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1 [bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _Ref129681832]Introduction
At RAN1#100-e the framework of resource allocation for NR V2X mode 1 was agreed [1]. In this paper, we discuss the remaining details of sidelink resource allocation for mode 1, including the procedure for reporting HARQ-ACK on uplink, the details of resource configuration for dynamic grants and configured grants, etc.
2 Mode 1 resource allocation
2.1 General aspects
[bookmark: _GoBack]2.1.1 Determination the slots for configured grant type 1
In RAN1#100-e, the following proposal is made for the determination of slots for configured grant type 1, where the asynchronized case of sidelink carrier and Uu carrier is considered:
Proposal: The slot of the first sidelink transmissions of CG type-1 is the first SL slot of the corresponding resource pool that starts not earlier than Toffset = TSFN + Timingof { timeDomainOffset + N0 × periodicity } – TTA / 2, where
· TSFN is the time of the most recent instance of SFN=0.
· In the calculation, timeDomainOffset to DL SFN=0 and periodicity are counted with SL logical slots within the resource pool that the CG is associated to. 
· Tiimingof {X} means the timing of slot X
· TTA is the timing advance value 
· N0 is the smallest integer satisfying that Toffset is not earlier than the timing of configuring the grant type1.
· periodicity is the configured periodicity of the configured grant type 1.
· FFS whether an additional term T_delay is added to the sum and how it is determined (e.g.,  (pre-)configured, etc.)
NOTE: all terms in the sum are expressed in the same time units.
For this proposal,  the following issues need to be clarified further:
· Considering the multiple periodic resources provided by configured grant, the sidelink transmssion resources for each period should be defined.
· As with the configuration for Uu configured grant, the perdiocity of the configured grant should be   physical time unit. 
· The defination of N0 is based on the assumption that the timing of timeDomainOffset is earlier than the timing of configuring the grant type1. Normally, the gNB will not configure one configured grant earlier than the current timing, the assumption here is unreasonable.    
· The notation that Timingof {X} means the timing of slot X is not clear, since one slot would last one duration of time, which timing for slot X should be clarified further.
 To slove the propsoed issues above, the following determination should be supported: 
After a sidelink configured grant type 1 is configured by the higher layer parameters SL-configuredGrantConfig, the transmssion recurs as follows:
· (numberOfSlotsPerFrame × SFN + slot number in the frame) =
 (timeDomainOffset + N × periodicity × numberOfSlotsPerFrame / 10) modulo (1024 × numberOfSlotsPerFrame), for all N >= 0.
where “numberOfSlotsPerFrame × SFN + slot number in the frame” is the Uu starting slot index for each period of the configured grant, numberOfSlotsPerFrame refers to the number of consecutive slots per frame as specified in TS 38.211 [2], timeDomainOffset and periodicity are provided by higher layer parameters  sl-PeriodCG and sl-TimeOffsetCG-Type1, respectively, and N is an integer. For each corresponding starting Uu slot index corresponding to N, the SL slots of the configured grant is the first SL slot of the resource pool that starts not earlier than  , where  is the starting time of the downlink slot corresponding to the N-th starting Uu slot index,  is the timing advance value at the time of the corresponding downlink Uu slot.For LTE Uu scheduling NR sidelink, the slot of the first sidelink transmission is determined as the same way as for sidelink configured grant type-1 when NR Uu schedules NR Sidelink.
Proposal 1: For each corresponding starting Uu slot index corresponding to N, the SL slots of the configured grant is the first SL slot of the resource pool that starts not earlier than  , where   is the starting time of the downlink slot corresponding to the N-th starting Uu slot index,  is the timing advance value at the time of the corresponding downlink Uu slot.
A proposed text for this correction is provided as follows for Section 8.1.2.1 of TS 38.214[5].
--------------------------------- Start of Text Proposal for TS 38.214 -----------------
<Unchanged parts omitted>
8.1.2.1 	 Resource allocation in time domain
<Unchanged parts omitted>
-	For sidelink configured grant type 1:
For each corresponding starting Uu slot index corresponding to N in TS 38.321, the SL slots of the configured grant is the first SL slot of the resource pool that starts not earlier than  , where  is the starting time of the downlink slot corresponding to the N-th starting Uu slot index,  is the timing advance value at the time of the corresponding downlink Uu slot.
<Unchanged parts omitted>
------------------------------------End of Text Proposal -------------------------------

