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Introduction
Rel-16 NR V2X was endorsed in 3GPP TSG RAN1#99. This contribution discusses the remaining issues on Mode 1 resource allocation, including the following topics:
· Remaining details of UE behaviour in reporting SL HARQ-ACK
· Details of SL DCI format size alignment with existing NR Uu DCI
Remaining details of reporting SL HARQ-ACK on uplink
1.1 PUCCH occasion for dynamic grant
In RAN1#99 meeting [1], the following proposal regarding reporting SL HARQ-ACK on uplink was discussed but not finalized:
	Proposals:
· The timing of the PUCCH used for conveying SL HARQ is indicated in DCI in terms of PDCCH-to-PUCCH UL (physical) slots.
· FFS the case of multiple PUCCH resources (if supported)


It was agreed that one DG can allocate SL resources corresponding to multiple transmissions of one TB. For HARQ based sidelink transmission, after each SL transmission on the resources scheduled in a DG, transmitter UE may detect ACK feedback before all scheduled resources are used for sidelink transmission. Therefore, for the utilization of multiple SL resources scheduled in one DG, the following three solutions can be considered:
· Option 1: One DG can provide resources for multiple transmissions of one SL TB, and SL resource release mechanism is supported. Tx UE reports sidelink HARQ-ACK to gNB as indication of resource release. Correspondingly, after each SL resource scheduled in a dynamic grant, there is one PUCCH transmission occasion. 
· Option 2: One DG can provide resources for multiple transmissions of one SL TB, and no resource release mechanism is introduced. If Tx UE successfully transmits a SL TB on one resource scheduled in the DG, it transmits nothing on the remaining resources, if any. 
Option 2 has lower complexity but will significantly impact the resource utilization efficiency on sidelink. In order to avoid potential impact on higher layer, it seems option 1 is more appropriate to balance the complexity of system design and the performance of SL resource efficiency.
Proposal 1: For mode 1 dynamic grant, when SL HARQ feedback is enabled, there is one PUCCH transmission occasion after every SL resource scheduled in the DG.
1.2 Handling of collision between SL HARQ-ACK report on PUCCH and other UL transmission
In RAN1#100bis, the following agreement regarding prioritization between PSFCH Tx and PSFCH Rx and prioritization between SL transmission and UL transmission were made:
	Agreements:
For the prioritization between PSFCH TX and PSFCH RX,
· When the UE is required to transmit more than one PSFCH, the highest priority of the associated PSCCH/PSSCH is used for prioritization of the PSFCH transmission.
· When the UE is required to receive more than one PSFCH, the highest priority of the associated PSCCH/PSSCH is used for prioritization of the PSFCH reception.
Agreements:
· (Working assumption) For handling the case where more than one SL and UL transmissions overlap, adopt the following principle
· For more than one SL transmissions overlapping with a UL transmission, the highest priority of SL transmissions is used for the prioritization.
· For more than one UL transmissions overlapping with a SL transmission, the highest priority of UL transmissions is used for the prioritization.
· FFS details


One potential issue was discussed that if the highest priority of PSFCH Tx and of PSFCH Rx are the same, how to handle the prioritization issue. Considering the situation may be very complicated, enhancement on potential tie breakers may introduce significant work load, but the gain are not evaluated and are expected to be marginal. Therefore, for the case of PSFCH Tx and PSFCH Rx have same highest priority, no further rule should be introduced and the Tx/Rx prioritization is up to UE implementation.
Similarly, for the case of multiple SL/UL transmissions are overlapped and SL and UL transmissions have same highest priority, no further rule should be introduced and the SL/UL prioritization is up to UE implementation.
Proposal 2: For the following cases, it is up to UE implementation and no further prioritization rule is introduced:
· Prioritization between multiple PSFCH Tx and multiple PSFCH Rx, and Tx and Rx have same priority
· Prioritization between multiple SL Tx and multiple UL Tx, and SL and UL have same priority
In RAN1#100bis, the following agreement regarding prioritization between SL transmission and UL transmission were made:
	Agreements: For prioritization between PSFCH and UL TX,
· The priority of PSFCH TX is the highest priority of the associated PSCCH/PSSCH
· When the overlapping UL TX other than PUCCH carrying SL HARQ reporting,
· when UL TX is associated with a DCI indicating “high” in “priority field” or configured with “high priority” by higher layers (i.e., URLLC case)
· If SL-threshold for URLLC case is configured, LTE rule is used (i.e., UL TX is down-prioritized if the priority value of SL-TX is smaller than SL-threshold, otherwise prioritized)
· Otherwise, UL TX is prioritized
· Otherwise, LTE rule is used with another SL-threshold configured for non-URLLC case
· Additionally, PRACH and PUSCH scheduled by RAR UL grant are always prioritized.
Agreements: For prioritization between S-SSB and UL TX,
· The priority of S-SSB is equal to the (pre-)configured priority introduced for in-device coexistence.
· when UL TX is associated with a DCI indicating “high” in “priority field” or configured with “high priority” by higher layers (i.e., URLLC case)
· If SL-threshold for URLLC case is configured, LTE rule is used (i.e., UL TX is down-prioritized if the priority value of SL-TX is smaller than SL-threshold, otherwise prioritized)
· Otherwise, UL TX is prioritized
· Otherwise, LTE rule is used with another SL-threshold configured for non-URLLC case
· Additionally, PRACH and PUSCH scheduled by RAR UL grant are always prioritized.
Agreements:
· When PUCCH carrying SL HARQ reporting overlaps with SL TX,
· The one with a higher priority is transmitted.
· The priority of PUCCH carrying SL HARQ reporting is the highest priority of the associated PSFCH


