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Introduction
In RAN plenary #83, a NR V2X WID [1] was approved with the following objectives regarding resource allocation:
· Resource allocation [RAN1, RAN2]
· Mode 1
· NR sidelink scheduling by NR Uu and LTE Uu as per the study outcome
· Mode 2
· Sensing and resource selection procedures based on sidelink pre-configuration and configuration by NR Uu and LTE Uu as per the study outcome
· Support for simultaneous configuration of Mode 1 and Mode 2 for a UE
· Transmitter UE operation in this configuration is to be discussed after the design of mode 1 only and mode 2 only.
· Receiver UE can receive the transmissions without knowing the resource allocation mode used by the transmitter UE. 
· UE relaying resource pool configuration or resource configuration is not supported in this work in Rel-16.
According to the WID, gNB scheduled mode 1 sidelink resource schemes should be studied in details.  Some analyses and proposals of mode 1 SPS sidelink resource allocation and dynamic scheduling resource schemes are presented in this contribution.
Mode 1 resource allocation 
NR Uu mode 1 scheduling 
In legacy sidelink, eNB can active/release SPS sidelink resources or dynamically schedule resources for Tx UE via DCI format 5A.  For NR sidelink, both SPS and dynamical scheduling should also be supported.
To assign SPS resources, NR Uu provides two types of resource configuration, i.e. configured grant Type 1 and Type 2. Both of them are preliminarily supported for sidelink mode 1 scheduling [2]. 
Configured grant type 1 on NR Uu is used to indicate a set of SPS resources which may be shared by multiple UEs and needs no DCI assistant.  It means the SPS resources assigned through type 1 signalling cannot be activated or released timely.  On the other hand, configured grant type 2 scheme is more closer to the legacy SPS scheduling which using DCI to trigger SPS resource activity or release.  From the basic requirement of sidelink SPS resource allocation, gNB should schedule a dedicated SPS resource according to Tx UE’s request and release the resource when Tx UE no longer has data to be transmitted.  Therefore, it is more suitable for gNB to manage sidelink SPS resource using configured grant type 2 scheme.  It also provides higher flexibility and efficiency in SPS resource scheduling in mode 1.
Observation 1:  [bookmark: _Ref3804]Using NR configured type 2 resource indication scheme is sufficient to assign sidelink SPS resources.
Proposal 1: [bookmark: _Ref15871][bookmark: _Ref3248]Configured grant type 1 for sidelink SPS resource scheduling needs FFS.
To indicate dynamic sidelink resources scheduling, gNB should assign PSCCH and PSSCH to Tx UE via DCI.  Firstly, a new DCI format for sidelink resource allocation should be designed and then a SL-RNTI should be assigned for Tx UE in order to identify the sidelink resource allocation DCI.  
Depending on Tx UE’s service requirement, gNB may indicate sidelink resources for UE to carry on its broadcast/ unicast/ groupcast data.  For the sake of simplifying the sidelink DCI detection process, it is better to design a uniform DCI format for all the cases.  In other words, all the necessary indicators for sidelink resource allocation should be included in the new DCI format for sidelink.
In legacy sidelink, multiple resource pools may be configured to a UE but only one resource pool can be used at the same time.  In NR sidelink, multiple resource pools can be configured within SL BWP.  There is a common trend to configure resource pools for different service types which may lead to more than one resource pools used by a UE simultaneously.  For this case, an indicator should be included in the sidelink DCI format to identify which resource pool the assigned resource belongs to. 
Proposal 2: [bookmark: _Ref3255] A SL-RNTI should be assigned for Tx UE in mode 1.
Proposal 3: [bookmark: _Ref3262][bookmark: _Ref4624][bookmark: _Ref3268] A new DCI format should be defined to indicate sidelink resource allocation which includes PSCCH and PSSCH resource allocation.  
Proposal 4: [bookmark: _Ref4725]  If multiple resource pools are available for a UE, a resource pool indicator should be indicated in DCI.
LTE Uu scheduling NR sidelink 
As described in [1], LTE Uu based NR sidelink resource scheduling is supported and prior consensus achieved includes the following aspects: 
· Configured grant type 1 scheme should be used to assign time/frequency resources and periodicity
· Dynamic scheduling by DCI is not supported 
· No additional impact on LTE Uu 
From the perspective of eNB, only 15kHz SCS is logical to arrange wireless resources.  Although several SCSs are available for NR sidelink, significant implementation changes are need on the eNB to assign NR sidelink resources with different numerologies except 15kHz.  
Proposal 5: [bookmark: _Ref4735] For LTE Uu scheduling NR sidelink,  only 15kHz SCS is supported. 
Another issue needs to be discussed is whether NR sidelink unicast/groupcast can be scheduled by eNB.  According to the requirement of NR sidelink groupcast and unicast, HARQ feedback is supported and retransmission can be implemented based on the feedback.  When NACK is received, Tx UE should use the retransmission resource assigned by gNB to perform data retransmitting.  But a retransmission resource should be indicated through DCI in configured grant type 1 scheme and eNB cannot send DCI to schedule NR sidelink resources.  In other words, eNB cannot schedule retransmission resources for NR sidelink groupcast/unicast communication using configured grant type 1 scheme.  Therefore we propose that:
Proposal 6: [bookmark: _Ref4745] For LTE Uu scheduling NR sidelink, unicast/groupcast is not supported.
