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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
Regarding the resource allocation in mode-1 in NR V2X, the following agreements have been achieved in the previous meetings [1]:
	[100e-NR-5G_V2X_NRSL-RA_Mode1-01] Email discussion/approval on issue 1.1.1 in the summary (R1-2000779) by 2/28; if there is a spec impact, endorsing the corresponding TP by 3/3 – Ricardo (Ericsson)
Update on 02/28 (PST): to check on 3/2
Update on 3/2 (PST): proposals for Q1 & Q4 are agreed (copied below). 
Agreements:
confirm the working assumption from RAN1#99 with the following update to the formula: 
Agreements:
· The working assumption from RAN1#99 is confirmed.
· To derive the time of SL HARQ-ACK to the gNB the timing of Uu is used (i.e., assuming that the SL and the Uu timing are the same).
Check further for Q2 & Q3 proposals on 3/3
Update on 3/3: no conclusion for Q2 & Q3. 
To check TP on 3/4 – now 3/5 – TP for Q1 is endorsed (R1-2001415). TP for Q4 to next meeting. Email thread is closed. 
[100e-NR-5G_V2X_NRSL-RA_Mode1-02] Email discussion/approval on issue 1.2 in the summary (R1-2000779) by 2/28; if there is a spec impact, endorsing the corresponding TP by 3/3 – Ricardo (Ericsson)
Update on 02/28 (PST): to check on 3/2
Update on 3/2 (PST): 
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.
Note: This corresponds to the HARQ process ID for the interaction between gNB and UE, if any distinction is made.
Note: if the principle itself is agreeable, we can then discuss any need for modifications, possibly as part of the TP drafting phase.
Agreements:
· Only one new TB can be transmitted in one period of the configured grant.
· FFS any issue with retransmission spanning multiple periods
· The DCI scheduling the retransmissions uses the first HARQ process ID corresponding to the first transmission of the TB, as agreed for Q2.
Agreements:
 The specification supports having multiple HARQ ID processes for a given SL configured grant.
Note: this is issue is tightly coupled with Q2, so all configuration and specification details can be discussed together.
To check the TP by 3/3
Update on 3/3: TPs are endorsed (R1-2001410) 
Update on 3/4 morning: to approve draft LS by 3/5 5pm PST. LS is dropped. Email thread is closed. 
[100e-NR-5G_V2X_NRSL-RA_Mode1-03] Email discussion/approval on issue 1.4.1 in the summary (R1-2000779) by 2/28; if there is a spec impact, endorsing the corresponding TP by 3/3 – Ricardo (Ericsson)
Update on 02/28 (PST: to check on 3/2
Update on 3/3 (PST): 
· Proposals to Q1 to Q4 are agreed (see below)
· Proposals to Q5 and Q6 are agreed as a working assumption (see below)

Agreements:
· The TX UE reports NACK to the gNB in the following cases: 
· When it does not transmit the corresponding PSCCH/PSSCH due to intra-UE prioritization. 
· When it does not receive the corresponding PSFCH due to intra-UE prioritization.
Agreements
· For groupcast option 2 in the case where there are multiple PSFCHs corresponding to multiple PSCCH/PSSCH transmissions of a single TB, the TX UE reports ACK to the gNB if it has received ACK at least once from each RX UE. Otherwise, it reports NACK to the gNB.
Agreements
· For groupcast option 2, the TX UE reports NACK to the gNB when it does not detect some expected PSFCH.
Agreements
· For configured grant, the TX UE reports ACK to the gNB in case no PSCCH/PSSCH is transmitted in a set of resources.
NOTE: The rule in Q1 has precedence over this rule.
Working assumption:
In case of reaching the maximum number of HARQ re-transmissions for a TB, the UE sends one bit on the UL resources for SL HARQ-ACK reporting. The specification will specify the UE behavior (what the behavior is: FFS), and specify the contents of the report (what the content is: FFS).
Working assumption:
If the SL transmission does not use SL HARQ feedback (if supported by RAN2), the UE sends one bit on the UL resources for SL HARQ-ACK reporting. The specification will specify the UE behavior (what the behavior is: FFS), and specify the contents of the report (what the content is FFS).
To check the TP by 3/3, to check on 3/4 – 3/5, TP is endorsed (R1-2001414). Email thread is closed. 



[bookmark: _Ref16006416]In the contribution, we discuss the remaining issues on the details of mode-1 scheduling.

2. Grant
2.1. CG timing
Note that the reservation period in mode-2 is defined as physical time. This means resource reserved by a SCI recurs in a set of periodical physical slots, some of which may not be indicated as SL. To provide a general framework for both mode-1 and mode-2, it is preferred to define the CG periodicity in physical unit, which also facilitates accommodation to the delay budget.
[bookmark: _Ref32505832]Proposal 1. The periodicity and the offset of SL CG should be defined in physical time unit.