2.1.2 PSSCH transmission resource
In section 8.1.2 of TS 38.214, the procedure of PSSCH resource allocation for dynamic grant, configured grant type 1and configured type -2 is provided. For dynamic grant, the PSSCH resource is indicated by DCI format 3_0. For configured grant type 1, the higher layer parameters configure the resource for PSSCH transmission. As regards configured grant type 2, the PSSCH transmission is configured by the higher layer parameters and activated by DCI format 3_0. However, the detailed interpretation for the associated fields in DCI format 3_0 and the higher layer parameter SL-ConfiguredGrantConfig which specifies the configuration information is absent. 
For NR uplink configured grant, the following UE procedure is described in  [6.1, TS 38.214]:
“PUSCH transmission(s) can be dynamically scheduled by an UL grant in a DCI, or the transmission can correspond to a configured grant Type 1 or Type 2. The configured grant Type 1 PUSCH transmission is semi-statically configured to operate upon the reception of higher layer parameter of configuredGrantConfig including rrc-ConfiguredUplinkGrant without the detection of an UL grant in a DCI. The configured grant Type 2 PUSCH transmission is semi-persistently scheduled by an UL grant in a valid activation DCI according to Subclause 10.2 of [6, TS 38.213] after the reception of higher layer parameter configuredGrantConfig not including rrc-ConfiguredUplinkGrant.”
Therefore, similar description should be described for SL configured grant 
To complete the contents for this part, the following explanation in the proposed TP is needed. Otherwise, it is still not clear when and which resources UE can use to transmit SL transmissions.
Proposal 2: The interpretation of the associated fields in DCI for the transmission PSSCH for dynamic grant and configured grant type -2 is needed 
Proposal 3: The interpretation of the higher layer parameter which specifies the PSSCH transmission resource for configured grant type -1 is needed according to the following TP.
A proposed text for this correction is provided as follows for Section 8.1.2 of TS 38.214[5].
---------------------------------- Start of Text Proposal for TS 38.214------------------
<Unchanged parts omitted>
8.1.2	Resource allocation
In sidelink resource allocation mode 1:
-	for PSSCH and PSCCH transmission, dynamic grant, configured grant type 1 and configured grant type 2 are supported.
· PSSCH transmission(s) can be dynamically scheduled by a sidelink grant in a DCI, or the transmission can correspond to a configured grant Type 1 or Type 2. The configured grant Type 1 PSSCH transmission is semi-statically configured to operate upon the reception of higher layer parameter of SL-ConfiguredGrantConfig including rrc-ConfiguredSidelinkGrant without the detection of a sidelink grant in a DCI. The configured grant Type 2 PSSCH transmission is semi-persistently scheduled by a sidelink grant in a valid activation DCI according to Subclause [TBD] of [TS 38.213] after the reception of higher layer parameter SL-ConfiguredGrantConfig not including rrc-ConfiguredSidelinkGrant.”
8.1.2.1 	 Resource allocation in time domain
<Unchanged parts omitted>
In sidelink resource allocation mode 1:
-	For sidelink dynamic grant, the PSSCH transmission is scheduled by a DCI format 3_0. 
-	For sidelink configured grant type 2, the configured grant is activated by a DCI format 3_0. 
-	For sidelink dynamic grant and sidelink configured grant type 2:
<Unchanged parts omitted>
· The time resource for initial transmission is determined by the “time gap” field in DCI. The reserved time resource is indicated by “time resource assignment” field in DCI, and the value of this field is equal to the TRIV defined in section 8.1.5 of TS 38.214. The time offsets  and  are determined by the definition of TRIV in section 8.1.5 of TS 38.214. If the first time resource is in slot , the second time resource and the third time resource, if provided, are in slot  and slot , respectively.
-	For sidelink configured grant type 1:
-	The slot of the first sidelink transmissions follows the higher layer configuration according to [10, TS 38.321].
When PSSCH resource allocation is configured by higher layer parameter SL-configuredGrantConfig, the following higher layer parameters which use the same format in DCI are applied in the transmission:
· The higher layer parameter sl-TimeOffsetCG-Type1 with the units of slots indicates the time offset relative to SFN=0 for the initial transmission. The reserved time resource is configured by the higher layer parameter TimeResourceCG-Type1, and the value of this higher layer parameter is equal to the TRIV defined in section 8.1.5 of TS 38.214. The time offsets are determined by the definition of TRIV in section 8.1.5 of TS 38.214. If the first time resource is in slot  , the second time resource and the third time resource, if provided, are in slot and slot , respectively.
<Unchanged parts omitted>
8.1.2.2 	 Resource allocation in frequency domain
<Unchanged parts omitted>
The resource allocation unit in the frequency domain is the sub-channel.
The sub-channel assignment for sidelink transmission is determined using the “Frequency resource assignment” field in the associated SCI.
-	For sidelink dynamic grant and sidelink configured grant type 2:
-	The starting sub-channel index for initial transmission is equal to the value of the “Lowest index of the subchannel allocation to the initial transmission” field in DCI. The reserved frequency resource is indicated by “frequency resource assignment” field in DCI, and the value of this field is equal to the FRIV defined in section 8.1.5 of TS 38.214.  The starting sub-channel indexes (for higher layer parameter maxNumResource=2;  and    for higher layer parameter maxNumResource=3) and the length of the contiguously allocated sub-channels () are determined by the definition of FRIV in section 8.1.5 of TS 38.214.
-	For sidelink configured grant type 1:
When PSSCH resource allocation is configured by higher layer parameter SL-configuredGrantConfig, the following higher layer parameters which use the same format in DCI are applied in the transmission:
· The higher layer parameter sl-StartSubchannelCG-Type1 indicates the starting sub-channel index in the configured resource pool for the initial transmission. The reserved frequency resource is configured by the higher layer parameter FrequencyResourceCG-Type1, and the value of this higher layer parameter is equal to the FRIV defined in section 8.1.5 of TS 38.214.The starting sub-channel indexes ( for higher layer parameter maxNumResource=2;  and    for higher layer parameter maxNumResource=3) and the length of the contiguously allocated sub-channels  () are determined by the definition of FRIV in section 8.1.5 of TS 38.214.
The lowest sub-channel for sidelink transmission is the sub-channel on which the lowest PRB of the associated PSCCH is transmitted.
If a PSSCH scheduled by a PSCCH would overlap with resources containing the PSCCH, the resources corresponding to a union of the PSCCH that scheduled the PSSCH and associated PSCCH DM-RS are not available for the PSSCH.
<Unchanged parts omitted>
------------------------------------End of Text Proposal -------------------------------

2.1.3 Early termination
In RAN1#96b, it was agreed that “a dynamic grant provides resources for one or multiple sidelink transmissions of a single TB”. In case of multiple sidelink transmissions, it is natural to allow the transmission to occur in non-consecutive slots to mitigate the half-duplex constraint. In this case, each transmission may be associated with its own PSFCH channel for feedback transmission if enabled. Similar to Mode 2 operation, if an ACK is received before the last transmission, UE can terminate the transmission early and not use the remaining resource for the retransmission, which can be saved for scheduling other UEs. 

