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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#96bis, the following agreements on mode 1 are agreed in [1]:
Agreement:
· A dynamic grant provides resources for one or multiple sidelink transmissions of a single TB.
· A configured grant (type-1, type-2) provides a set of resources in a periodic manner for multiple sidelink transmissions.
· UE decides which TB to transmit in each of the occasions indicated by a given configured grant.
· FFS: whether different transmissions of a TB can take place across multiple configured grants.
· Other restrictions on what can be transmitted in a given configured grant (e.g., based on QoS, destination UE, etc.) are up to RAN2.

In addition, the following agreements were made in RAN1#97 [2]:
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.
· NR sidelink does not support performing different transmissions of a TB using different configured grants.
· For mode 1:
· A dynamic grant by the gNB provides resources for transmission of PSCCH and PSSCH.

In this contribution, we discuss the design of UCI and related procedure for sidelink HARQ ACK/NACK report from Tx UE to gNB for HARQ support in mode 1. In addition, we discuss the design of DCI  for dynamic grant and configured grant type-2.

[bookmark: _Ref129681832]Dynamic grant and UCI procedure
Dynamic grant 
In RAN#96bis, the agreement that a dynamic grant provides resources for one or multiple sidelink transmissions of a single TB is made. If such a grant provides for only one sidelink transmission of a TB, then retransmission resource has to be  provided by another dynamic grant, if it is needed. Alternatively, the grant can provide for multiple sidelink transmissions of a single TB.

As agreed in RAN1#96 [3], blind retransmission of a TB for sidelink is supported.:
Agreements:
· Blind retransmissions of a TB are supported for SL by NR-V2X
· Details are for the WI phase
Besides low latency, high reliability is also often required for V2X communication. For example, reliability of up to 99.999% within 3 ms is required for emergency trajectory alignment between UEs [4]. HARQ feedback for SL repetition transmission or blind retransmission needs to be supported to assure the reliability and latency requirements, and especially blind retransmissions help with this. Feedback resources, AGC time and Tx/Rx switching time can be reduced by not always requiring HARQ feedback per slot. The repetition number or blind retransmission number for SL should be configurable to adapt to different channel conditions and different latency and reliability requirements. Therefore, both blind transmission and retransmission based on HARQ feedback are supported by the reservation of multiple transmissions of a single TB. In mode 1, the above two cases can be differentiated implicitly by whether the resource for reporting sidelink HARQ ACK/NACK  from Tx UE to gNB is allocated in the DCI. That means if there is resource for sidelink HARQ ACK/NACK reporting indicated in DCI, the HARQ feedback is used, otherwise, blind transmission is used.

Proposal 1: Blind retransmission and HARQ retransmission are differentiated implicitly by the DCI containing an indication of the resource allocated for reporting sidelink HARQ ACK/NACK  from Tx UE to gNB.

In LTE, only the initial transmission and one retransmission are supported for a TB. However, to achieve the higher reliability in NR, time diversity and frequency diversity should be explored further. Considering the signaling overhead, the frequency hopping pattern can be obtained by a (pre-)configured rule implicitly. The maximum number of transmissions of a single TB should also be fixed by (pre-)configuration.

Proposal 2: The frequency hopping pattern can be obtained by a (pre-)configured rule. 
Proposal 3: The maximum number of (re-)transmissions of a single TB is fixed by (pre-)configuration.

Since UE-specific BWP is configured for sidelink communication, different resource pools within the SL BWP for a Tx UE may be overlapped with different Rx UEs. In order to support flexible Tx resource pool selection with a SL BWP for flexible communication between Tx UE and Rx UE, multiple Tx resource pools are configured by RRC signaling, and one Tx resource pool is indicated in DCI.
Proposal 4: Tx resource pool ID is indicated in DCI to support flexible Tx resource pool selection within a SL BWP.

UCI reporting procedure 

In NR-Uu, the PDSCH–to-HARQ-time-indicator field and PUCCH resource indicator field in DCI indicate the time and frequency resource for HARQ feedback, respectively. For sidelink HARQ ACK/NACK reporting from Tx UE to gNB, the PUCCH resource and related configuration method can be also reused from the consideration of uniform design and spectrum efficiency. Since all of the resources for HARQ feedback are allocated by gNB, no matter for Uu or sidelink, thus gNB can differentiate the PUCCH resource to be used for feedback from Uu and sidelink.

In addition, multiplexing the sidelink HARQ report with Uu link UCI transmission should be supported. Both dedicated resources for SL HARQ feedback, and joint transmission with Uu link UCI transmission need to be supported.
Proposal 5: For the sidelink HARQ ACK/NACK report from transmitter UE to gNB, both dedicated resources and joint transmission with Uu link UCI transmission need to be supported.

