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Introduction
In the description of the work item [1] for 5G V2X with NR sidelink, the following objectives were specified for Mode 1 resource allocation for NR sidelink:
1. NR sidelink: Specify NR sidelink solutions necessary to support sidelink unicast, sidelink groupcast, and sidelink broadcast for V2X services, considering in-network coverage, out-of-network coverage, and partial network coverage.
· Support of sidelink signals, channels, bandwidth part, and resource pools [RAN1, RAN2]
· 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.
In this contribution, we provide our views on remaining details of mode 1 sidelink resource allocation for NR V2X. 
Resource allocation for mode 1 
[bookmark: _Hlk5006168][bookmark: _Hlk534980196]DCI for dynamic grant and type 2 configured grant
In this section, we discuss the size and detailed contents of DCI for dynamic grant and type-2 configured grant in mode 1. 
As for DCI size, the following agreements were reached in previous meetings (RAN1#98bis [2] and RAN1#99 [3]):
DCI size: 
· Agreements on RNTI value for dynamic grant and configured grant type 2 (resource allocation mode 1, RAN1#98bis)
· Two different UE-specific SL RNTIs are introduced for Mode-1 scheduling: one for CRC scrambling in DCI for a dynamic grant and the other one for CRC scrambling in DCI for a configured grant type-2.
· The two above DCIs have the same size

· Agreements on Mode 1 DCI size (resource allocation mode 1, RAN1#99) 
· Existing DCI size budget is maintained when the UE is configured with SL 
· [bookmark: _Hlk32561305](Working assumption): The size of the new DCI format and the size of one of the existing NR DCI formats are aligned.

The working assumption on DCI size should be confirmed. The size of the new SL DCI format is aligned with the size of one of the existing NR DCI formats.

DCI contents should include the following parts: resource allocation for PSCCH/PSSCH transmissions, HARQ process information, HARQ feedback to gNB, and extra contents for type-2 configured grant. 
[bookmark: _Hlk32483319]As for DCI contents for resource allocation, the following agreements were reached in previous meetings:
· Agreements on time offset signalling in DCI (resource allocation mode 1, RAN1#98bis)
· To signal the gap between DCI reception and the first sidelink transmission scheduled by DCI:
· A table of values is configured by RRC.
· DCI determines which of the configured values is used.
· FFS how to determine the slot for the first sidelink transmission (e.g., based on the indicated value, potential async between Uu & SL, different numerologies, etc.)
· FFS if the gap is in physical or logical slots.

· Agreements on timing of first SL TX in Mode 1 (resource allocation mode 1, RAN1#99)
· For dynamic grant and configured grant type-2, the slot of the first sidelink transmission is the in the first SL slot of the corresponding resource pool that starts not earlier than (working assumption for the formular)  where TDL is starting time of the slot carrying the corresponding DCI, TTA is the timing advance value and m is the slot offset (based on the SL numerology) between DCI and the first sidelink transmission scheduled by DCI, Tc is as defined in 38.211, and Tslot is the SL slot duration. 
· FFS the case of CG type 1
· FFS the application of the above formula to cross-RAT scheduling.

· Agreements on contents of Mode 1 dynamic grant (resource allocation mode 1, RAN1#99) 
· For dynamic grant, DCI contains HARQ ID and NDI. 
· For dynamic grant, DCI indicates the time-frequency resource allocation with the signalling format used for SCI.
· [bookmark: _Hlk32498142]In addition, the starting sub-channel for initial transmission is signalled in DCI.