Proposal 4:  When dynamic grant provides multiple sidelink transmission resources for a single TB and HARQ feedback is enabled, early termination based on HARQ-ACK should be supported.

2.2 General HARQ aspects
2.2.1 Retransmission for configured grant
In RAN#100bis, the following agreements are made:
Agreements:
· Only one new TB can be transmitted in one period of the configured grant.
· FFS any issue with retransmission spanning multiple periods

Assume a new TB is generated during a periodicity of the configured grant, if it begins initial transmission on the next starting time resource of the configured grant, and the retransmissions happen on the transmission resource configured by higher layer parameter SL-ConfiguredGrantConfig within one period of the configured grant, the resources provided by the configured grant would be utilized sufficiently. 
According to the following agreements in RAN#99:
Agreements:
· To provide additional resources for retransmission upon receiving a SL NACK report, a dynamic grant is used.
· When the initial transmission of a TB is scheduled by a configured grant (type-1 or type-2), the CRC of the DCI carrying the dynamic grant is scrambled using the SL RNTI introduced for DCI for a configured grant type-2.
· For interpretation of NDI, the Uu behavior for retransmission scheduled by DCI with CRC scrambled by CS-RNTI is reused.
· (working assumption) The HARQ ID is used to identify the TB for which resources for retransmission are provided (subject to the indication of re-transmission via NDI)
This provides that, if SL NACK is reported to gNB on a PUCCH after the last resource of the configured grant, a dynamic grant can be used to provide the retransmission resource for that TB. 
If the first time at which a re-transmission can occur is the first resource in the next period of a CG, the latency requirement for that TB would not be met due to that the interval between the two sets of resource is generally larger than the latency bound. Moreover, the latency of a TB generated during the next period would also be affected by being delayed due to the need to re-transmit the current TB. The retransmission performed across the multiple set of resources could introduce the queue blocking among the multiple TBs and have an onward effect on the latency requirements of several TBs, unless the period of the configured grant is much smaller than the period of the traffic, but the resource efficiency would be decreased heavily in that case at times when the CG is configured but has lighter traffic demand. . 
The issue of resource efficiency can be observed in Figure 1, where the periodicity of TB is larger than the PDB for each TB. Although the retransmission cross CG periods can be guaranteed by configuring the CG with smaller period, the wasted CG resources due to the gap between the periodicity of TB and CG still cannot be avoided.  
[image: ]
Figure 1: the retransmission resource for configured grant

Moreover, the mapping between the HARQ process ID in DCI and SCI needs to be managed. For configured grant, the HARQ process ID is associated with the starting time of resources in each periods and it can be repeated after modulo operation. If one TB can be transmitted cross multiple SL CG periods, the HARQ process ID in SCI will correspond to multiple HARQ process IDs in DCI. Considering the number of re-transmission for each TB would be variable, the mapping between the HARQ process ID in DCI and SCI would also be variable accordingly. Therefore, the following agreements achieved in RAN1 #100-e that the mapping with the values of HPN in SCI is fixed for a TB will be violated. 
For uplink configured grant, the retransmission spanning multiple periods is also not supported. Please refer to clause 6.1.2.3 in TS 38.214 [5]:
For any RV sequence, the repetitions shall be terminated after transmitting K nominal repetitions, or at the last transmission occasion among the K nominal repetitions within the period P, or from the starting symbol of a repetition that overlaps with a PUSCH with the same HARQ process scheduled by DCI format 0_0, 0_1 or 0_2, whichever is reached first. The UE is not expected to be configured with the time duration for the transmission of K nominal repetitions larger than the time duration derived by the periodicity P.
An illustration of the retransmission on sidelink configured grant can be shown in Figure 2. 
Agreements:
· The HARQ process ID for each transmission in a resource corresponding to a SL configured grant is determined based on the formula used for UL configured grants. 
· The mapping with the values of HPN in SCI is fixed for a TB, and is up to UE implementation.
[image: ]
Figure 2: the retransmission resource for configured grant 
Proposal 5: For sidelink configured grant, retransmission on the configured grants which crosses multiple periods is not supported. 
A proposed text for this correction is provided as follows for Section 8.1.2 of TS 38.214[5].

--------------------------------- Start of Text Proposal for TS 38.214------------------
<Unchanged parts omitted>
8.1.2	Resource allocation
In sidelink resource allocation mode 1:
-	for PSSCH and PSCCH transmission, dynamic grant, configured grant type 1 and configured grant type 2 are supported.
· A configured grant (type-1, type-2) provides a set of resources in a periodic manner for multiple sidelink transmissions, only one new TB can be transmitted within one period of a given configured grant.
<Unchanged parts omitted>
------------------------------------End of Text Proposal -------------------------------
In RAN#99, the following agreements are made:
Agreements:
· For configured grant, the maximum number of times that a TB can be retransmitted using the resources provided by the configured grant is configured per priority per configured grant.
Agreements:
· 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
To align with the PSSCH resource indication in DCI for dynamic grant and configured grant type 2, the current higher layer parameters SL-ConfiguredGrantConfig  for configured grant type 1 can only provide threes resources at the most. When the maximum number of times (configured by higher layer parameter sl-MaxTransNum with the range of [1,32]) that a TB can be transmitted using the resources provided by the configured grant is larger than three, the existing higher-layer parameters for resource indication cannot cover the remaining the resources. 
To solve the problem above, a new higher layer parameter which indicates the interval between the groups of resources configured by the existing higher layer parameters should be added in SL-ConfiguredGrantConfig information element in [TS 38.331]. An illustration of the interval between the resources configured by SL-configuredGrantConfig when the maximum number of times sl-MaxTransNum is equal to 9  is shown in Figure 1.
[image: ]
Figure 1: the proposed interval for sl-MaxTransNum=9 

Proposal 6: The higher layer parameter which indicates the interval between the groups of resources configured by the existing higher layer parameters in SL-ConfiguredGrantConfig is needed.