For collision between UL transmissions and SL-related transmissions, the scenario of SL HARQ-ACK report on PUCCH overlapped with UL Tx was discussed in RAN1#100bis with no consensus. 
For SL HARQ-ACK report overlapped with Uu PUCCH, the priority rule of prioritization between SL/UL transmissions based on two QoS thresholds for URLLC and eMBB separately should be reused to achieve a unified mechanism. One key issue was discussed in RAN1#100bis that gNB may have no information about the QoS of SL transmission, thus cannot predict whether HARQ-ACK codebook for SL transmissions or HARQ-ACK codebook for DL transmissions is reported. In this scenario, blind detection is necessary at gNB side. Since SL/DL codebooks are transmitted via PUCCH, gNB can schedule different parameters for the two codebooks e.g. different PRBs, cyclic shifts and PUCCH formats, in order to differentiate SL and DL codebooks in the blind detection. 
For SL HARQ-ACK report overlapped with Uu PUSCH, the legacy procedure of piggybacking PUCCH on PUSCH can be reused. If there are also other Uu PUCCH piggybacked on the PUSCH, then the prioritization between SL HARQ-ACK report and other Uu PUCCH are performed at first.
Proposal 3: For prioritization between SL HARQ-ACK on PUCCH and UL Tx,
· If UL Tx is PUCCH, reuse the prioritization rule when PSFCH is overlapped with UL Tx, i.e. based on the configuration of two SL-thresholds for URLLC and non-URLLC cases. 
· gNB is able to distinguish SL HARQ-ACK report and Uu PUCCH by scheduling different parameters, e.g. PRB, cyclic shift, PUCCH format, for SL and Uu.
· If UL Tx is PUSCH, reuse the legacy procedure of piggybacking PUCCH on PUSCH, i.e. SL HARQ-ACK on PUCCH is piggybacked on PUSCH.

1.3 Others
From current spec, it is currently unclear whether the UE performing the PSSCH transmission or the one performing the PSSCH reception will be responsible for reporting the HARQ ACK/NACK feedback in a PUCCH transmission occasion. In particular, for the following paragraphs from Section 16.5 of 38.213:
	16.5 UE procedure for reporting HARQ-ACK on uplink
A UE can be provided PUCCH resources or PUSCH resources [12, TS 38.331] to report HARQ-ACK information that the UE generates based on HARQ-ACK information that the UE obtains from PSFCH receptions, or from absence of PSFCH receptions. 
For SL configured grant Type 1 or Type 2 PSSCH receptions by a UE within a time period provided by periodSlCG, the UE generates one HARQ-ACK information bit in response to the PSFCH receptions to multiplex in a PUCCH transmission occasion that is after a last time resource, in a set of time resources. 
…
For a PSSCH reception by a UE that is scheduled by a DCI format, or for a SL configured grant Type 2 PSCCH reception activated by a DCI format, the DCI format can indicate to the UE that a PUCCH resource is not provided. For a SL configured grant Type 1 PSSCH reception, a PUCCH resource can be provided PUCCH-SL-Config. If a PUCCH resource is not provided, the UE does not transmit a PUCCH with generated HARQ-ACK information from PSFCH reception occasions.


