
· Case 2: there is one PUCCH resource corresponding to each SL transmission resource.
There is one PUCCH resource corresponding to each SL transmission resource. For each SL transmission, TX UE receives ACK or NACK from RX UE. If NACK is received, TX UE does re-transmission based on allocated resource. If ACK is received, TX UE can forward ACK to network. The rest SL transmission resource that is not used can be re-used or re-allocated by network, which can improve the resource efficiency. 
Pros: SL resource efficiency.
Cons: large signaling overhead because of multiple PUCCH resources allocation.

Considering the latency and resource in-efficiency in case 1, we propose that multiple PUCCH resources allocated in DCI for TX UE reporting SL HARQ feedback. 


Figure 1
Proposal 4: 
· There is one PUCCH resource allocated for SL HARQ-ACK report corresponding to each SL transmission resource.
· If HARQ-ACK is received from TX UE, gNB can re-allocate the rest of SL transmission resources for other purpose.
Flexible scheduling of SL by NR Uu
It was agreed that the slot offset between DCI reception and the first sidelink transmission scheduled by the DCI was indicated by DCI. While considering that the SCS for the DL and SL can be different, which corresponds to different slot length. We propose that the slot offset is based on the SCS of NR SL. 
Proposal 5: The slot offset for NR Uu to schedule NR SL is based on the time unit corresponding to the SCS of NR SL. 
Scheduling request
In mode 1, UE needs to sends scheduling request to network when there is SL data available for transmission. If this procedure is based on SR/BSR, it needs four steps for network to allocate transmission resource for SL transmission.



Figure 2 SR/BSR procedure
One of the key requirement of NR-V2X is latency. For the above SR/BSR procedure, the latency is larger than 10ms in case of 15kHz SCS. How to reduce the latency of mode 1 scheduling needs to be studied.
In Rel-15 NR, configured grant was introduced for UL transmission. Network can configure type-1 or type-2 configured grant to UE. When UE has UL transmission, it can use the resource directly without sending SR/BSR procedure so that the latency of UL transmission can be reduced.
For NR-V2X mode 1, if UL configured grant transmission resource is configured by network to UE, UE can send scheduling request data to network directly, instead of sending SR/BSR to network. Some assistance information can be included in the scheduling request packet to assist gNB’s scheduling, such as the information which is included in BSR.
Observation 1: For NR-V2X mode 1, normal SR/BSR procedure will cause large delay
Proposal 6: UL configured grant can be used for sending scheduling request for SL transmission to network to reduce latency in mode 1 dynamic resource allocation. 
1.2 Configured grant
Contents of configured grant
It was agreed that both type 1 and type 2 configured grant are supported for NR SL. In NR Uu, type 1 configured grant is configured by RRC and type 2 configured grant is activated/deactivated by DCI. 
NR-V2X SL configured grant can follow the same mechanism of NR Uu configured grant. For NR-V2X SL configured grant, the transmission resource and transmission parameters can be configured by gNB. While the detailed signaling can be different considering the difference between NR Uu and NR-V2X SL. 
In LTE-V2X mode 3, a scheduling resource pool is configured and the transmission resource allocated by network to UE should be within the scheduling resource pool. This mechanism can be applied to NR-V2X. Some of the parameters can be determined by the scheduling resource pool configuration, such as the following parameters:
· sub-channel size of PSSCH
· period N of PSFCH
· The slot set which is associated to PSFCH within the same feedback slot
· PSCCH resource, such as # of OS
In addition to the parameters which can be configured by resource pool configuration, NR-V2X SL configured grant can include the following information.
· PSSCH related: 
· Time/frequency domain transmission resource
· For broadcast, or unicast/groupcast without SL feedback, transmission resource for both initial transmission and re-transmission are allocated by CG
· For unicast/groupcast with SL feedback, only resources for initial transmission are allocated by CG, resource for re-transmission is based on dynamic scheduling.
· # of re-transmissions per TB
· DMRS pattern
· MCS and TBS
· RV,
· MIMO scheme, such as 1 or 2 layers
· QoS parameter, such as priority. 
· PSFCH related:
· SL HARQ feedback enable/disable indicator
· Feedback method for groupcast: option 1 (NACK only) or option 2 (ACK/NACK)
· (FFS) TB or CBG based feedback
· CSI-RS related
· Whether there is CSI-RS within PSSCH
· (FFS) CSI-RS transmission resource
· PUCCH resource which is used for CG confirmation (only for type-2 CG)
· SL HARQ-ACK report resource:
· PUCCH resource that is used for SL HARQ-ACK report from TX UE

Proposal 7: SL configured grant can include transmission resource and transmission parameter of PSSCH, CSI-RS, SL feedback, SL HARQ-ACK reporting, resource for CG confirmation. 