2.2.2 HARQ process ID for configured grant
Agreements:
· The mapping between the values of HPN signaled in DCI and HPN signaled in SCI is fixed for a TB, and is up to UE implementation.
· For dynamic grant, the toggling of NDI in DCI is used as the toggling of NDI in SCI for the first SL transmission scheduled by the DCI. The SCI for the remaining transmissions scheduled by the DCI, if any, have the NDI untoggled with respect to the first SL transmission.
· FFS NDI in SCI for PUCCH ACK-NACK error cases

Agreements:
· The HARQ process ID for each transmission in a resource corresponding to a SL configured grant is determined based on the formula used for UL configured grants. 
· The mapping with the values of HPN in SCI is fixed for a TB, and is up to UE implementation.
In RAN1#100-e, although there is already the agreements that the mapping between the values of HPN signaled in DCI or derived from configuration of configured grant and HPN signaled in SCI is fixed for a TB, the associated TP did not capture the fixed relationship.
 A proposed text for this correction is provided in the as follows for Section 16.4 of TS 38.213[4],
--------------------------- --- Start of Text Proposal for TS 38.213---------------------
<Unchanged parts omitted>
16.4 	UE procedure for transmitting PSCCH
<Unchanged parts omitted>
A UE can be provided a number of symbols in a resource pool, by timeResourcePSCCH, starting from a second symbol that is available for SL transmissions in a slot, and a number of PRBs in the resource pool, by frequencyResourcePSCCH, for a PSCCH transmission with a SCI format 0_1.
A UE transmitting a PSCCH using Mode-1 shall set the contents of SCI format 0_1 as follows: 
· the UE shall set value of the HARQ process ID field as indicated by higher layers.
· the mapping between the values of HPN signaled in DCI or derived from configuration of configured grant and HPN signaled in SCI is fixed
<Unchanged parts omitted>
------------------------------------End of Text Proposal -------------------------------

In addition, the time domain resource of the sidelink configured grant is based on slot granularity, but the HARQ process ID formula for UL configured grant is based on symbol level. In UL, the periodicity can be less than a slot which is why symbols are being used. Since is no such issue in sidelink so there is no valid reason for using symbols in SL which would make the formula more complicated than necessary. Hence the HARQ process ID for the sidelink configured grant can refer the formulation in downlink semi-persistent transmission as follow: 
HARQ Process ID = [floor (CURRENT_slot × 10 / (numberOfSlotsPerFrame × periodicity))] modulo nrofHARQ-Processes
where CURRENT_slot = [(SFN × numberOfSlotsPerFrame) + slot number in the frame], SFN and slot number in the frame are determined by the each transmission resource of the sidelink configured grant.
Proposal 7: The determination of SL HARQ process ID for sidelink configured grant should be based on slot level as the method in NR-downlink semi-persistent transmission. 
2.3 DCI format  
2.3.1 DCI contents

In RAN1 #94b, the following agreements are made:
Agreements:
· At least resource pool is supported for NR sidelink
· Resource pool is a set of time and frequency resources that can be used for sidelink transmission and/or reception.
· FFS whether a resource pool consists of contiguous resources in time and/or frequency.
· A resource pool is inside the RF bandwidth of the UE.
· FFS how gNB and other UEs know the RF bandwidth of the UE
· FFS if BWP (if defined) can be used to in defining at least part of resource pool
· FFS if the numerology of a resource pool is indicated as a part of (pre-)configuration for resource pool, carrier, band, or BWP (if defined)
· UE assumes a single numerology in using a resource pool.
· Multiple resource pools can be configured to a single UE in a given carrier.
· FFS how to use multiple resource pools when (pre-) configured.

To support the agreement that multiple resource pools can be configured for a single UE, TS 38.331 provides ASN.1 for up to 8 transmission resource pool configurations for a UE. Since the scheduling information such as the starting sub-channel index provided by the “frequency resource assignment” in DCI is with respect to a single resource pool only,  it is necessary to indicate to a UE which resource pool is scheduled by the DCI to transmit SL. The associated field “resource pool index” should be indicated in DCI format 3-0.
Proposal 8: DCI format 3_0 includes a field “resource pool index” to support flexible Tx resource pool selection. 
For the agreement that NR supports multiplexing SL HARQ-ACKs in a single PUCCH resource, the field “sidelink assignment index” (SAI) which is corresponding to the field “downlink assignment index” (DAI) in NR-Uu is needed in DCI format 3_0 for sidelink. This field can avoid the drawback of missing the DCI when transmitter UE determines the dynamic SL HARQ codebook to feedback on PUCCH. The missed DCI can be inferred from the value of SAI in the successfully received DCI, then NACK is generated for the corresponding bit of the HARQ codebook. 
Similar with DAI field in NR-Uu, the SAI field can also further split into two parts, a counter SAI (cSAI) and a total SAI (tSAI). The counter SAI included in the DCI indicates the number of scheduled sidelink transmissions up to the point the DCI was received in a carrier first, time second manner. The total SAI included in the DCI indicates the total number of sidelink transmissions across all carriers up to this point in time.
Proposal 9: DCI format 3_0 includes a field “sidelink assignment index” to support SL HARQ-ACK multiplexing on PUCCH, which includes a counter SAI and total SAI.
For the time offset m indicated by the field “SL index” in DCI format 5A in LTE-V2X, 2 bits are used for 15 kHz-only SCS, indicating a value from {0, 1, 2, 3}. For NR-V2X, the corresponding field is renamed as “time gap”. Since multiple SCS are supported in NR, for SCS larger than 15 kHz, more bits are necessary in NR DCI format 3_0. However, taken into account DCI overhead, 3 bits can be considered for DCI format 3-0, indicating a value from {0, 1, 2, 3, 4, 5, 6, 7,}, i.e. a simple extension of LTE-V DCI format 5A. 
Proposal 10: {0, 1, 2, 3, 4, 5, 6, 7} are used for indicating the time gap between DCI format 3_0 and scheduled PSSCH.  

