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Introduction
In 3GPP TSG RAN meeting #85, 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


This contribution provides views on various aspects of NR V2X Mode 1 resource allocation, including general aspects of Mode 1 resource allocation, report of SL HARQ-ACK from Tx UE to gNB, design of dynamic grant and configured grant.

Resources scheduled in SL grant
Regarding the sidelink resources scheduled by SL grants, the following agreement was made in RAN1#97:
Agreement:
· For mode 1:
· A dynamic grant by the gNB provides resources for transmission of PSCCH and PSSCH.
It was also agreed in RAN1#97 that at least for PSFCH is response to a single PSSCH, i.e. no HARQ-ACK bundling/multiplexing, implicit mechanism is used to determine at least frequency and/or code domain resource of PSFCH within a configured resource pool. Even if support of HARQ-ACK multiplexing or bundling is introduced, the implicit mechanism is still beneficial to reduce system complexity and overhead. Therefore, for HARQ-based SL transmission, it is unnecessary to provide resources for transmission of PSFCH in dynamic grant or Type-1/2 configured grant. 
In addition, considering the potential coexist of Mode 1 and Mode 2 transmissions in same resource pool, flexible scheduling of PSFCH resource might increase collision and impact system performance. A unified mapping rule between PSCCH/PSSCH and PSFCH should be used to keep system consistency. Therefore, for both dynamic grant and Type-1 and Type-2 configured grants, no explicit indication of PSFCH resource should be provided.
Proposal 1: No explicit indication of PSFCH resource is included in dynamic grant and configured grant.

Dynamic grant
Regarding dynamic grant, the following agreement was made in RAN1#96bis:
Agreements:
· A dynamic grant provides resources for one or multiple sidelink transmissions of a single TB.
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 multiple resources for PSCCH/PSSCH transmissions of multiple TBs is necessary for large aperiodic packets. For HARQ-based transmission, the DCI format shall allocate PSFCH resources for the UE to report HARQ ACK/NACK for each of those PSSCHs in an implicit manner e.g. based on fixed PSSCH-PSFCH mapping rule. The technical merit is to reduce control signalling overhead and scheduling latency for large sidelink packets.
Observation 1: In NR V2X Mode 1 dynamic resource allocation, one DCI format scheduling sidelink resource for PSCCH/PSSCH (re-)transmissions of multiple TBs is beneficial to at least aperiodic packets with large size.
The utilization of scheduled multiple resources needs to be further discussed for blind retransmission and HARQ-based transmission separately. 
· For blind retransmission, the scheduled multiple resources can be naturally utilized by the initial transmission and the subsequent blind retransmissions. For example, if the maximum number of blind retransmission is configured as K, one DCI format can allocate K PSCCH/PSSCH resources corresponding to the up to K blind retransmissions of a single TB. 
In addition, scheduling multiple of K resources in single DCI format can be additionally supported. The multiple of K resources can be utilized for the initial and retransmissions of multiple TBs. Sidelink traffic with large packets can benefit from resource scheduling of multiple TBs in single dynamic grant. 
· For HARQ-based transmission, since the occurrence of retransmission is uncertain at the time of resource scheduling, there may exist the following options for utilization of scheduled multiple resources in one dynamic grant:
· Option 1: The scheduled multiple resources are used for the initial transmission and potential retransmission(s) of a single TB. If ACK is received no further retransmission is needed, and there still remains resources scheduled in the dynamic grant but not used by SL transmission, it needs to further discuss whether resource release mechanism needs to be introduced.
· Option 2: The scheduled multiple resources are used for the initial transmission of multiple TBs. If NACK is received after initial transmission of a TB, Tx UE sends HARQ-ACK to gNB to trigger resource allocation for retransmission. A new dynamic grant will be scheduled by gNB for the potential retransmission(s).
· Option 3: The scheduled multiple resources are used at least for initial transmission and all potential retransmission(s) of a single TB, and can be further used for initial/retransmission of another TB(s), if there still remains resources scheduled in the dynamic grant but not used by SL transmission of the single TB.
The utilization of multiple scheduled resources in a single dynamic grant for HARQ-based transmission is an important aspect and might be related with the design of resource reservation in SCI and in Mode 2. The feasibility and complexity of each option need to be discussed, and which one or more options can be supported should be decided with high priority.
Therefore, based upon above, the following is proposed:
Proposal 2: For blind retransmission in Mode 1, support one dynamic grant providing resources for sidelink initial transmission and blind retransmissions for multiple TBs.
Proposal 3: For HARQ-based transmission in Mode 1, the following issues should be discussed further:
· Whether to support one dynamic grant providing resources for sidelink initial transmission and potential retransmissions of a single TB
· Whether to support one dynamic grant providing resources for sidelink transmissions of multiple TBs
It was agreed HARQ feedback can be can enabled/disabled by higher layer (pre-)configuration for both unicast and groupcast. In addition, support of dynamic enabling/disabling of HARQ feedback per PSSCH transmission can be further discussed. Dynamic enabling/disabling of HARQ feedback for each PSSCH transmission can be used to adjust the HARQ transmission based on packet type and QoS requirement. For example, for a packet with low latency, the transmitter UE can decide to disable HARQ feedback and use blind retransmission. 
If dynamic enabling/disabling of HARQ is supported for both Mode 2 and Mode 1, gNB control of HARQ enabling/disabling should also be taken into consideration. At least for dynamic grant, indication of enabling/disabling HARQ feedback for Mode 1 transmission can be supported.
Proposal 4: Dynamic enabling/disabling of HARQ feedback for Mode 1 transmission is indicated in at least dynamic grant.