Depending on whether SL HARQ feedback is enabled or not, there can be two types of configured grant:
· Type A: CG without SL HARQ feedback
This kind of CG can be used for broadcast or unicast/groupcast without SL HARQ feedback. In this case, blind re-transmission is applied. The configured grant should include the transmission resource for both initial transmission and retransmissions. Within each period, multiple transmission resources are allocated so that they can be used for initial transmission and re-transmissions of the same TB. Since there is no SL feedback report to gNB, PUCCH resource for SL report need not be configured. 
· Type B: CG with SL HARQ feedback
This kind of CG can be used for unicast/groupcast with SL HARQ feedback. In this case, whether to do re-transmission depends on the HARQ feedback from RX UE. Similar as type A CG, multiple transmission resources are allocated so that they can be used re-transmission if NACK is received from RX UE, without requesting resource for re-transmission. If all of transmission resources are used and RX UE cannot receive the data correctly, TX UE will send NACK to gNB so that gNB can allocate re-transmission resource by dynamic scheduling. Alternatively, type B CG can only include one transmission resource per period which is used for initial transmission only. All of the re-transmission resources are based on dynamic scheduling.

Proposal 8: 
· For SL transmission without SL HARQ feedback: Multiple transmission resources are allocated within each period that is used for both initial transmission and re-transmission of the same TB.
· For SL transmission with SL HARQ feedback: Transmission resource for re-transmission can be based on dynamic scheduling. 
Confirmation for activation/release of configured grant
For type-2 configured grant, the activation and release is based on DCI. Then one potential issue is whether UE needs to send confirmation of the DCI signaling to gNB. This issue is already discussed within URLLC topic of Rel-15 NR. In Rel-15 NR, configured grant confirmation is carried in MAC CE [4]. If this mechanism is applied to NR-V2X SL, UE needs to request UL transmission resource, such as based on SR/BSR procedure. That will cause additional latency. Another method is to send HARQ ACK/NACK for the DCI on PUCCH. The DCI for activation or release of SL configured grant can indicate the transmission resource of PUCCH. 
Proposal 9: 
· Confirmation of type-2 configuration grant activation or release signaling is supported in Rel-16 NR-V2X. 
· HARQ ACK/NACK on PUCCH is used for the confirmation
· Transmission resource for PUCCH is indicated in DCI.
Multiple configured grant
In Rel-15 NR Uu, only one UL configured grant can be configured and activated at the same time. Multiple UL configured grant is under discussing in eURLLC in Rel-16. For NR-V2X on Uu, it was agreed to support multiple active UL configured grant within a given BWP [5].
Agreements:
· For Uu for advanced V2X use cases, NR supports having multiple active UL configured grants in a given BWP in a given cell. 
· Details FFS