A proposed text for this correction is provided in the as follows for Section 7.3.1.4.1 of TS 38.212[3], and the procedures for SAI interpretation are included in the TP beneath Proposal 1.
------------------------------ Start of Text Proposal for TS 38.212----------------------
<Unchanged parts omitted>
7.3.1.4.1	    Format 3_0
<Unchanged parts omitted>
The following information is transmitted by means of the DCI format 3_0 with CRC scrambled by SL-RNTI or SL-CS-RNTI: 
<Unchanged parts omitted>
-	Time gap – [3x] bits determined by higher layer parameter timeGapFirstSidelinkTransmission, as defined in clause 8.1.2x.x.x of [6, TS 38.214]
-	Resource pool index – 3 bit as defined in clause x.x.x of [6, TS 38.214]
-	Sidelink assignment index – number of bits as defined according to downlink assignment index in clause 7.3.1.2 1
<Unchanged parts omitted>
------------------------------------End of Text Proposal -------------------------------
2.3.2 Alignments of DCI contents
As we point out in [NRV10], it has already been agreed that the method for aligning DCI format 3_0 size to a Uu size is to assume the gNB will avoid scheduling a Uu DCI and SL DCI together, and thus avoid exceeding the blind decoding budget, and hence not to align the 3_0 size as such. It has also been agreed (in RAN1#100-e) that the same method as for format 3_0 is used to align the size of format 3_1, when 3_0 is not configured. Thus it assumed that gNB will also handle the scheduling of format 3_1 to avoid exceeding the budget, and the agreements mean that no explicit size alignment is needed.
Proposal 11: The size of DCI format 3_1 can be aligned to the size of DCI format 3_0 and has no need to align with another DCI format size.

2.4 Reporting HARQ-ACK on uplink
For the procedure of reporting SL HARQ-ACK on PUCCH, the contents in section [16.5 TS 38.213] is not complete so far.
2.4.1 Codebook design
 According to the agreements in the email approval in [98b-NR-13]:
Agreements:
· 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
· SL HARQ-ACK is reported in PUSCH when reporting in PUCCH overlaps with a PUSCH transmission. 
· The Rel-15 procedures and signaling for multiplexing DL HARQ-ACKs in PUSCH are reutilized.
 The multiplexing of SL HARQ-ACKs in PUCCH resource is supported, and the procedures in Rel-15 for determining the HARQ codebook and multiplexing DL HARQ-ACKs are reutilized, thus Section 16.5 of TS 38.213 should be revised according to section 9 of TS 38.213. The following sub-clause should be added with necessary notation changes for SL:  
· 16.5.1 for HARQ-ACK codebook determination
· 16.5.2 HARQ-ACK reporting in PUCCH 
· 16.5.2.1 PUCCH Resource Sets
In the added sub-clause 16.5.1, HARQ-ACK codebook determination should be performed according to sub-clause [9.1 TS 38.213], with following changes:
- DCI format 1_0 or DCI format 1_1 is replaced by DCI format 3_0
- Notations  and "" are replaced by  and 
- PDSCH monitoring occasions are changed to PSFCH reception occasion
[bookmark: _Hlk508697304]- High layer parameter dl-DataToUL-ACK is replaced by sl-ACKToUL-ACK
- is modified as 
Furthermore, the Type-1 HARQ-ACK codebook should be determined based on the PSFCH reception occasion and follow the principles in subclause 9.1.2 of TS 38.213, the procedure to generate Type-1 HARQ-ACK codebook can be describes as below:
Step 1: A set of  values can be configured by high layers,  indicates the slot offset between PSFCH and PUCCH. 
Step 2: The slots without sidelink configuration should be excluded, i.e. DL slots, and UL/Flexible slot not configured for sidelink. 
Step 3: Preclude the sidelink slot without PSFCH resources.
Step 4: Generate HARQ-ACK information based on PSFCH within the occasion set derived in Step 3.
The reason to apply Step 3 is the PSFCH is configured periodically and not every sidelink slot contains PSFCH resources. If it applies to each SL slot to generate HARQ-ACK bits, the total payload would be quite large.  For example, if the PSFCH periodicity N is configured as 4. Only one slot out of 4 could have PSFCH resources, so the slots without PSFCH resources should be excluded. Another question is the periodicity N is configured for a resource pool and used as logical slot, but   is defined based on PUCCH slot which is a physical slot, so it is better to introduce an offset to map logical slot to physical slot that UE could find the exact slot index to monitor the PSFCH reception. 
In the added sub-clause 16.5.2.1, PUCCH resource set is determined according to sub-clause [9.2.1 TS 38.213], with following changes:
- The parameters "pucch-ResourceSet", "pucch-ResourceSetId", and "pucch-ResourceId" are replaced by "pucch-sl-ResourceSet", "pucch-sl-ResourceSetId", and "pucch-sl-ResourceId".