Configured grant
Regarding configured grant, the following agreement was made in RAN1#97:
Agreement:
· NR sidelink does not support performing different transmissions of a TB using different configured grants.
A configured grant provides a set of resources in a periodic manner for multiple sidelink transmissions. In each period, whether and how to support scheduling of multiple resources in one configured grant should be considered as well. 
Compared with dynamic grant, type-1 and type-2 configured grants are mainly used for resource scheduling of periodic sidelink traffics. Large periodic packet can benefit from scheduling of multiple resources corresponding to SL transmission of multiple TBs in one configured grant. The packet size of periodic sidelink traffics is easier to be predicted, thus scheduling multiple resources in one configured grant could achieve better resource efficiency. For large periodic packet divided into multiple TBs, the SL transmission can also be scheduled by multiple activated configured grants, but this solution will introduce higher complexity, and restricts the flexibility of sidelink scheduling since the needed number of activated configured grants corresponding to one packet increases. 
Similarly as for dynamic grant, the utilization of scheduled multiple resources needs to be further discussed for blind retransmission and HARQ-based transmission separately. 
· For blind retransmission, the scenario is similar as discussed in dynamic grant. A unified solution can be studied for both dynamic grant and configured grant for blind retransmission in Mode 1.
· For HARQ-based transmission:
· Considering the agreement on not support performing different transmission of a TB using different configured grants, the applicability of Option 3 in dynamic will be restricted. Option 3 could only be used when all potential (re-)transmissions of more than one TB can be performed within the resources scheduled in one configured grants. However, the condition is hard to be met since potential retransmission cannot be predicted by Tx UE.
· Option 1 and Option 2 in dynamic grant still can be considered for configured grants.
Therefore, based upon above, the following is proposed:
Proposal 5: For blind retransmission in Mode 1, support one configured grant providing resources for all sidelink initial transmission(s) and retransmissions of one or multiple TBs.
Proposal 6: For HARQ-based transmission in Mode 1, the following issues should be discussed further:
· Whether to support a configured grant providing resources for sidelink initial transmission and potential retransmissions of a single TB
· Whether to support a configured grant providing resources for sidelink initial transmissions of multiple TBs
· If supported, whether the potential retransmissions is scheduled by dynamic grants
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 configure 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 7: In NR V2X Mode 1, Type 1 configured grant for sidelink transmission 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 DCI 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. 
Proposal 8: In NR V2X Mode 1, support the Type 2 configured grant for sidelink transmission as follows:
· RRC is used to configure part of the parameters
· DCI is used to configure the rest of parameters and activate/deactivate the grant.

Report of Sidelink HARQ-ACK
Regarding report of sidelink HARQ-ACK from transmitter UE to gNB, the following agreement was made in RAN1#97 and RAN1#98:
Agreements:
· Sidelink HARQ ACK/NACK report from transmitter UE to gNB is supported with details FFS.
Note: this reverts the following agreement from RAN1#96:
· Sidelink HARQ ACK/NACK report from UE to gNB is not supported in Rel-16.
· SR/BSR report to gNB for the purpose of requesting resources for HARQ retransmission is not supported.
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