In the second paragraph shown above, it may be interpreted such that UEs referred to by “a UE” which is marked in red is the receiver UE of sidelink communication, and “the UE” which is marked in yellow is the transmitter UE of sidelink communication. In the third paragraph shown above, it may be interpreted that the UE is the receiver UE of sidelink communication. However, in the procedure of reporting SL HARQ-ACK on uplink, the SL HARQ report should be transmitted from the transmitter UE of sidelink communications to gNB, thus the current wording in TS 38.213 will introduce a confusion.
To address the issue, the text proposal is proposed as follows.
Proposal 4: On UE procedure for reporting HARQ-ACK on uplink, adopt the following TP in TS 38.213:
	================== Begin of Text Proposal for Section 16.5 in TS 38.213 =================
16.5 UE procedure for reporting HARQ-ACK on uplink
…
A UE can be provided PUCCH resources or PUSCH resources [12, TS 38.331] to report HARQ-ACK information that the UE generates based on HARQ-ACK information that the UE obtains from PSFCH receptions, or from absence of PSFCH receptions. 
For SL configured grant Type 1 or Type 2 PSSCH receptions transmissions by a UE within a time period provided by periodSlCG, the UE generates one HARQ-ACK information bit in response to the PSFCH receptions to multiplex in a PUCCH transmission occasion that is after a last time resource, in a set of time resources. 
…
For a PSSCH reception transmission by a UE that is scheduled by a DCI format, or for a SL configured grant Type 2 PSCCH reception PSSCH transmission activated by a DCI format, the DCI format can indicate to the UE that a PUCCH resource is not provided. For a SL configured grant Type 1 PSSCH reception transmission, a PUCCH resource can be provided PUCCH-SL-Config. If a PUCCH resource is not provided, the UE does not transmit a PUCCH with generated HARQ-ACK information from PSFCH reception occasions.
================== End of Text Proposal for Section 16.5 in TS 38.213 =================



DCI format size alignment
In RAN1#99 meeting [1], the following agreements regarding DCI format size alignment was made:
	Agreements:
· Existing DCI size budget is maintained when the UE is configured with SL 
· (working assumption): The size of the new DCI format and the size of one of the existing NR DCI formats are aligned.


The existing DCI size budget restricts that the maximum number of different sizes of DCI format monitored by UE should not exceed 4, and that the maximum number of different sizes of DCI format with C-RNTI monitored by UE should not exceed 3. According to the agreement above, if the maximum number of different sizes of DCI format exceeds existing budget due to the introduction of SL DCI formats, then the size of SL DCI formats should be aligned with one of the existing NR DCI. 
SL DCI size alignment can be similar as DCI size alignment procedure in NR Uu. One existing NR DCI format, e.g. DCI format 0_1, should be determined as a reference for SL DCI formats. If the size of reference NR DCI format and of SL DCI formats are unequal, zero padding is appended to the DCI format with smaller size, until their sizes are equal.
When the UE is configured with SL, if the actual number of different sizes of DCI formats monitored by the UE does not exceed existing DCI size budget, it is unnecessary to perform SL DCI size alignment procedure. SL DCI formats can have different size compared with NR Uu, and no introduction of zero padding is beneficial to reduce the overhead of control signal and improve decoding performance.
Proposal 5: For SL DCI size alignment, reuse DCI size alignment procedure in NR Uu.
Proposal 6: When UE is configured with SL, if the number of monitored DCI sizes does not exceed existing DCI size budget, SL DCI size alignment is not applied.
Conclusions
In this contribution, the remaining issues on resource allocation in NR V2X Mode 1 are discussed with the following proposals:
Proposal 1: For mode 1 dynamic grant, when SL HARQ feedback is enabled, there is one PUCCH transmission occasion after every SL resource scheduled in the DG.
Proposal 2: For the following cases, it is up to UE implementation and no further prioritization rule is introduced:
· Prioritization between multiple PSFCH Tx and multiple PSFCH Rx, and Tx and Rx have same priority
· Prioritization between multiple SL Tx and multiple UL Tx, and SL and UL have same priority
Proposal 3: For prioritization between SL HARQ-ACK on PUCCH and UL Tx,
· If UL Tx is PUCCH, reuse the prioritization rule when PSFCH is overlapped with UL Tx, i.e. based on the configuration of two SL-thresholds for URLLC and non-URLLC cases. 
· gNB is able to distinguish SL HARQ-ACK report and Uu PUCCH by scheduling different parameters, e.g. PRB, cyclic shift, PUCCH format, for SL and Uu.
· If UL Tx is PUSCH, reuse the legacy procedure of piggybacking PUCCH on PUSCH, i.e. SL HARQ-ACK on PUCCH is piggybacked on PUSCH.
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Proposal 5: For SL DCI size alignment, reuse DCI size alignment procedure in NR Uu.
Proposal 6: When UE is configured with SL, if the number of monitored DCI sizes does not exceed existing DCI size budget, SL DCI size alignment is not applied.
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