For the time interval between receiving a dynamic grant and reporting the sidelink HARQ ACK/NACK from Tx UE to gNB, the following procedure is observed in Figure 1. At first, Tx-UE receives a dynamic grant from gNB, then transmits PSCCH and PSSCH in the associated resource after the duration T_1. After that, Rx-UE reports sidelink HARQ feedback to Tx-UE at the end of interval T_2. Finally, Tx-UE forwards the sidelink HARQ feedback to gNB after the time duration of T_3.
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Figure 1. sidelink SL HARQ timeline

Among the three time durations, T_2 is determined by the sidelink PSFCH resource configuration parameters N and K. Here N denotes the period of PSFCH resource, K refers to the minimum gap until HARQ feedback is transmitted. T_1 is indicated in DCI by gNB. In LTE-V2X, T_1 and related procedure is indicated by the following way: 

· 

If the UE receives in subframe  DCI format 5A with the CRC scrambled by the SL-V-RNTI, one transmission of PSCCH is in the PSCCH resource  in the first subframe that is included in  and that starts not earlier than .
· The set of subframes that may belong to a PSSCH resource pool for sidelink transmission mode 3 or 4 is denoted by   where
· 
· the subframe index is relative to subframe#0 of the radio frame corresponding to SFN 0 of the serving cell or DFN 0
· the set includes all the subframes except the following subframes, 
· subframes in which SLSS resource is configured
· downlink subframes and special subframes if the sidelink transmission occurs in a TDD cell
· reserved subframes 
· The subframes are arranged in increasing order of subframe index 
· The value m is indicated by ‘Subframe offset’ field in the corresponding DCI format 5A according to Table -14.2.1-1 if this field is present and m=0 otherwise
· Table 14.2.1-1: Mapping of DCI format 5A offset field to indicated value m
	SL index field in DCI format 5A
	Indicated value m


	00
	0

	01
	1

	10
	2

	11
	3



For NR-V2X, since the flexible sub-carrier spacing is supported, the set of slots for PSCCH resource pool would be according to a definition such as:
· The set of slots  that may belong to a PSSCH resource pool for sidelink transmission mode 1 or 2 is denoted by:
·  ,    means the number of slots for each slot for each subframe under different SCS
· the set includes all the slots except the following slot:
· downlink slots if the sidelink transmission occurs in a TDD cell
· Reserved slots 
· The remaining slots are arranged in increasing order of slot index 

The duration in LTE-V2X contains TA adjustment, decoding of DCI, and preparing time at Tx UE before transmission. The parameter ‘4’ in the equation is determined due the UE capability in LTE-V2X, however, the configuration can be more flexible for NR. Considering the signaling overhead, a compact parameter is needed in DCI to indicate configuration of ‘4+m’. 

For duration of T_3, a new field of PSFCH-to-HARQ_feedback timing indicator should be added in DCI, which has a similar function with PDSCH-to-HARQ_feedback timing indicator in NR Uu, but accounts for the interval between receiving the HARQ feedback from Rx UE and reporting the sidelink HARQ feedback to gNB. In contrast, PDSCH–to-HARQ-time-indicator in NR-Uu denotes the interval between receiving DCI from gNB and reporting HARQ feedback to gNB. 

Proposal 6:  DCI contains a field to indicate the duration between receiving a dynamic grant and transmitting PSSCH and PSCCH.

Proposal 7: DCI contains a field to indicate the time interval between receiving PSFCH and transmitting sidelink HARQ feedback from transmitter UE to gNB. 

In addition  to time resource, the frequency resource is indicated by the similar field of PUCCH-SL resource indicator in NR-Uu.

Proposal 8: DCI contains a field of PUCCH-SL resource indicator to indicate the PUCCH frequency resource for sidelink HARQ feedback.

To maintain a uniform design as well as provide more information for link adaption, sidelink HARQ ACK/NACK feedback should be always reported to gNB no matter the dynamic grant indicates one or multiple transmissions of a single TB. The procedure is shown in Figure 2. Furthermore, HARQ related information should be known at both gNB and Tx UE so that gNB can adjust the retransmission resource based on the previous transmission. 


[image: ]

Figure 2. sidelink HARQ feedback procedure

Proposal 9: The sidelink HARQ ACK/NACK feedback is always reported from Tx UE to gNB, i.e. not depending on whether the dynamic grant indicates one or multiple transmissions of a single TB.

Additionally, it is not necessary for DCI to explicitly convey the cast-type indicator, since UE can implicitly determine the received sidelink grant is for unicast/groupcast or broadcast by looking at HARQ-related information in DCI. If the resource allocation for reporting sidelink HARQ ACK/NACK from Tx UE to gNB is carried in DCI, it is the unicast/groupcast; otherwise, it is the broadcast.

Proposal 10: The cast-type is implicitly determined by DCI containing an indication of the resource allocated for reporting sidelink HARQ ACK/NACK from Tx UE to gNB.

DCI format 
[bookmark: _Ref4075800]In LTE-V2X, DCI format 5A is used for scheduling PSSCH and PSCCH transmission, as shown in Table 2.