Proposal 12: To multiplex SL HARQ-ACKs in PUCCH resource, section [16.5 TS 38.213] should be revised according to section [9 TS 38.213]. 
Proposal 13:  The PSFCH reception occasions for determining the SL Type-1 HARQ-ACK codebook should be decided based on the tdd-UL-DL configuration, PSFCH periodicity and slot offset between physical slot and logical slot.
A proposed text for this correction is provided as follows for Section 16.5 of TS 38.213[4].
------------------------------ Start of Text Proposal for TS 38.213 ---------------------
<Unchanged parts omitted>
16.5 	UE procedure for reporting HARQ-ACK on uplink
<Unchanged parts omitted>
16.5.1 for HARQ-ACK codebook determination
HARQ-ACK codebook determination is performed according to sub-clause 9.1, with the following changes:
- DCI format 1_0 and DCI format 1_1 are replaced by DCI format 3_0.
- Notations  and "" are replaced by  and 

- PDSCH monitoring occasions are changed to PSFCH reception occasion
- High layer parameter dl-DataToUL-ACK is replaced by sl-ACKToUL-ACK
 - is modified as 
16.5.2 HARQ-ACK reporting in PUCCH 
16.5.2.1 PUCCH Resource Sets
A PUCCH resource set is determined according to sub-clause 9.2.1, with following changes:
- The parameters "pucch-ResourceSetId", "pucch-ResourceSetId", "pucch-Resource" and "pucch-ResourceId" are replaced by "pucch-sl-ResourceSetId", "pucch-sl-ResourceSetId", "pucch-sl-Resource" and "pucch-sl-ResourceId".
<Unchanged parts omitted>
------------------------------------End of Text Proposal -------------------------------

2.4.2 Collision with Uu UCI
In case of SL HARQ-ACK reporting on uplink collision with DL HARQ-ACK, a SL HARQ-ACK reporting on uplink can be endowed with a SL priority based on the corresponding PSFCH, i.e. the priority value in the SCI of the associated PSSCH. A DL HARQ on PUCCH or PUSCH could be endowed with a priority based on the corresponding PUCCH or PUSCH. Recall that in NR Uu, a priority index can be provided for a PUSCH or a PUCCH by a priority indicator field in the associated DCI (e.g., DCI format 0_1, DCI format 1_1, DCI format 0_2, and DCI format 1_2) or the associated configured grant. This priority index indicates whether the scheduled PUCCH/PUSCH is high or low priority in PHY prioritization/multiplexing handling procedure. Value 0 indicates low priority and value 1 indicates high priority. If a priority index is not provided, the priority index is 0. Please refer to clause 9 in TS 38.213 [4]: 
A PUSCH or a PUCCH, including repetitions if any, can be of priority index 0 or of priority index 1. If a priority index is not provided for a PUSCH or a PUCCH, the priority index is 0. … If, after resolving overlapping for PUCCH and/or PUSCH transmissions of a same priority index, a UE determines to transmit
-     a first PUCCH of larger priority index, a PUSCH or a second PUCCH of smaller priority index, and a transmission of the first PUCCH would overlap in time with a transmission of the PUSCH or the second PUCCH, the UE does not transmit the PUSCH or the second PUCCH
-     a PUSCH of larger priority index, a PUCCH of smaller priority index, and a transmission of the PUSCH would overlap in time with a transmission of the PUCCH, the UE does not transmit the PUCCH 
-     a first PUSCH of larger priority index on a serving cell, a second PUSCH of smaller priority index on the serving cell, and a transmission of the first PUSCH would overlap in time with a transmission of the second PUSCH, the UE does not transmit the second PUSCH, where at least one of the two PUSCH is not scheduled by a DCI format. 
Therefore, for prioritization between DL HARQ-ACK and SL HARQ-ACK reporting on PUCCH or PUSCH, DL HARQ-ACK can be prioritized if the priority index in the associated DCI or associated configured grant is “1”. If the priority index is “0”, LTE-V2X principle is reused, i.e., SL HARQ-ACK is prioritized if the priority value of the SL HARQ-ACK is smaller than a SL priority threshold. Otherwise, DL HARQ-ACK is prioritized.  
Proposal 14: A priority of a SL HARQ-ACK reporting on uplink is same as the priority of a corresponding PSFCH, i.e. the priority value in the SCI of the associated PSSCH.
· If more than one PSFCHs are multiplexed in one SL HARQ-ACK reporting on uplink, the smallest priority value of these PSFCHs is used.  
Proposal 15: For prioritization between SL HARQ-ACK and DL HARQ-ACK on a PUCCH or a PUSCH, SL HARQ-ACK is prioritized when the following conditions are met:
· if the value of priority index of the corresponding PUCCH or PUSCH as indicated by the Priority indicator field in the associated DCI or provided by the associated configured grant is 0 (or if a priority index is not provided); and
· if the highest priority of SL HARQ-ACK according to the priority field in the associated SCI is lower than the SL priority threshold. 
Otherwise DL HARQ-ACK is prioritized.


2.4.3 Determination of processing time of SL HARQ-ACK reporting to gNB 
In NR Uu, a PDSCH processing time  is used to confine the timing of DL HARQ-ACK feedback, a UE would not report HARQ-ACK information in a PUCCH starting earlier than  after the end of last PDSCH. The timing restriction guarantees the UE has enough time to decode PDSCHs and generate HARQ-ACK bits, which is determined by  and  as following:

 is a number of symbols determined according to UE processing capability, numerology and PDSCH mapping type and  is calculated based on PDSCH allocated symbols and location in a slot. 
Similarly, to guarantee the UE has enough time to process the PSFCH receptions and report SL HARQ-ACK information to gNB, a processing time from SL to UL, , should be defined as well. Unlike  in Uu, PSFCH format 0 is always transmitted at last two SL symbols of a slot (excluding the gap symbol in the end of the slot), no impacts will be introduced by PSFCH length and location to calculate the . Sequence-based design of PSFCH means DMRS are absent in the transmission and no needs to consider additional time due to multiple DMRS patterns for SL to UL HARQ-ACK processing time. Seeking for a uniform design in sidelink timing and bringing less UE implementation complexity, a single  is preferred in Rel-16 V2X design, but taking the subcarrier spacing into account. 
However, the challenge in sidelink is UE has to receive multiple PSFCHs simultaneously in a slot, this is caused by periodic PSFCH resource configuration and groupcast/multi-unicast HARQ-ACK feedback mechanism. Hence, in order to offer the sufficient time to handle the workload brought by large amount of PSFCH receptions, it is necessary to add extra time to . As explained in our companion contribution [7], a UE could support at most 32 or 64 PSFCH receptions in a slot based on its capability, so when UE receives more than 32 PSFCHs in a slot, 1 extra symbol is added for relaxing the SL to UL processing time.  Therefore, the processing time of SL HARQ-ACK reporting to gNB,  is decided by SCS and number of simultaneous PSFCH receptions
Proposal 16: The processing time of SL HARQ-ACK reporting to gNB is derived as:

·  is determined according to the subcarrier spacing configuration of  Table 1,which corresponds to the smallest one of .
·  is a value determined by the number of simultaneous  PSFCH receptions in the last PSFCH slot associated with the PUCCH according to Table 2 
Table 1．Processing time of SL HARQ-ACK reporting to gNB
	
	 [symbols]

	0
	14

	1
	18

	2
	28

	3
	32



Table 2. Additional symbols for simultaneous PSFCH receptions
	The number of simultaneous PSFCH receptions in the last PSFCH slot associated with PUCCH
	 [symbols]

	
	0

	
	1


A proposed text for this correction is provided as follows for Section 16.1.5 of TS 38.213[4].
---------------------------- Start of Text Proposal for TS 38.213------------------------
<Unchanged parts omitted>
16.5	 UE procedure for reporting HARQ-ACK on uplink
	<Unchanged parts omitted>	
With reference to slots for PUCCH transmissions and for a number of PSFCH reception occasions ending in slot , the UE provides the generated HARQ-ACK information in a PUCCH transmission within slot ,  subject to the overlapping conditions in Clause 9.2.5, where  is a number of slots indicated by a PSFCH-to-HARQ_feedback timing indicator field, if present, in a DCI format indicating a slot for PUCCH transmission to report the HARQ-ACK information, or  is provided by sl-ACKToUL-ACK.  corresponds to a last slot for a PUCCH transmission that would overlap with the last PSFCH reception occasion. The first symbol  of the PUCCH transmission within slot  is not before a symbol with CP starting after  after a last symbol of any corresponding PSFCHs, ,  is selected based on SCS configuration  from Table 16.5-1, where  corresponds to the smallest SCS configuration among the SCS configurations used for the PSFCH and PUCCH with corresponding HARQ-ACK transmission,  is selected based on the number of simultaneous PSFCH receptions in the last PSFCH slot associated with the PUCCH from Table 16.5-2.
Table 16.5-1 Processing time of SL HARQ-ACK reporting to gNB
	
	 [Symbols]

	0
	14

	1
	18

	2
	28

	3
	32



Table 16.5-2 Additional symbols for simultaneous PSFCH receptions
	The number of simultaneous PSFCH receptions in the last PSFCH slot associated with PUCCH
	 [symbols]

	
	0

	
	1



<Unchanged parts omitted>
-------------------------------------------End of Text Proposal -----------------------------
2.4.4 Incorrect use of “reception” for a Tx UE
In [16.5 TS 38.213], the PSSCH resource should be described in terms of the transmitter, but not the receiver as shown in the current version.
Proposal 17: The inaccurate description for PSSCH reception should be corrected.
A proposed text for this correction is provided as follows for Section 16.1.5 of TS 38.213[4].

-------------------------- Start of Text Proposal for TS 38.213--------------------------
<Unchanged parts omitted>
[bookmark: _Toc29894887][bookmark: _Toc29899186][bookmark: _Toc29899604][bookmark: _Toc29917340]16.5	 UE procedure for reporting HARQ-ACK on uplink
<Unchanged parts omitted>
For SL configured grant Type 1 or Type 2 PSSCH transmissions 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. 
<Unchanged parts omitted>
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 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 transmission 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.
<Unchanged parts omitted>
------------------------------------End of Text Proposal -------------------------------
2.4.5 Incorrect use of “multiplexing” 
Additionally, the emphasis of “multiplex” during the statement of reporting SL HARQ-ACK in PUCCH for SL configured grant Type 1 or Type 2 is unnecessary. Since the key point here is to generate one HARQ-ACK information bit for configured grant, it is redundant to introduce multiplexing and it would lead to ambiguity. The explanation for multiplexing should be independent from the description above.
Proposal 18: The redundant description for multiplexing which would lead to ambiguity should be corrected.
A proposed text for this correction is provided as follows for Section 16.5 of TS 38.213[4].
--------------------------- Start of Text Proposal for TS 38.213-------------------------
<Unchanged parts omitted>
16.5	 UE procedure for reporting HARQ-ACK on uplink
<Unchanged parts omitted>
For SL configured grant Type 1 or Type 2 PSSCH transmissions 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. 
<Unchanged parts omitted>
------------------------------------End of Text Proposal -------------------------------
2.4.6 PUCCH resource for configured grant type 1 
The description of PUCCH resource for configured grant type 1 is inaccurate. The higher layer parameter PUCCH-SL-Config is used to configure UE specific sidelink PUCCH resource, and the SL PUCCH resource for each configured grant is provided by the higher layer parameters sl-N1PUCCH-AN and sl-PSFCH-ToPUCCH in IE SL-ConfiguredGrantConfig. 
Proposal 19: The inaccurate description for PUCCH resource for configured grant type 1 should be corrected.
A proposed text for this correction is provided as follows for Section 16.1.5 of TS 38.213[4].