The formula below for UL CG type1 can be reused for SL, then the allocated resources recur associated with each symbol for which:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
[(SFNstart time × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slotstart time × numberOfSymbolsPerSlot + symbolstart time) + N × periodicity] modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot), for all N >= 0.
The formula is only used for resource allocation, it does not mean that timing for actual transmission and the resources derived by the above formula should be exactly matched. Similar to DG, TA/2 should be compensated before the actual transmission. A discussion was also raised that whether each transmission on a CG should be conducted in advance of the allocated resource by half of the latest TA. Alternatively, a static TA/2 can be used to derive the whole picture of the CG resource allocation over time. Note that the TA value changes over time depending on UE activity, a static TA for determining CG resource allocation is not sufficient for handling the timing ambiguity brought by the varying propagation delays at the UE side.


[bookmark: _Ref32505834]Figure 1. Example of applying different TA/2 values for different occasion
[bookmark: _Ref37089052]Proposal 2. The resources of SL CG type1 are derived based on DL RX timing, UE should compensate TA/2 based on the latest TA value before transmitting on the CG.
1. 
2. 
2.1. 

2.2. Retransmission for CG
In the last meeting, it was agreed that there is only one TB in a CG period and the mapping between HPN in RRC/DCI and HPN in SCI for a TB should be fixed, thereby restricting that the initial transmission and retransmission on the CG should be confined within the same period especially when multiple HARQ processes are configured. A remaining issue is whether the retransmission scheduled by DG can cross multiple periods.
When SL HARQ reporting is enabled for a CG, the RRC or DCI should provide a PUCCH resource ID and an offset with respect to the last PSFCH in the time domain. If the last PSFCH or the determined PUCCH is out of the period in which the initial transmission takes place, mode-1 UE may receive a DG indicating retransmission of the TB in the following periods. However, as the HARQ process number is determined by means of modulo operation by using the number of associated HARQ processes, UE may receive multiple DG carrying the same HPN and CG ID. This will raise some ambiguity of the TB each grant is intended for. As illustrated in Figure 2, when two DCIs carrying the same CG ID and HPN are received, UE is not able to identify the correspondence between the two sets of NACKs and DCIs.


[bookmark: _Ref37008527]Figure 2. Example of receiving 2 DCI including HPN=0
There are three options to address this issue:
Option1. gNB needs to guarantee that the last PSFCH, PUCCH, and DG for retransmission should be earlier than the start of the next period with the same HPN as the period where the TB is initialized.
Option2. Allowing the occurrence of DG for retransmission in subsequent periods, DCIs with the same HPN and CG ID have a one-to-one correspondence with TBs with NACK reported. The mapping to TB can be established in ascending order of DCI reception time and period index i, where i represents the index of the period of the corresponding initial transmission. 
Option3. Allowing the occurrence of DG for retransmission in subsequent periods, all the received DCIs with the same HPN and CG ID are mapped to failed TBs which are associated to the indicated HPN in their previous transmissions, the mapping can be up to UE implementation. E.g., the resources scheduled by these DCIs are all used for retransmitting the last failed TB. 
In option.2, once a DCI is missed, UE may misunderstand the correspondence between DCI and TBs. Option.3 provides higher flexibility, however, in this case, gNB is not able to evaluate the buffer status of UE and thus may not be able to provide proper SL assignment. 
[bookmark: _Ref37350995]Proposal 3. For DCI indicating retransmissions of a TB on CG resources, the dynamically scheduled resources can be outside the period where the TB is initially transmitted.

2.3. CG with multiple HPNs
It was discussed that if multiple CGs with more than one HPNs are configured or activated, an HPN offset should be provided for each CG to avoid HPN overlapping between different CGs. In some sense, the HPN configured for CG is to identify the CG period instead of indicating the actual HPN used for transmission. Thereby the same HPN can be shared between different CGs to reduce UE implementation cost. As the DCI already includes CG id which is sufficient to identify which CG the DCI intended for, there is no need to introduce the HPN offset.
As shown in Figure 3, although CG1 and CG2 share HPN#0, when two DCIs carrying HPN#0 are received, UE can distinguish the TBs scheduled by each DCI through the CG index indicated.
Therefore, HARQ Process ID associated with the first symbol of a SL CG is derived from the following equation:
HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes


[bookmark: _Ref37008612]Figure 3. Example of sharing the same HPN between CGs
[bookmark: _Ref37350985][bookmark: _Ref37089066]Observation 1. The same HPN in CG configuration can be shared by different SL CGs.
[bookmark: _Ref37350997]Proposal 4. There is no need to introduce HPN offset in RRC configuration for SL CG.
2.2. 
2.3. 
2.4. 

2.4. Activation/de-activation of SL CG type2
If multiple type2 configured sidelink grants are configured, there are two options as below:
· Option1. Single DCI is used to activate/de-activate all configured sidelink grants 
· Option2. Each configured sidelink grant is activated/de-activated by an individual DCI.
Option1 involves additional specification changes including DCI field re-interpretation and RRC configuration of jointly activated/released CG combinations. Due to the limited time budget, we prefer option2 and the following proposal is made.
[bookmark: _Ref7299745]Proposal 5. Separated activation/de-activation of different SL CG type2 is supported.