The motivation of support Sidelink HARQ ACK/NACK report from transmitter UE to gNB is that for HARQ-based sidelink transmission, latency requirement can hardly be satisfied if retransmission resource is requested by SR/BSR report. 
Under what condition HARQ-ACK of sidelink transmission is reported from Tx UE to gNB should be discussed. It is straightforward that Tx UE always report HARQ-ACK after each PSSCH transmission on resource scheduled by SL grants. The PUCCH resource used by HARQ-ACK report should also be scheduled by gNB, therefore gNB is clear with the association between scheduled SL resource and HARQ-ACK report, and whether to schedule SL resource for retransmission can be fully up to gNB control.
However, since gNB scheduling multiple PSSCH resources in one SL grant is already supported at least for dynamic grant, the solution above might introduce higher overhead since some HARQ-ACK report might be unnecessary. For example, if two PSSCH resources are scheduled in one SL grant, even if Tx UE reports NACK after transmission of 1st PSSCH, gNB may not schedule new resources before HARQ-ACK of 2nd PSSCH is reported. On the contrary, if resource release is not supported, even if Tx UE reports ACK after transmission of 1st PSSCH, gNB may not allocate the 2nd PSSCH resource for other sidelink UEs since the 2nd PSSCH may be used by the Tx UE for other SL transmissions. Therefore, no matter UE reports HARQ-ACK or not in the two examples, gNB behaviour may not change at all. Considering the half-duplex issue and the restriction on simultaneously transmission of UL carrying HARQ-ACK report and SL, on the slot for HARQ-ACK report, SL receptions and transmissions can hardly be performed, thus the impact caused by frequent HARQ-ACK report to gNB cannot be ignored.
Therefore, another solution is that HARQ-ACK report is regarded as signalling to trigger resource allocation for retransmission, and/or signalling to indicate sidelink resource release. For example, Tx UE will report NACK only if retransmission is needed and there are no available SL resource scheduled by gNB. Otherwise if Tx UE have available SL resources scheduled by gNB, even if PSFCH carrying NACK is received and retransmission is needed, Tx UE will not report HARQ-ACK to gNB. Another example is that, Tx UE will report ACK only if the UE finish Mode 1 transmission and would like to release remaining SL resources scheduled by gNB. 
Since the condition of UE report HARQ-ACK to gNB may depend on design of resource allocation mechanism for dynamic/configured grants, it should be considered in combination with SL resource allocation.
Observation 2: Based on design of sidelink resource allocation in Mode 1, the following options for design of HARQ report occasion can be considered:
· Transmitter UE may report HARQ-ACK to gNB after each PSSCH transmission.
· Transmitter UE may report HARQ-ACK to gNB only after last PSSCH transmission scheduled by gNB in one dynamic/configured grant.
Proposal 9: For sidelink HARQ report from transmitter UE to gNB,
· For a dynamic grant scheduling multiple sidelink transmissions, each of the scheduled sidelink transmission has an associated HARQ feedback transmission opportunity on UL.
· Transmitter UE reports NACK to gNB only if resource allocation for sidelink retransmission needs to be triggered, and/or reports ACK to gNB only if sidelink resources scheduled by gNB should be released.
For HARQ-based unicast and groupcast Option 2, Tx UE will assume receiving no HARQ-ACK feedback on PSFCH as DTX. Since the states NACK and DTX can be distinguished by Tx UE, HARQ-ACK reporting of not only ACK/NACK but also DTX can be beneficial since additional information can be reported to assist gNB better perform the subsequent scheduling. For example, gNB may increase the transmission power of Tx UE to improve PSCCH decoding performance, or may consider the wake-up period of Rx UE and decide the slot scheduled for retransmission. If implicit report of ACK or NACK is supported, e.g. no explicit HARQ-ACK report implies ACK (or NACK), then there introduces no additional overhead for DTX reporting.
Observation 3: gNB scheduling can benefit from report of DTX in addition to ACK/NACK for HARQ-ACK report from Tx UE to gNB.
It is straightforward to report HARQ-ACK of SL transmission via PUCCH to gNB. Since UCI piggyback in legacy NR system is already supported, allowing HARQ-ACK report piggybacked on PUSCH can improve the scheduling flexibility and resource efficiency. Furthermore, the multiplexing between HARQ-ACK of SL transmission and HARQ-ACK of DL transmission can be studied.
Observation 4: Sidelink HARQ-ACK report from Tx UE to gNB piggybacked on PUSCH and HARQ-ACK report of SL transmission multiplexing with HARQ-ACK of DL transmission can improve scheduling flexibility and reduce overhead.
Proposal 10: Sidelink HARQ-ACK report from transmitter UE to gNB can be conveyed on either PUCCH or multiplexed with UL transmissions.
· If Sidelink HARQ-ACK report from transmitter UE to gNB is multiplexed with PUSCH, reuse UCI piggybacking in legacy NR system.