· Agreements on time-frequency resource indication in SCI (resource allocation mode 2, RAN1#99)
· The first proposal under Wed. session in R1-1913450 is agreed, with one clarification that S is the number of sub-channels in the resource pool

Email discussion [98b-NR-15]
· Agreements on semi-static resource reservation (resource allocation mode 2)
· When reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is disabled, NMAX is 3 
· SCI signaling is designed to allow to indicate 1 or 2 or 3 resources at least of the same number of sub-channels with full flexibility in time and frequency position in a window W of a resource pool 
· FFS: if full flexibility is limited in some cases
· Value 2 or 3 is (pre-)configured per resource pool
· FFS size of window W

First, to indicate in which slot the first sidelink transmission would occur, DCI should include the index of the value of the time gap between DCI reception and the first sidelink transmission.  In addition, DCI includes the starting sub-channel for the first sidelink transmission. Second, since DCI indicates the time-frequency resource allocation with the signalling format used for SCI, we have different time-frequency resource indications for Nmax=2 and Nmax=3.  

As for DCI contents for HARQ feedback to gNB, the following agreements were reached in previous meetings:
· Agreements on PUCCH resource indication/configuration (resource allocation mode 1, RAN1#98bis)
· For reporting SL HARQ-ACK to the gNB: 
· For dynamic grant and configured grant type-2 in SL, the Rel-15 procedure and signalling for DL HARQ-ACK are reused for the purpose of selecting PUCCH offset/resource and format in UL. 
· The configuration for SL is separate from Uu link for a UE
· FFS how to indicatae timing of transmission in PUCCH, including whether physical or logical slots are used
· For configured grant type-1 in SL, RRC is used to configure PUCCH offset/resource and format in UL (if supported)

· Agreements on SL HARQ feedback reporting via PUCCH (resource allocation mode 1, RAN1#99) 
· For dynamic grant and CG:
· If the gNB provides PUCCH resources for feedback, the UE reports SL HARQ FB to the gNB
· If the gNB does not provides PUCCH resources for feedback, the UE does not report SL HARQ FB to the gNB
· For case of DG and type 2 CG: one combination of “timing and resource for PUCCH” is used to indicate that PUCCH resource is not provided
· For type 1 CG: no RRC configuration of PUCCH resources indicates that PUCCH resource is not provided

· Working assumptions on reference timing of PUCCH used for SL HARQ feedback reporting (resource allocation mode 1, RAN1#99) 
· The timing of the PUCCH used for conveying SL HARQ is indicated in DCI or RRC (only for transmissions without a DCI) in terms of PSFCH-to-PUCCH physical slots, where the slot duration is defined based on the PUCCH SCS. 
· Note: it is not intended to define any new sync requirements for gNBs

First, DCI indicates PSFCH-to-PUCCH time gap with the unit of physical slot based on the PUCCH SCS. Second, DCI includes PUCCH resource indicator to select PUCCH offset/resource and format in UL. Third, since as agreed Type-2 codebook is also supported for SL HARQ-ACK reporting, DCI needs to include the information of DAI (downlink assignment index).  

As for Type-2 configured grant, the following agreements were reached in previous meetings: 
· Agreements on contents of Mode 1 configured grant configuration (resource allocation mode 1, RAN1#99) 
· At least the following parameters are part of a SL configured grant configuration:
· Configuration index of the CG 
· Time offset (for type-1 only)
· Time-frequency allocation (for type-1 only)
· Using the same format as in DCI.
· Periodicity
· The configured grant is associated with a single transmit resource pool.
· RAN2 can add other parameters if deemed necessary by RAN2
· A UE in mode 1 is configured at least with one transmit resource pool 
· For type-2 CG, the time-frequency allocation and the configuration index of the CG are indicated in DCI.
· All parameters for CG type 2 for activation DCI re-use the same respective parameters configured for CG type 1, when applicable

Hence to support Type-2 configured grant, DCI should include the following extra information for activation/release: configuration grant index and activation/release bit. 
In summary, for dynamic grant and Type-2 configured grant, needed DCI contents are listed in the following table. 
Based on DCI contents listed in Table 1, the maximum number of bits needed (when Nmax=3, S=20) is 49. NR DCI format 0-1 can be considered as a choice. 
Table 1: DCI contents
	Field
	Size (bit)

	Resource allocation
	Index of PDCCH-to-PSSCH time gap 
	4

	
	Starting sub-channel of first SL transmission 
	
S: number of sub-channels

	
	Time gaps between all SL transmissions
	5 if Nmax=2
9 if Nmax=3

	
	Starting sub-channel(s) of second/third SL transmissions and number of allocated sub-channels of all SL transmissions
	 if Nmax=2
 if Nmax=3