2.5. [bookmark: _Ref37086239]DCI content and size alignment
A new DCI format, i.e., DCI format 3_0 is introduced in NR Uu to schedule the sidelink transmission. 
The following fields have been agreed. Nevertheless, there are still some related issues to be discussed:
· The time gap between a DCI and the corresponding first SL transmission
The field size of the time gap remains FFS. This field is similar to the X discussed in the inter-RAT case, similarly, 3 bits would be sufficient.
· HPN and NDI
· Lowest index of subchannel of the 1st TX
· TDRA and FDRA in the format of SCI
· PSFCH-to-HARQ feedback timing indicator
· Configuration index
This field is present only when UE is configured to monitor DCI 3_0 scrambled by SL-CS-RNTI. Since RAN2 supports up 8 configured sidelink grants, 3 bits are required. 
In addition to the fields that have been agreed, the following fields should be considered:
· Resource pool indicator
For dynamic grant, DCI indicates the TDRA and FDRA with the signaling format used for SCI. Since some transmission parameters, e.g., sl-MaxNumPerReserve (NMAX) and sl-NumSubchannel, are configured per resource pool, the number of TDRA and FDRA bits can differ between different resource pools. Specifically, the formula of FDRA depends on NMAX and sl-NumSubchannel, and a resource pool with NMAX = 3 requires 4 more TDRA bits than a resource pool with NMAX = 2. Thus, DCIs scheduling different resource pools differ not only in their sizes but also in field interpretation. UE must unambiguously determine the resource allocation, thus a field indicating which resource pool the DCI intends for should be included in DCI format 3_0 to help the UE to understand the DCI.
· Activation/release command
1-bit activation/release command is included in DCI format 3_0 when the DCI is scrambled by SL-CS-RNTI. When the bit value = 1, the indicated CG is activated, otherwise, it is released.
[bookmark: _Ref37089071]Proposal 6. DCI format 3_0 should include a resource pool ID.
[bookmark: _Ref37089072]Proposal 7. 1-bit activation/release command is included in DCI format 3_0 when DCI format 3_0 is scrambled by SL-CS-RNTI. When the bit value = 1, the indicated CG is activated, otherwise, it is released.

We summarize the field sizes in Table 1 where Nmax denotes sl-MaxNumPerReserve.
[bookmark: _Ref16006955]Table 1. Content of DCI format 3_0
	Field
	Format 1-0 in CSS
	Format 3_0 for DG
	Format 3_0 for CG

	DCI identification
	1 bit
	–
	

	UL/SUL
	–
	–
	–

	BWP indicator
	–
	–
	–

	FDRA

	Case 1: 9 bits
Case 2: 13 bits
	–
	–

	SLIV
	4 bits
	–
	–

	Gap between 1st tx and DCI
	
	3 bits
	3 bits

	starting sub-channel for initial PSCCH: 
	-
	Log2(27)= 5 bits
	Log2(27)= 5 bits

	SCI TDRA
	
	If Nmax = 2: 5 bits
If Nmax = 3: 9 bits
	If Nmax = 2: 5 bits
If Nmax = 3: 9 bits

	SCI FDRA
	
	If Nmax = 2: <=9 bits
If Nmax = 3: <=13 bits
	If Nmax = 2: <=9 bits
If Nmax = 3: <=13 bits

	VRB-to-PRB mapping
	1 bit
	–
	–

	Frequency hopping
	–
	–
	–

	NDI
	1 bit
	1 bit
	1 bit

	RV
	2 bis
	0 bits
	0 bits

	Uu HARQ Process ID
	4 bits
	–
	–

	SL HARQ Process ID or
	–
	4 bits
	4 bits

	SAI
	2 bits
	2 bits
	2 bits

	CBGTI
	–
	–
	–

	Timing for HARQ-ACK
	3 bits
	3 bits
	3 bits

	PUCCH for HARQ-ACK report
	3 bits
	3 bits
	3 bits

	Pool id
	0 bits
	4 bits
	0 bits

	CG id
	–
	–
	3 bits

	Activation/release
	–
	–
	1 bit

	Multi-antenna related parameter
	–
	–
	–

	Power control
	2 bits
	–
	–

	DCI size

	37 bits~41 bits
	If Nmax = 2:  
size<=39 bits
If Nmax = 3: 
size<=47 bits
	If Nmax = 2:  
size<=39 bits
If Nmax = 3: 
size<=47 bits


From Table 1, it is noted that DCI format 3_0 size is quite larger than fallback DCI in CSS. Since the granularity of FDRA in DCI format 3_0 can be much larger than that of fallback DCI format, it is not appropriate to align DCI format 3_0 with fallback DCI format by FDRA truncation. On the other side, fallback DCI in USS is mainly used for fallback scheduling. Consequently, padding it to align with a larger DCI format is not desirable due to the higher coding rate and smaller DL coverage. Therefore, non-fallback DCI is a better choice for size alignment.
[bookmark: _Ref37428400][bookmark: _Ref32599809][bookmark: _Ref4859106]Proposal 8. If UE is configured to monitor DCI format 0_1, the size of DCI format 3_0 should be aligned with DCI format 0_1 monitored in a UE-specific search space on the same serving cell. 