Sidelink resource in shared carrier
It was 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, which part of the resource can be used for sidelink needs to be determined.
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, and considering the cost between UE introduce additional Tx chain on DL resource and additional Rx chain on UL resource, sidelink transmission on UL resources is more efficiency. In addition, the interference from sidelink to DL transmission is less controllable, especially considering the always-on signals. 
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. 
However, the sidelink resource pool is configured by gNB e.g. via sidelink resource bitmap. For slot-based sidelink system, the resources configured as sidelink resources should be slot level and should not include partial of a slot. Therefore, the slot format configuration can be transparent for sidelink UEs to reduce the complexity. UE regard the bitmap indicating sidelink slots is based on physical slot and not need to differentiate whether the physical slot configured as sidelink resource is corresponding to D, X or U symbols in Uu.
Due to time limitation, higher complexity and lack of strong motivation, symbol-based sidelink system should not be introduced in Rel-16. Therefore, using partial slot containing ‘X’ and/or ‘U’ symbols for sidelink transmission should not be supported. 
In addition, it should be clarified that symbol-based sidelink system means both the size of SL channels and the location of a SL channel within one slot will vary depending on slot format and resource selection. On the contrary, some sidelink transmission e.g. PSFCH may not span all symbols within a slot, but its relative location and size will be (pre-)configured and not depending slot format/resource selection, thus it should not be treated as symbol-based sidelink transmission.
Observation 5: In shared carriers, the UL/DL/flexible resources in Uu can be transparent to sidelink UE to reduce complexity. UE can assume sidelink resource pool configuration based on physical slots.

Conclusions
In this contribution, the views on resource allocation in NR V2X Mode 1 are provided. Based on the discussion, the following observations and proposals are provided:
Observation 1: In NR V2X Mode 1 dynamic resource allocation, one DCI format scheduling sidelink resource for PSCCH/PSSCH (re-)transmissions of multiple TBs is beneficial to at least aperiodic packets with large size.
Observation 2: Based on design of sidelink resource allocation in Mode 1, the following options for design of HARQ report occasion can be considered:
· Transmitter UE may report HARQ-ACK to gNB after each PSSCH transmission.
· Transmitter UE may report HARQ-ACK to gNB only after last PSSCH transmission scheduled by gNB in one dynamic/configured grant.
Observation 3: gNB scheduling can benefit from report of DTX in addition to ACK/NACK for HARQ-ACK report from Tx UE to gNB.
Observation 4: Sidelink HARQ-ACK report from Tx UE to gNB piggybacked on PUSCH and HARQ-ACK report of SL transmission multiplexing with HARQ-ACK of DL transmission can improve scheduling flexibility and reduce overhead.
Observation 5: In shared carriers, the UL/DL/flexible resources in Uu can be transparent to sidelink UE to reduce complexity. UE can assume sidelink resource pool configuration based on physical slots.
Proposal 1: No explicit indication of PSFCH resource is included in dynamic grant and configured grant.
Proposal 2: For blind retransmission in Mode 1, support one dynamic grant providing resources for sidelink initial transmission and blind retransmissions for multiple TBs.
Proposal 3: For HARQ-based transmission in Mode 1, the following issues should be discussed further:
· Whether to support one dynamic grant providing resources for sidelink initial transmission and potential retransmissions of a single TB
· Whether to support one dynamic grant providing resources for sidelink transmissions of multiple TBs
Proposal 4: Dynamic enabling/disabling of HARQ feedback for Mode 1 transmission is indicated in at least dynamic grant.
Proposal 5: For blind retransmission in Mode 1, support one configured grant providing resources for all sidelink initial transmission(s) and retransmissions of one or multiple TBs.
Proposal 6: For HARQ-based transmission in Mode 1, the following issues should be discussed further:
· Whether to support a configured grant providing resources for sidelink initial transmission and potential retransmissions of a single TB
· Whether to support a configured grant providing resources for sidelink initial transmissions of multiple TBs
· If supported, whether the potential retransmissions is scheduled by dynamic grants
[bookmark: _GoBack]Proposal 7: In NR V2X Mode 1, Type 1 configured grant for sidelink transmission supports multiple active grants and each Type 1 configured grant is associated with a service QoS level.
Proposal 8: In NR V2X Mode 1, support the Type 2 configured grant for sidelink transmission as follows:
· RRC is used to configure part of the parameters
· DCI is used to configure the rest of parameters and activate/deactivate the grant.
Proposal 9: For sidelink HARQ report from transmitter UE to gNB,
· For a dynamic grant scheduling multiple sidelink transmissions, each of the scheduled sidelink transmission has an associated HARQ feedback transmission opportunity on UL.
· Transmitter UE reports NACK to gNB only if resource allocation for sidelink retransmission needs to be triggered, and/or reports ACK to gNB only if sidelink resources scheduled by gNB should be released.
Proposal 10: Sidelink HARQ-ACK report from transmitter UE to gNB can be conveyed on either PUCCH or multiplexed with UL transmissions.
· If Sidelink HARQ-ACK report from transmitter UE to gNB is multiplexed with PUSCH, reuse UCI piggybacking in legacy NR system.
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