	HARQ process
	HARQ ID
	4

	
	NDI
	1

	HARQ feedback to gNB
	PSFCH-to-PUCCH time gap
	3

	
	PUCCH resource indicator
	3

	
	DAI 
	2-4

	Type-2 configured grant
	Configured grant index 
	3

	
	Configured grant activation/release 
	1



Proposal 1: The size of the new DCI format for mode 1 dynamic grant / type-2 configured grant and the size of one of the existing NR DCI formats are aligned.                                                                          Consider NR DCI format 0-1 as a choice. 
Proposal 2: Consider Table 1 as DCI contents.

Multiplexing of multiple SL HARQ-ACKs in a PUCCH resource
[bookmark: _Hlk32566252]As for multiplexing multiple SL HARQ-ACKs in a PUCCH resource, the following agreements were reached in email discussions:
Email discussion [98b-NR-13]
· Agreements on multiplexing of multiple HARQ-ACKs (resource allocation mode 1)
· NR supports reporting of multiple SL HARQ-ACKs in a single PUCCH resource. 
· The Rel-15 procedures for multiplexing DL HARQ-ACKs are reutilized.
· Reports carry SL HARQ-ACKs for dynamic grants and/or configured grants. 
· A UE does not expected to be indicated to transmit SL HARQ-ACK information for more than one SL configured grant in a same PUCCH.
· Note: A UE can be provided with multiple SL CGs with different (non-overlapping) slots for the corresponding PUCCH transmissions for SL HARQ-ACK reporting.
· For SL HARQ-ACK reporting, both Type-1 and Type-2 codebook are supported: 
· The same codebook type is used for SL HARQ-ACK and DL HARQ-ACK reporting.
· SL HARQ-ACK bits are generated using the Rel-15 procedures and concatenated to the DL HARQ-ACK bits, which are independently generated using the corresponding procedures. 
· FFS changes or restrictions to the Rel-15 procedures for generating the SL HARQ-ACK bits.
· FFS other details on how the codebook(s) are constructed

[bookmark: _Hlk24015755]For Type-1 codebook, the value of K_1 used for Uu can be replaced by PSFCH-to-PUCCH time gap. It’s consistent with DCI content proposed in Table 1.
For Type-2 codebook, the SL DCI should carry both cDAI and tDAI indices. tDAI is only present if the UE is configured with SL RNTI for more than one cell. This point was brought out in last meeting. It should be confirmed. 
Proposal 3: For Type-1 codebook, consider replacing the value of K_1 used for Uu by PSFCH-to-PUCCH time gap. 
Proposal 4: For Type-2 codebook, consider SL DCI carrying both cDAI and tDAI indices.                  Consider tDAI present only if the UE is configured with SL RNTI for more than one cell.

UE behavior in reporting SL HARQ-ACK 
As for UE behavior in reporting SL HARQ-ACK, the following agreements were reached in email discussions:
Email discussion [98b-NR-12]
· Agreements on reporting SL HARQ-ACK to the gNB (resource allocation mode 1)
· For unicast: 
· TX UE reports contents received in PSFCH (i.e., ACK/NACK) to gNB. 
· TX UE reports NACK if PSFCH is not detected 
· When generating the HARQ-ACK report for the transmissions corresponding to a grant, the TX UE uses the most recent PSFCH occasion (as working assumption) associated with the transmissions.
· For groupcast option 1: 
· TX UE reports ACK to the gNB if no PSFCH is detected. 
· TX UE reports NACK to the gNB if at least one PSFCH (i.e., NACK) is detected. 
· When generating the HARQ-ACK report for the transmissions corresponding to a grant, the TX UE uses the most recent PSFCH occasion (as a working assumption) associated with the transmissions. 
· FFS the cases when TX UE does not transmit/receive due to prioritization. 
· For groupcast option 2: 
· TX UE reports ACK if all expected PSFCH resources are received and carry ACK. 
· TX UE reports NACK if at least one received PSFCH resource carries NACK or if no PSFCH is detected. 
· FFS the case with PSFCHs corresponding to multiple PSCCH/PSSCH transmissions before generating the HARQ-ACK report. 
· FFS behavior when TX UE does not detect some expected PSFCH.
· FFS if no PSCCH/PSSCH is transmitted in a set of resources for configured grant. 
· FFS whether/how to deal with the case of reaching the maximum number of HARQ re-transmissions for a TB.