As discussed above, DCI format 3_0 needs to be aligned with a Uu DCI to save the blind decoding efforts, thus the sizes of DCI format 3_0 scheduling different resource pools in the same SL BWP should be the aligned as well. One straightforward way of ensuring such size alignment is to set the bit size of TDRA and FDRA to be 9 bits and 13 bits respectively. However, it should be noted that the sl-NumSubchannel of all the configured resource pools may be smaller than 27, and the corresponding NMAX may be set to 2. Always assuming DCI size based on the NMAX =3 and sl-NumSubchannel=27 in such cases will introduce a lot of unnecessary padding bits, leading to larger DCI size and hence worse DL coverage. 
Alternatively, the size alignment can be ensured by performing zero-padding to the (TDRA+FDRA) field in a DCI format 3_0, e.g., the size of (TDRA+FDRA) field for scheduling transmission in every resource pool should be padded to match the size of the (TDRA+FDRA) field for the resource pool configured with the largest bit size of (TDRA+FDRA) in the same SL BWP. 
Regarding the DCI scrambled by SL-CS-RNTI, as SL CG is configured per resource pool, CG index can be used to identify the scheduled resource pool and hence there is no need to include the resource pool ID in DCI in this case. Instead, the 4-bit resource pool ID field can be reused to indicate CG index and activation/release command so that the DCI format 3_0 for DG and DCI format 3_0 for CG can keep the same size.
[bookmark: _Ref37089074]Proposal 9. The size of (TDRA+FDRA) field in DCI format 3_0 scheduling transmission in any resource pool with a smaller number of bits should be padded to match the size of the (TDRA+FDRA) field of the resource pool configured with the largest size of (TDRA+FDRA) in the same SL BWP.
[bookmark: _Ref37089075]Proposal 10. The resource pool ID field shall be reused to indicate a 3-bit CG index and 1-bit activation/release command if the DCI is scrambled with SL-CS-RNTI.

TP#1 for 38.212: Resource pool id
	------------------------------------------- Start of Draft TP of 212 -------------------------------------
7.3.1.4.1	Format 3_0
DCI format 3_0 is used for scheduling of NR PSCCH and NR PSSCH in one cell. 
The following information is transmitted by means of the DCI format 3_0 with CRC scrambled by SL-RNTI or SL-CS-RNTI:
-	Time gap – [x] bits determined by higher layer parameter sl-DCI-ToSL-Trans, as defined in clause x.x.x of [6, TS 38.214]
-	Resource pool id – 4 bits determined by higher layer parameter SL-ResourcePoolID. 
-	HARQ process ID – [x] bits as defined in clause 16.4 of [5, TS 38.213]
<Unchanged parts omitted>
---------------------------------------------- End of Draft TP ---------------------------------------------



3. 
4. 
5. 
5.1. 
5.2. 
5.3. 
5.4. 
5.5. 
5.6. 
5.7. 
TP#2 for 38.212: Size alignment
	------------------------------------------- Start of Draft TP of 212 -------------------------------------
7.3.1.4.1	Format 3_0
<Unchanged parts omitted>
[bookmark: _Hlk37351065]If the UE is configured to monitor DCI format 3_0 mapped onto a given search space for a serving cell, and the payload size of DCI format 3_0 is different from the size of the DCI format 0_1 monitored in a UE-specific search space for the same serving cell, a number of zero-padding bits are generated for the smaller DCI format between the DCI format 3_0 and the DCI format 0_1 until the payload size equals that of the larger one.
---------------------------------------------- End of Draft TP ---------------------------------------------



TP#3 for 38.212: DCI field for CG
	------------------------------------------- Start of Draft TP of 212 -------------------------------------
7.3.1.4.1	Format 3_0
DCI format 3_0 is used for scheduling of NR PSCCH and NR PSSCH in one cell. 
The following information is transmitted by means of the DCI format 3_0 with CRC scrambled by SL-RNTI or SL-CS-RNTI:
-	Time gap – [x] bits determined by higher layer parameter sl-DCI-ToSL-Trans, as defined in clause x.x.x of [6, TS 38.214]
-	Resource pool id – 4 bits determined by higher layer parameter SL-ResourcePoolID for DCI format 3_0 with CRC scrambled by SL-RNTI. If the DCI format 3_0 is scrambled by SL-CS-RNTI:
-	3 MSB are used to indicate Configuration index as defined in clause x.x.x of [6, TS 38.214].
-	Activation/release command–1 LSB as defined in Table 7.3.1.4.1-1. 
-	HARQ process ID – [x] bits as defined in clause 16.4 of [5, TS 38.213]
<Unchanged parts omitted>
Table 7.3.1.4.1-1: Activation/release indication
	Bit field 
	Activation/release indication

	0
	release

	1
	activate


---------------------------------------------- End of Draft TP ---------------------------------------------