For NR-V2X SL, we propose to support multiple SL configured grant at the same time. 
Proposal 10: Configuration of multiple active SL configured grant is supported in NR-V2X.
For type-1 configured grant, the configuration is based on RRC (re-)configuration, which can support activation or release multiple configured grant at the same time. For type-2 configured grant, the activation or release is based on DCI. We propose that a DCI can active or release multiple configured grant. 
Proposal 11: It supports DCI based activation or release of multiple SL configured grant. 
1.3 Resource pool sharing between mode 1 and mode 2
Resource pool sharing between mode 3 and mode 4 was discussed in LTE-V2X. But less standard work was done because of time limitation. The benefit of resource pool sharing is to improve resource efficiency. This mechanism can also be applied in NR-V2X. While the benefit of separate resource pool for mode 1 and mode 2 is that the interference of mode 1 can be minimized so that the reliability performance can be improved. Considering the higher reliability requirement of NR-V2X, we think both shared resource pool and separate resource pool between mode 1 and mode 2 can be studied.
Proposal 12: Both shared and separate resource pool between mode 1 and mode 2 are supported in NR-V2X. 
If resource pool sharing between mode 1 and mode 2 is agreed, how to avoid transmission collision between mode 1 UE and mode 2 UE needs to be addressed. There are 2 aspects for this issue. 
· Case 1: how to avoid allocating the resource that is used/reserved by mode 2 UE to mode 1 UE
This issue was discuss in LTE-V2X and the mechanism of LTE-V2X can be used in NR-V2X. For example, mode 1 UE senses the available transmission resources within the resource pool and reports the resource set to gNB to assist gNB’s scheduling. 
· Case 2: how to avoid mode 2 UE to use the resource that is allocated to mode 1 UE.
gNB can allocate multiple transmission resource to mode 1 UE, such as by type-1 or type-2 configured grant. If these resources are used for period traffic, the mode 1 UE will reserve later resource so that it cannot be used by mode 2 UE. While if these resources are used for aperiodic traffic, mode 1 UE will not reserve the later resource. In that case, mode 2 UE will assume that the un-reserved resources are available during sensing procedure and will occupy these resource for transmission. Mode 1 UE will not do sensing for SL transmission when using the allocated resource. If the allocated resources are occupied by mode 2 UEs, that will cause transmission collision. 
To resolve this issue, we propose that mode 1 UE do reservation for later transmission resource no matter periodic or aperiodic traffic is transmitted. Furthermore, a mode indicator can be included in SCI so that other UE can know that the reserved resource is for mode 1 UE to avoid mode 2 UE using them. 
Proposal 13: For resource pool sharing between mode 1 and mode 2
· A candidate resource set is reported to gNB to assist gNB’s scheduling for mode 1 UE.
· Resource reservation indicator is included in SCI of mode 1 UE no matter whether periodic or aperiodic traffic is transmitted.
· Mode indicator is included in SCI 
LTE Uu to control NR sidelink 
LTE Uu to control NR sidelink were discussed in RAN1 AH #1901. The following agreements were achieved [6].
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
It was agreed that only type 1 configured grant was supported for LTE Uu to control NR SL. Both DCI based scheduling and type 2 configured grant were not supported. How the LTE Uu to implement type 1 configured grant to NR SL can based on the discussion of NR Uu to control NR SL. If NR Uu control NR SL of type 1 configured grant is ready, we can study whether the mechanism can be applied to LTE Uu to control NR SL.
Proposal 14: The study of LTE Uu to control NR SL of type 1 configured grant can be based on the study of NR Uu to control NR SL.
SL HARQ feedback is supported in NR-V2X. If NR SL is scheduled by LTE Uu, we propose to disable SL HARQ feedback to alleviate standardization effort.
Proposal 15: SL HARQ feedback is disabled in case of LTE Uu scheduling NR SL.
NR-V2X SL deployed on shared carrier
The following agreement was achieved in RAN1 #94bis [5].
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 