As agreed, for groupcast option 1, TX UE reports ACK to the gNB if no PSFCH is detected and TX UE reports NACK to the gNB if at least one PSFCH (i.e., NACK) is detected. FFS the cases when TX UE does not transmit/receive due to prioritization. This happens if PSFCH TX/RX collides at TX UE. TX UE does not receive PSFCH due to prioritized PSFCH TX. TX UE could report NACK to gNB to request resource for retransmission. 
For groupcast option 2, TX UE reports ACK if all expected PSFCH resources are received and carry ACK and TX UE reports NACK if at least one received PSFCH resource carries NACK or if no PSFCH is detected. FFS behavior when TX UE does not detect some expected PSFCHs. For this cast, NACK shall be reported to gNB. 
FFS whether/how to deal with the case of reaching the maximum number of HARQ re-transmissions for a TB. If the maximum number of HARQ ReTX has been reached and still NACK/no ACK is received on sidelink, the TX UE probably should not report NACK to the gNB, since NACK means a request for retransmission resources and further retransmissions are not allowed. 
Proposal 5: For groupcast option 1, TX UE reports NACK to gNB when TX UE does not transmit/receive due to prioritization. 
Proposal 6: For groupcast option 2, TX UE reports NACK to gNB when TX UE does not detect some expected PSFCHs. 
Proposal 7: For the case of reaching the maximum number of HARQ re-transmissions for a TB, the TX UE should not report NACK to gNB. 

HARQ process ID determination for configured grants  
For configured grants, HARQ process ID can be configured by the gNB. In details, while for Type-1 configured grant, HARQ process ID is configured by the gNB via RRC, for Type-2 configured grant, HARQ process ID is indicated in DCI. 
[bookmark: P_geo][bookmark: _Hlk32586323]Proposal 8: For configured grants, consider HARQ process ID configured by the gNB. 

Conclusions
In this contribution, we provide our views on mode 1 sidelink resource allocation for NR V2X, summarized in the following proposals: 
Proposal 1: The size of the new DCI format for mode 1 dynamic grant / type-2 configured grant and the size of one of the existing NR DCI formats are aligned.                                                                          Consider NR DCI format 0-1 as a choice. 
Proposal 2: Consider Table 1 as DCI contents.
Proposal 3: For Type-1 codebook, consider replacing the value of K_1 used for Uu by PSFCH-to-PUCCH time gap. 
Proposal 4: For Type-2 codebook, consider SL DCI carrying both cDAI and tDAI indices.                  Consider tDAI present only if the UE is configured with SL RNTI for more than one cell.
Proposal 5: For groupcast option 1, TX UE reports NACK to gNB when TX UE does not transmit/receive due to prioritization. 
Proposal 6: For groupcast option 2, TX UE reports NACK to gNB when TX UE does not detect some expected PSFCHs. 
Proposal 7: For the case of reaching the maximum number of HARQ re-transmissions for a TB, the TX UE should not report NACK to gNB.
Proposal 8: For configured grants, consider HARQ process ID configured by the gNB.

References
1. RP-190766, “New WID on 5G V2X with NR sidelink”, 3GPP RAN #83.
1. RAN1#98bis chairman notes 
1. RAN1#99 chairman notes

image4.png
Il log, (S(sﬂ);zsu))]




image1.png
T8 X T +m x Ty,
ToL —




image2.png
[log,S]




image3.png
Il log, (S(s;l))l