2.6. Scheduling procedure
The procedure of mode-1 scheduling is described by several steps as follows:
· Step1. UE derives DFN and slot index based on SL timing obtained from the sync reference
· Step2. UE constructs the resource pool based on SL timing and resource pool bitmap
· Step3. gNB allocates SL resources with slot offset=Y1 relative to DCI format 3_0
· Step4. UE transmits PSCCH/PSSCH on the allocated resources and receives the corresponding PSFCH feedback
It is noted that in step2, a one-to-one mapping is assumed between physical slot and SL slot in a resource pool.
As discussed in section 2.5, DCI format 3_0 targeting different pools varies widely in bit size of TDRA and FDRA. Moreover, the information bits and their interpretation may change according to the number of subchannel and Nmax that are configured for the resource pool. Mode-1 UE should not be confused with the allocated resources when multiple dedicated resource pools are provided. In the last meeting, it has been discussed whether UE can simply transmit on the first sidelink resource for which the formula  is satisfied to save scheduling delay. However, in some cases, the first sidelink slot derived by the UE according to the formula may not belong to the scheduled pool by the gNB. If the slot is used, UE will misinterpret the gNB's intention under the configuration of the resource pool that the slot belongs to. 
Take FDRA as an example, in Figure 4, resource pool#1 and resource pool#2 are TDMed. The Nmax values configured for resource pool#1 and resource pool#2 are 2 and 3 respectively, then resource pool#2 requires 4 more informative bits for FDRA than pool#1. A DCI scheduling resource pool#2 is received, which includes 13 informative bits in the FDRA field. However, in the async case, the first sidelink slot satisfying the formula belongs to resource pool#1 while the FDRA field in DCI cannot be applied to resource pool#1.
Thereby, DCI format 3_0 should preferably include an explicit resource pool ID field, and hence the corresponding initial transmission should take place on the first sidelink slot in the pool indicated by DCI which is no earlier than . It can be seen that, in the async case, the time gap between DCI and the determined slot for initial transmission automatically inherits the time offset between SL timing and Uu timing.
[bookmark: _Ref37089077]Proposal 11. The first transmission scheduled by a DCI format 3_0 is performed on the first sidelink resource which is no earlier than  in the resource pool indicated by the DCI.


[bookmark: _Ref37086428]Figure 4. Example of scheduling target resource pool in sync/async case

TP#4 for 38.214: scheduling
	[bookmark: _Toc29673237][bookmark: _Toc29673378][bookmark: _Toc29674371][bookmark: _Toc36645601]------------------------------------------- Start of Draft TP of 214 -------------------------------------
8.1.2.1	Resource allocation in time domain
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:
-	The "Time gap" field value m of the DCI format 3_0 provides an index m + 1 into a slot offset table. That table is given by higher layer parameter timeGapFirstSidelinkTransmission and the table value at index m + 1 will be referred to as slot offset .
-	The slot of the first sidelink transmission scheduled by the DCI is the first SL slot of the corresponding resource pool indicated by the DCI that starts not earlier than   where  is starting time of the downlink slot carrying the corresponding DCI,  is the timing advance value and is the slot offset between the slot DCI and the first sidelink transmission scheduled by DCI,  is as defined in 38.211, and t is the SL slot duration.
-	For sidelink configured grant type 1:
-	The slot of the first sidelink transmissions follows the higher layer configuration according to [10, TS 38.321].
---------------------------------------------- End of Draft TP ---------------------------------------------



2.7. PUCCH processing
If PUCCH is allocated, two more steps are needed to derive the PUCCH location:
· Step5. UE derives a ‘virtual’ PSFCH location by assuming that DFN0 is aligned with SFN0
· Step6. UE decides the PUCCH slot for SL HARQ feedback based on the PSFCH_HARQ_offset=Y2 and the timing of the ‘virtual’ PSFCH location in step5.
When SL timing and Uu timing are asynchronous, gNB cannot determine the actual location of the last PSFCH without the information of the time offset between SL timing and Uu timing, then it may not be able to derive the location of PUCCH properly. RAN1 agreed that in this case, UE should compensate such time offset and derive the PUCCH location based on Uu timing so that both gNB and UE can keep an aligned understanding of PUCCH allocation.
However, as the gNB still does not know the actual PSFCH location, it cannot guarantee that there is sufficient time for PSFCH-PUCCH processing. An example is shown in Figure 5, the actual time offset between PSFCH and PUCCH is less than 1 slot even though a large PSFCH-HARQ offset is provided.
To address this issue, two options can be considered.
Alt1. the offset between SL timing and Uu timing should be reported to gNB.
Alt2. the time offset between SL and Uu should be restricted, e.g., no larger than one slot.
As shown in Figure 6, when the time offset=0.5 slot, the actual time gap between PSFCH and PUCCH is no smaller than PSFCH_HARQ–1 slot. gNB can ensure sufficient processing time by setting PSFCH-HARQ>=minimum processing time requirement+1 slot. Nevertheless, Alt.2 may be too restrictive in deployment especially in the case of 60 or 120 kHz SCS. Therefore, Alt1 is preferred.


[bookmark: _Ref37009027]Figure 5. Example of SL-Uu time offset=3.5 slots


[bookmark: _Ref37009019]Figure 6. Example of SL-Uu time offset=0.5 slot
[bookmark: _Ref32505867]Proposal 12. Mode-1 UE reports the offset between SL timing and Uu timing to gNB.