It was agreed that NR Uu can assign sidelink resource on both shared and dedicated sidelink carrier. For the shared carrier, the sidelink transmission shares the same carrier with Uu carrier. According to Rel-15 NR, the slot format of Uu is flexible and there are three possible symbol status per slot: DL, UL and flexible. The number of each symbol status is configurable. There are three ways to explicitly configure the slot formats: Cell-specific RRC configuration; UE-specific RRC configuration; dynamic SFI. To avoid the interference from out of coverage UEs to in coverage UEs, the slot format configuration should also be indicated in PSBCH, which is similar as TDD-configuration included in PSBCH in LTE-V2X. 
Proposal 16: The slot format configuration of network should be indicated in PSBCH in NR-V2X
Cell-specific RRC configured slot format is preferred to be indicated in PSBCH. For UE-specific RRC configured slot format, it is possible that different UE can be configured with different slot format so that it is hardly to be indicated in PSBCH. For dynamic SFI, the configured periodicity of SFI is several to tens of milliseconds which is relative small than the periodicity of PSBCH. If dynamic SFI configured slot format is included in PSBCH, the dynamic SFI cannot change the slot format within the periodicity of PSBCH. That will put much limitation for the network to flexibly change the slot format.
Proposal 17: Cell-specific slot format configuration is indicated in PSBCH. 
In shared carrier case of LTE-V2X, UL subframe can be used for sidelink transmission. Similarly in NR-V2X, we propose that UL symbol can be used for sidelink transmission. If flexible symbol can be used for SL transmission, the network should promise that the flexible symbols in cell-specific configuration cannot be used for DL transmission. Otherwise, there will be interference between DL and SL transmissions. If flexible symbol in cell-specific configuration cannot be used for SL transmission, the network can change the flexible symbol to either DL or UL by dynamic SFI, which can leave more flexibility for the network’s scheduling for Uu transmission.
Proposal 18: If NR-V2X SL is deployed on shared carrier, only UL symbol is used for SL transmission.
Conclusion
In this contribution, some aspects of NR Uu  and LTE Uu to control NR SL are discussed. The following proposals are given.
Proposal 1: For dynamic resource allocation
· gNB should indicate whether the SL HARQ feedback is enabled or disabled
· A dynamic grant from gNB indicates whether there is CSI-RS transmitted within the scheduled PSSCH.
Proposal 2: For dynamic resource allocation, no matter whether SL feedback is enabled, it supports to allocate multiple SL transmission resources by one DCI in NR-V2X.
· The number of transmission resource allocated per DCI is flexible and indicated in DCI. 
· The maximal number of transmission resources that is allocated per DCI is fixed.
· The maximal number of transmission per TB is up to implementation.
Proposal 3: The SL transmission resources allocated by one DCI are used for one TB.
Proposal 4: 
· There is one PUCCH resource allocated for SL HARQ-ACK report corresponding to each SL transmission resource.
· If HARQ-ACK is received from TX UE, gNB can re-allocate the rest of SL transmission resources for other purpose.
Proposal 5: The slot offset for NR Uu to schedule NR SL is based on the time unit corresponding to the SCS of NR SL. 
Observation 1: For NR-V2X mode 1, normal SR/BSR procedure will cause large delay
Proposal 6: UL configured grant can be used for sending scheduling request for SL transmission to network to reduce latency in mode 1 dynamic resource allocation. 
Proposal 7: SL configured grant can include transmission resource and transmission parameter of PSSCH, CSI-RS, SL feedback, SL HARQ-ACK reporting, resource for CG confirmation. 
Proposal 8: 
· For SL transmission without SL HARQ feedback: Multiple transmission resources are allocated within each period that is used for both initial transmission and re-transmission of the same TB.
· For SL transmission with SL HARQ feedback: Transmission resource for re-transmission can be based on dynamic scheduling. 
Proposal 9: 
· Confirmation of type-2 configuration grant activation or release signaling is supported in Rel-16 NR-V2X. 
· HARQ ACK/NACK on PUCCH is used for the confirmation
· Transmission resource for PUCCH is indicated in DCI.
Proposal 10: Configuration of multiple active SL configured grant is supported in NR-V2X.
Proposal 11: It supports DCI based activation or release of multiple SL configured grant. 
Proposal 12: Both shared and separate resource pool between mode 1 and mode 2 are supported in NR-V2X. 
Proposal 13: For resource pool sharing between mode 1 and mode 2
· A candidate resource set is reported to gNB to assist gNB’s scheduling for mode 1 UE.
· Resource reservation indicator is included in SCI of mode 1 UE no matter whether periodic or aperiodic traffic is transmitted.
· Mode indicator is included in SCI 
Proposal 14: The study of LTE Uu to control NR SL of type 1 configured grant can be based on the study of NR Uu to control NR SL.
Proposal 15: SL HARQ feedback is disabled in case of LTE Uu scheduling NR SL.
Proposal 16: The slot format configuration of network should be indicated in PSBCH in NR-V2X
Proposal 17: Cell-specific slot format configuration is indicated in PSBCH. 
Proposal 18: If NR-V2X SL is deployed on shared carrier, only UL symbol is used for SL transmission.
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