Table 2. LTE DCI format 5A contents.
	Field
	Size

	Carrier indicator
	3 bits

	Lowest index of the subchannel allocation to the initial transmission
	
< 5 bits 
(for up to 20 sub-channels)

	SCI format 1 field - Frequency resource location of initial transmission and retransmission
	
< 8 bits 
(for up to 20 sub-channels)

	SCI format 1 field - Time gap between initial transmission and retransmission
	4 bits

	SL index (for TDD configuration 0-6)
	2 bits

	SL SPS configuration index (for SPS only)
	3 bits

	Activation/release indication (for SPS only)
	1 bit



In NR-Uu, two formats DCI 0-0 and DCI 0-1 as shown in Table 3 are defined for scheduling of PUSCH.
[bookmark: _Ref4139403]Table 3. NR DCI contents for formats 0-0 and 0-1.
	Field
	Format 0-0
	Format 0-1

	Identifier
	
	1 bit
	1 bit

	Resource information
	CFI
	–
	0 or 3 bits

	
	UL/SUL
	0 or 1 bit
	0 or 1 bit

	
	BWP indicator
	–
	0-2 bits

	
	Freq.-domain allocation
	Variable (only type 1)
	variable

	
	Time-domain allocation
	0-4 bits
	0-4 bits

	
	Frequency hopping
	0 or 1 bit
	0 or 1 bit

	TB-related
	MCS
	5 bits
	5 bits

	
	NDI
	1 bit
	1 bit

	
	RV
	2 bis
	2 bis

	HARQ-related
	Process number
	4 bits
	4 bits

	
	DAI
	–
	1-4 bits

	
	CBGTI
	–
	0, 2, 4, or 6 bits

	Multi-antenna related
	DMRS sequence initialization
	–
	1 bit

	
	Antenna ports
	–
	2-5 bits

	
	SRI
	–
	Variable

	
	Precoding information
	–
	0-6 bits

	
	PTRS-DMRS assoc.
	–
	0 or 2 bits

	
	SRS request
	–
	2 bits

	
	CSI request
	–
	0-6 bits

	Power control
	PUSCH power control
	2 bits
	2 bits

	
	Beta offset
	–
	0 or 2 bits



In NR-V2X, the sidelink scheduling DCI will need to have additional fields compared to LTE-V2X due to the new features such multiple transmission of a single TB or sidelink HARQ reporting from TxUE to gNB. Since neither the current NR-Uu DCI formats nor LTE DCI format 5A can provide complete information for scheduling NR-V2X, a new DCI format is needed to convey dynamic grants and configured grant type-2. The dynamic grant and configured grant type-2 DCIs are conveniently distinguished by different RNTIs. The detailed DCI contents are shown as following:
· Resource pool indicator: indicate a dedicated Tx resource pool
· Resource indicator: indicate the time and frequency resource
· PUCCH resource for reporting sidelink HARQ ACK/NACK feedback: 
· PSFCH-to-HARQ_feedback timing indicator: indicate the time interval between receiving the HARQ feedback from Rx UE and reporting the sidelink HARQ feedback to gNB
· PUCCH-SL resource indicator: indicate sidelink HARQ feedback frequency resource on PUCCH
· HARQ related information:
· HARQ process number
· NDI
· RV
· SAI (sidelink assignment index, similar with DAI)
· SL SPS configuration index (for SPS only)
· Activation/release indication (for SPS only)
Proposal 11: A new DCI format is needed to convey dynamic grants and configured grant type-2.
[bookmark: _GoBack]Proposal 12: The new DCI format is distinguished by different RNTIs for dynamic grant vs. configured grant type-2.

Conclusions
In this contribution, UCI and related procedure for sidelink HARQ ACK/NACK report from Tx UE to gNB as well as DCI format are presented. Based on the discussion, we make the following observations:
Proposal 1: Blind retransmission and HARQ retransmission are differentiated implicitly by the DCI containing an indication of the resource allocated for reporting sidelink HARQ ACK/NACK  from Tx UE to gNB.
Proposal 2: The frequency hopping pattern can be obtained by a (pre-)configured rule. 
Proposal 3: The maximum number of (re-)transmissions of a single TB is fixed by (pre-)configuration.
Proposal 4: Tx resource pool ID is indicated in DCI to support flexible Tx resource pool selection within a SL BWP.
Proposal 5: For the sidelink HARQ ACK/NACK report from transmitter UE to gNB, both dedicated resources and joint transmission with Uu link UCI transmission need to be supported.
Proposal 6:  DCI contains a field to indicate the duration between receiving a dynamic grant and transmitting PSSCH and PSCCH.
Proposal 7: DCI contains a field to indicate the time interval between receiving PSFCH and transmitting sidelink HARQ feedback from transmitter UE to gNB. 
Proposal 8: DCI contains a field of PUCCH-SL resource indicator to indicate the PUCCH frequency resource for sidelink HARQ feedback.
Proposal 9: The sidelink HARQ ACK/NACK feedback is always reported from Tx UE to gNB, i.e. not depending on whether the dynamic grant indicates one or multiple transmissions of a single TB.
Proposal 10: The cast-type is implicitly determined by DCI containing an indication of the resource allocated for reporting sidelink HARQ ACK/NACK from Tx UE to gNB.
Proposal 11: A new DCI format is needed to convey dynamic grants and configured grant type-2.
Proposal 12: The new DCI format is distinguished by different RNTIs for dynamic grant vs. configured grant type-2.
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