3. Reporting content
In the last meeting, the feedback content for the following cases remains unspecified:
· In case of reaching the maximum number of HARQ re-transmissions for a TB, the UE sends one bit on the UL resources for SL HARQ-ACK reporting. 
· If the SL transmission does not use SL HARQ feedback (if supported by RAN2), the UE sends one bit on the UL resources for SL HARQ-ACK reporting. 
For the first case, NACK should be reported to request more resources for retransmission, because there is no restriction on the transmission times for DG for retransmission. ACK is expected in the second case as there is no NACK received.
[bookmark: _Ref37089084]Proposal 13. In case of reaching the maximum number of HARQ re-transmissions for a TB, the UE sends NACK on the UL resources for SL HARQ-ACK reporting. 
[bookmark: _Ref37089086]Proposal 14. If the SL transmission does not use SL HARQ feedback (if supported by RAN2), the UE sends ACK on the UL resources for SL HARQ-ACK reporting.

4. HARQ codebook
4.1. Type-1 HARQ Codebook on PUCCH
Procedure
[bookmark: _Hlk37368113]With a configured set of time offsets between the last PSFCH and the PUCCH (donated as Y2), a time window of the last PSFCH candidate occasion can be derived. For a last PSFCH candidate occasion at sidelink slot x, N associated slots starting from slot x-K-N+1 to slot x-K can be used for PSCCH/PSSCH transmission, where N is the PSFCH period. In other words, from the perspective of a TX UE, there are up to N TBs of which sidelink HARQ-ACK information should be reported. Hence, N-bit HARQ-ACK reporting is required for each PSFCH candidate occasion. If an associated PSCCH/PSSCH slot is used for PSCCH/PSSCH transmission by the TX UE, the TX UE should set the corresponding HARQ-ACK bit based on the PSFCH reception. If not, then TX UE generates a NACK bit.
[image: ]
Y2 is expressed in terms of PUCCH SCS which can be different from the sidelink SCS, thereby there are two cases to be discussed when determining the associated PSFCH occasions:
· When PUCCH SCS>=SL SCS,
For each configured Y2 value, there is at most one sidelink slot overlapped with the slot n-Y2, thereby N bits HARQ-ACK should be reported.
[image: ]
[image: ]
Figure 7. Example of association between PSFCH occasion and PSCCH/PSSCH occasions when PUCCH SCS>=SL SCS
· When PUCCH SCS<SL SCS
In such cases, each n-Y2 slot in the window contains 2μSL-μUu slots, noting that not all of them contain PSFCH occasions. For example, when N=2 and 2μSL-μUu=4, only half of the 4 sidelink slots contain PSFCH. For a slot without PSFCH, N bits NACK are reported. Two examples are shown below.
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Figure 8. Example of association between PSFCH occasion and PSCCH/PSSCH occasions when PUCCH SCS<SL SCS
[bookmark: _Ref32599785][bookmark: _Ref20482175]Proposal 15. From the perspective of a TX UE, there are N PSCCH/PSSCH slots associated with a PSFCH occasion, where N is the PSFCH period. Hence, N-bit HARQ-ACK reporting is required for each candidate last PSFCH occasion in the type-1 HARQ-ACK codebook.
[bookmark: _Ref32599786]Proposal 16. For each bit in the N-bit HARQ-ACK reporting for a candidate last PSFCH occasion in type-1 HARQ-ACK codebook, if an associated PSCCH/PSSCH slot is used for PSCCH/PSSCH transmission by the TX UE, the TX UE should set the HARQ-ACK bit based on the corresponding PSFCH reception, if not, TX UE sets the bit to NACK value.
[bookmark: _Ref32599788]Proposal 17. Type-1 sidelink HARQ-ACK codebook is generated based on the candidate occasion of last PSFCH, PSFCH period N, and configured {Y2} values, where {Y2} is a set of time offset between candidate last PSFCH and PUCCH by RRC.
[bookmark: _Ref32505814]Proposal 18. For a PUCCH at slot n for sidelink HARQ-ACK reporting, a TX UE constructs the type-1 sidelink HARQ-ACK codebook with the following steps:
· Step1. Determining a set of slots in sidelink SCS corresponding to each n-Y2 value, where Y2 is the value in the set of candidate PSFCH-to-HARQ timing values configured by RRC
· Step2. For each slot in the slot set determined in step1, if the slot is sidelink slot and the slot is configured with PSFCH, N HARQ-ACK bits are generated based on step3, otherwise (e.g., the slot is Uu slot or the slot is sidelink slot without PSFCH) N bits NACK are generated.
· Step 3. For each bit in the N HARQ-ACK bits for the sidelink slot containing PSFCH, if the bit is associated with a transmitted PSCCH/PSSCH by the TX UE, generate a HAQR-ACK bit based on the corresponding PSFCH reception as defined in 38.213 16.5; if the associated PSCCH/PSSCH occasion is not used for transmission by the TX UE, set the corresponding bit to NACK.
 