----------------------------- Start of Text Proposal for TS 38.213-----------------------
<Unchanged parts omitted>
16.5	 UE procedure for reporting HARQ-ACK on uplink
<Unchanged parts omitted>
For a PSSCH transmission reception by a UE that is scheduled by a DCI format, or for a SL configured grant Type 2 PSCCH transmission 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 transmission reception, a PUCCH resource can be provided PUCCH-SL-Configthe higher layer parameters sl-N1PUCCH-AN and sl-PSFCH-ToPUCCH in IE SL-ConfiguredGrantConfig. If a PUCCH resource is not provided, the UE does not transmit a PUCCH with generated HARQ-ACK information from PSFCH reception occasions.
<Unchanged parts omitted>
------------------------------------End of Text Proposal -------------------------------
3 Conclusions 
In this contribution, we discussed the resource allocation for NR V2X mode 1. We have the following observations and proposals: 
Proposal 1: For each corresponding starting Uu slot index corresponding to N, the SL slots of the configured grant is the first SL slot of the resource pool that starts not earlier than  , where  is the starting time of the downlink slot corresponding to the N-th starting Uu slot index,   is the timing advance value at the time of the corresponding downlink Uu slot.
Proposal 2: The interpretation of the associated fields in DCI for the transmission PSSCH for dynamic grant and configured grant type -2 is needed 
Proposal 3: The interpretation of the higher layer parameter which specifies the PSSCH transmission resource for configured grant type -1 is needed according to the following TP.
Proposal 4:  When dynamic grant provides multiple sidelink transmission resources for a single TB and HARQ feedback is enabled, early termination based on HARQ-ACK should be supported.
Proposal 5: For sidelink configured grant type 1, retransmission on the configured grant which crosses multiple periods is not supported. 
Proposal 6: The higher layer parameter which indicates the interval between the groups of resources configured by the existing higher layer parameters in SL-ConfiguredGrantConfig is needed.
Proposal 7: The determination of SL HARQ process ID for sidelink configured grant should be based on slot level as the method in NR-downlink semi-persistent transmission. 
Proposal 8: DCI format 3_0 includes a field “resource pool index” to support flexible Tx resource pool selection. 
Proposal 9: DCI format 3_0 includes a field “sidelink assignment index” to support SL HARQ-ACK multiplexing on PUCCH, which includes a counter SAI and total SAI.
Proposal 10: {0, 1, 2, 3, 4, 5, 6, 7} are used for indicating the time gap between DCI format 3_0 and scheduled PSSCH.  
Proposal 11: The size of DCI format 3_1 can be aligned to the size of DCI format 3_0 and has no need to align with another DCI format size.
Proposal 12: To multiplex SL HARQ-ACKs in PUCCH resource, section [16.5 TS 38.213] should be revised according to section [9 TS 38.213]. 
Proposal 13:  The PSFCH reception occasions for determining the SL Type-1 HARQ-ACK codebook should be decided based on the tdd-UL-DL configuration, PSFCH periodicity and slot offset between physical slot and logical slot.
Proposal 14: A priority of a SL HARQ-ACK reporting on uplink is same as the priority of a corresponding PSFCH, i.e. the priority value in the SCI of the associated PSSCH.
· If more than one PSFCHs are multiplexed in one SL HARQ-ACK reporting on uplink, the smallest priority value of these PSFCHs is used.  
Proposal 15: For prioritization between SL HARQ-ACK and DL HARQ-ACK on a PUCCH or a PUSCH, SL HARQ-ACK is prioritized when the following conditions are met:
· if the value of priority index of the corresponding PUCCH or PUSCH as indicated by the Priority indicator field in the associated DCI or provided by the associated configured grant is 0 (or if a priority index is not provided); and
· if the highest priority of SL HARQ-ACK according to the priority field in the associated SCI is lower than the SL priority threshold. 
Otherwise DL HARQ-ACK is prioritized.
Proposal 16: The processing time of SL HARQ-ACK reporting to gNB is derived as:

·  is determined according to the subcarrier spacing configuration of  Table 1,which corresponds to the smallest one of .
·  is a value determined by the number of simultaneous  PSFCH receptions in the last PSFCH slot associated with the PUCCH according to Table 2 
Table 1．Processing time of SL HARQ-ACK reporting to gNB
	
	 [symbols]

	0
	14

	1
	18

	2
	28

	3
	32



Table 2. Additional symbols for simultaneous PSFCH receptions
	The number of simultaneous PSFCH receptions in the last PSFCH slot associated with PUCCH
	 [symbols]

	
	0

	
	1


Proposal 17: The inaccurate description for PSSCH reception should be corrected.
Proposal 18: The redundant description for multiplexing which would lead to ambiguity should be corrected.
Proposal 19: The inaccurate description for PUCCH resource for configured grant type 1 should be corrected.
[bookmark: _Ref518562038]References
[1] [bookmark: _Ref30584195][bookmark: _Ref503170572][bookmark: _Ref501547084]Chairman’s Notes 3GPP TSG RAN WG1 #100-e, Mar, 2020.
[2] 3GPP TS 38.211
[3] 3GPP TS 38.212
[4] [bookmark: _Ref37420898]3GPP TS 38.213
[5] 3GPP TS 38.214.

image3.png
periodicity for CG

interval

AT

resouce configured by
SL-configuredGrantConfig

TImIIIl

time




image1.png
periodicity of TB

initial transmission +
retransmissions
of TB

N

unused CG
resources

time




image2.png
periodicity for CG

CG resources
within one period DG
(each ofthg occasions) Tesources

G resources
within one period DG
(each of the occasions)  resources

initial transmission
by CG
retransmissions
byCG  retransmissions
by DG

| 0 time

initial transmission
by CG
retransmissions
byCG  retransmissions
by DG