[bookmark: _Ref28108]Resource indication in SCI 
According to the scheduling from gNB by high layer signal or DCI, Tx UE should use the assigned PSCCH/PSSCH resources to perform sidelink transmission.  Then Tx UE sends SCI on assigned PSCCH to inform receiving UE(s) about the PSSCH and potential reserved resources.   In this section, the resource indicators which should be included in SCI is analyzed.  At the meanwhile, the same SCI should also be used for mode 2 to indicate the resources selected by Tx UE.
Indication for current slot PSSCH
On sidelink, Tx UE should indicate its PSSCH resources in SCI.  For the PSSCH aligned with the PSCCH in the same slot, the number and position of the symbols used for PSSCH needs no explicit indication which can be inferred according to sidelink resource pool and PSCCH resource configuration.  
In frequency domain, a reasonable assumption is that a PSCCH and the associated PSSCH should use the same starting RB, as proposed in [3].  With this assumption, PSSCH resources can be identified via only a number of sub-channels indicator.  In time domain, the symbols of PSSCH should be the available symbols assigned for sidelink in current slot while PSCCH and PSSCH multiplexing option 3 is used.  Obviously, the actual PSSCH resource should exclude the resources occupied as PSCCH/PSFCH/GAP, etc, which should be known according to (pre-) configuration of sidelink resources.
Proposal 7: [bookmark: _Ref2951] For current slot PSSCH resources, only the number of sub-channels used as PSSCH needs to be indicated in SCI. 
Resource reservation for subsequent data packet
Besides indicating the PSSCH resource in current slot, resource reservation information for subsequent data packets should also be indicated in SCI.  
For SPS services, the service period can be used to predict a potential transmission for next data packet and it should be indicated in SCI to reserve resources for following transmission.
For one-shot services, when there is only one TB to be transmitted, no resource needs to be reserved.  In the case that several data packets may arrive later, a certain transmission interval between the TBs may be inferred according to the service.  Another case is when a large data packet arrives, UE needs to divide it into several packets.  For the cases, the transmission interval should be indicated in SCI to reserve resource for subsequent transmission.  
Proposal 8: [bookmark: _Ref3216] Resources reservation for subsequent data packet transmission should be indicated in SCI,  e.g service period for SPS service, transmission interval for other cases.
Resource reservation for retransmission
As blind retransmission is supported on NR sidelink, in order to reserve retransmission resources and avoid collision, the reservation information should be indicated in SCI.  Firstly, the slot interval between this SCI and the indicated retransmission should be informed.  Furthermore, if frequency hopping between initial transmission and retransmission can provide significant performance improvement, the sub-channel(s) for retransmission should be indicated in SCI.  
Proposal 9: [bookmark: _Ref4291] Slot interval between a SCI and the related retransmission should be indicated. 
Although blind retransmission scheme reserves resources without feedback, considering the diverse service types, path conditions, scenarios and requirements of sidelink communication, etc, a flexible number of retransmission for a data packet should be supported.  
For both mode 1 and mode 2 resource schemes, the number of retransmission of a data packet can be determined by gNB or Tx UE.  A configurable retransmission number may improve sidelink resource efficiency.  
Proposal 10: [bookmark: _Ref4297] Flexible number of retransmission is supported in NR sidelink. 
When the retransmission is based on feedback, i.e. Tx UE determines whether to retransmit the data packet according to feedback from Rx UE(s), two options of retransmission resource scheme can be considered:
· Option 1:  no retransmission resource reservation;
· Option 2:  reserve resource for potential retransmission;
[bookmark: _GoBack]Option 1 means that no retransmission resource is reserved in advance.  After NACK is received from Rx UE(s), Tx UE begins to prepare the retransmission resource, e.g. try to request retransmission resource from gNB in mode 1 or select a retransmission resources in mode 2.  Obviously, option 1 leads to more latency for retransmission while no extra resource waste.
For option 2, the condition is opposed to option 1.  As retransmission resource is reserved and indicated in SCI in advance, retransmission can be implemented immediately when NACK is received.  On the other hand, if data packet is successfully received, the reserved resource will be vacant. 
Proposal 11: [bookmark: _Ref4301] For feedback based retransmission, it needs to be discussed whether retransmission resource should be reserved before receiving feedback.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Conclusion
This paper discusses issues of mode 1 sidelink resource allocation and resource indications in SCI, concluded with the following proposals:
Observation 1:  Using NR configured type 2 resource indication scheme is sufficient to assign sidelink SPS resources.
Proposal 1:   Configured grant type 1 for sidelink SPS resource scheduling needs FFS.
Proposal 2:   A SL-RNTI should be assigned for Tx UE in mode 1.
Proposal 3:   A new DCI format should be defined to indicate sidelink resource allocation which includes PSCCH and PSSCH resource allocation.  
Proposal 4:    If multiple resource pools are available for a UE, a resource pool indicator should be indicated in DCI.
Proposal 5:   For LTE Uu scheduling NR sidelink,  only 15kHz SCS is supported.
Proposal 6:   For LTE Uu scheduling NR sidelink, unicast/groupcast is not supported.
Proposal 7:   For current slot PSSCH resources, only the number of sub-channels used as PSSCH needs to be indicated in SCI. 
Proposal 8:   Resources reservation for subsequent data packet transmission should be indicated in SCI,  e.g service period for SPS service, transmission interval for other cases.
Proposal 9:   Slot interval between a SCI and the related retransmission should be indicated. 
Proposal 10:   Flexible number of retransmission is supported in NR sidelink. 
Proposal 11:   For feedback based retransmission, it needs to be discussed whether retransmission resource should be reserved before receiving feedback.
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