TP#5 for 38.213: type1 CB
	------------------------------------------- Start of Draft TP of 213 -------------------------------------
This clause applies if the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static.
For the set of slot timing values  provided by high layer, the UE determines a set of slots in sidelink SCS with reference to the slot  for PUCCH transmission. 
For each slot in the slot set, if the slot is not for sidelink, or if the slot is a sidelink slot but includes no PSFCH reception occasions, UE generates N NACK values, where N is the value indicated by periodPSFCHresource. If the slot is for sidelink and includes PSFCH occasions, UE determines N PSCCH and PSSCH transmission occasions associated with the PSFCH occasion, and determines the corresponding HARQ-ACK information as following:
· For each PSCCH and PSSCH transmission occasion associated with the PSFCH occasion 
· if the PSCCH and PSSCH transmission occasion is used for PSCCH and PSSCH transmission, the corresponding HARQ-ACK bit is determined based on the corresponding PSFCH reception as defined in 16.5. 
· Otherwise, UE generates a NACK value.
---------------------------------------------- End of Draft TP ---------------------------------------------



HARQ-ACK for SL CG in type-1 codebook
[bookmark: _Ref23976738]Based on the previous discussion, there should be N-bit HARQ-ACK information for a PSFCH associated with a PUCCH. However, for a configured grant, it has been agreed that there is only a single HARQ-ACK bit generated for indicating the outcome of the associated TB to gNB. In such cases, N-1 bits NACK should be inserted before or after the determined HARQ-ACK bit of the TB. 
[bookmark: _Ref23976758][bookmark: _Ref32599791]Proposal 19. For a sidelink configured grant, if 1 sidelink HARQ-ACK bit is generated based on the PSFCH decoding and if codebook type= type-1, N-1 HARQ-ACK bits (e.g., N-1 NACK) should be reported together with the determined sidelink HARQ-ACK bit.

TP#6 for 38.213: type1 CB
	------------------------------------------- Start of Draft TP of 213 -------------------------------------
16.5 UE procedure for reporting HARQ-ACK on uplink
<Unchanged parts omitted>
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.
If the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static, the location of the HARQ-ACK information bit in the Type-1 HARQ-ACK codebook is determined by the last PSSCH occasion within the time period and the PSFCH occasion associated with the last PSSCH occasion. The UE generates a NACK value for each PSSCH occasion associated with a PSFCH occasion other than the last PSFCH occasion. 
---------------------------------------------- End of Draft TP ---------------------------------------------



4.2. Type-2 HARQ Codebook on PUCCH
SAI in SL DCI
To construct the DL codebook and sidelink codebook separately, the dynamic sidelink HARQ-ACK codebook should be built by only counting SL DCI. As in R16, only single SL carrier is supported, a counter SAI (sidelink assignment index) representing the index of currently transmitted SL DCI as well as the total number of SL DCI that have been sent should be included in SL DCI. As seen from the example in Figure 9, in this case, the dynamic codebook only accounts for the 2 SL DCIs. 

 
[bookmark: _Ref23969740]Figure 9. Example of dynamic sidelink HARQ-ACK codebook
[bookmark: _Ref32522923]Proposal 20. SL DCI carries a 2-bit cSAI indicating the index of currently received SL DCI as well as the total number of SL DCI up to this point in time if type2 codebook is configured.
TP#7 for 38.212: type2 CB
	------------------------------------------- Start of Draft TP of 212 -------------------------------------
7.3.1.4.1	Format 3_0
DCI format 3_0 is used for scheduling of NR PSCCH and NR PSSCH in one cell. 
The following information is transmitted by means of the DCI format 3_0 with CRC scrambled by SL-RNTI or SL-CS-RNTI:
-	Time gap – [x] bits determined by higher layer parameter timeGapFirstSidelinkTransmission, as defined in clause x.x.x of [6, TS 38.214]
-	HARQ process ID – [x] bits as defined in clause x.x.x of [6, TS 38.214]
<Unchanged parts omitted>
-	Sidelink assignment index – number of bits as defined in the following
-	2 bits if only one serving cell is configured in the DL to monitor DCI format 3_0 and the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic, where the 2 bits are the counter SAI;
-	otherwise, 0 bits.
---------------------------------------------- End of Draft TP ---------------------------------------------



Procedure
In Uu, the type-2 HARQ-ACK codebook is construed in the following structure by traversing all successfully received DCIs in a set of monitoring occasions for a PUCCH. 
Table 2. R15 type-2 HARQ-ACK codebook
	First sub-codebook (for TB level based scheduling)
	Second sub-codebook (for CBG level based scheduling)

	HARQ-ACK bits corresponding to dynamic scheduling and SPS release
	HARQ-ACK bits corresponding to SPS PDSCH reception
	HARQ-ACK bits corresponding to CBG based dynamic scheduling


Since each PUCCH only contains no more than one HARQ-ACK bit that is related to the configured sidelink grant, a similar structure can also be reused for sidelink.
In general, the type-2 sidelink HARQ-ACK codebook is constructed with the following steps:
· Step1. For a PUCCH for sidelink HARQ-ACK, determining an associated set of monitoring occasions as the monitoring occasions carrying SL DCI in which the PUCCH is indicated for HARQ-ACK reporting based on PSFCH-to-HARQ timing in DCI.
· Step2. Concatenating the HARQ-ACK bits corresponding to received SL DCIs for dynamic scheduling in ascending order of the monitoring occasion indexes, where lower index corresponds to earlier SL DCI.
· Step3. If there is a HARQ-ACK bit corresponding to transmission(s) on SL CG, the bit is appended to the HARQ-ACK bits generated in step2.
Table 3. Sidelink type-2 HARQ-ACK codebook
	sidelink codebook (for TB level based scheduling)

	HARQ-ACK bits corresponding to dynamic scheduling
	HARQ-ACK bit corresponding to transmission(s) on a configured sidelink grant


[bookmark: _Ref23975091]Proposal 21. For a PUCCH at slot n for sidelink HARQ-ACK reporting, Type-2 sidelink HARQ-ACK codebook is constructed with the following steps:
· Step1. Determining an associated set of DCI monitoring occasions as the monitoring occasions carrying SL DCI in which the PUCCH is indicated for HARQ-ACK reporting based on PSFCH-to-HARQ timing in DCI.
· Step2. Concatenating the HARQ-ACK bits corresponding to received SL DCIs for dynamic scheduling in ascending order of the monitoring occasion indexes, where lower index corresponds to earlier PDCCH.
· Step3. If there is a HARQ-ACK bit corresponding to transmission(s) on SL configured grants, the bit is appended to the HARQ-ACK bits generated in step2.
[bookmark: _Hlk23081145]
TP#8 for 38.213: type2 CB
	------------------------------------------- Start of Draft TP of 213 -------------------------------------
A PSSCH only carries a single sidelink transport block.
This subclause applies if the UE is configured with pdsch-HARQ-ACK-Codebook = dynamic.


A UE determines monitoring occasions for PDCCH with DCI format 3_0 for scheduling PSCCH and PSSCH transmissions on an active DL BWP of a serving cell , and for which the UE transmits HARQ-ACK information in a same PUCCH in slot  based on

-	PSFCH-to-HARQ feedback timing field values for PUCCH transmission with HARQ-ACK information in slot  in response to PSCCH and PSSCH transmissions



If the UE transmits HARQ-ACK information in a PUCCH in slot  and for any PUCCH format, the UE determines the , for a total number of  HARQ-ACK information bits for TB-based PSCCH and PSSCH transmission using the procedure in 9.1.3.1 with the following exceptions: 

-	set  to the number of serving cells configured with DCI format 3_0

-	set = 0- the largest index of a serving cell in the serving cells configured with DCI format 3_0: lower indexes correspond to lower RRC indexes of the corresponding cell, c=0 representing the serving cell configured with DCI format 3_0 with the lowest RRC index among the serving cells 


-	=0, =0
-	the term 'PDSCH' is replaced by 'PSCCH and PSSCH'
-	the term 'PDSCH receptions' is replaced by 'PSCCH and PSSCH transmissions'
-	the term 'DCI format 1_0' or 'DCI format 1_1' is replaced by 'DCI format 3_0'
-	the term 'SPS PDSCH reception' is replaced by 'SL configured grant Type2 PSCCH and PSSCH transmission'
-	the term 'receive SPS PDSCH' is replaced by 'transmit SL configured grant Type2 PSCCH and PSSCH'
-	the term 'PDSCH-to-HARQ-feedback timing value' is replaced by 'PFSCH-to-HARQ-feedback timing value'
---------------------------------------------- End of Draft TP ---------------------------------------------



5. Dropping of DL HARQ-ACK and SL HARQ-ACK
In the previous meeting, we agreed that multiplexing between Uu UCI and SL HARQ reporting is not supported. This can be addressed by the following options.
Option1. The resource for Uu HARQ-ACK can be overlapped with the resource for SL HARQ reporting. Once the collision happens, UE needs to drop one of them.
Option2. Overlapping between resources for Uu HARQ-ACK and resource for SL HARQ reporting is not allowed.
For option1, the specification needs to define some dropping rules. As an example, a PUCCH can be prioritized according to the reporting content within a PUCCH and then according to the corresponding packet priority and finally according to the PUCCH format.
For option2, UE is not expected to be provided with overlapped resources for different interfaces. Moreover, note that several rules have been specified in R15 for PUCCH transmission. For example, up to one PUCCH carrying HARQ-ACK exists in one slot at any time. To avoid violating the legacy rules of PUCCH transmission, different slots should be assigned to for UCI and PUCCH for SL HARQ-ACK reporting.
With option1, a set of appropriate prioritization and comparison principles need to be defined. Given the limited time budget of R16 V2X, we prefer option2 such that UE is not expected to be configured with the same slot for UCI and SL HARQ reporting.
[bookmark: _Ref37089101]Proposal 22. Different UL slots are assigned for Uu UCI and SL HARQ reporting.

TP#9 for 38.213
	[bookmark: _Toc29894887][bookmark: _Toc29899186][bookmark: _Toc29899604][bookmark: _Toc29917340][bookmark: _Toc36498215]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. The UE does not expect that the provided PUCCH resource or PUSCH resource for reporting HARQ information obtained from PSFCH receptions or from absence of PSFCH receptions, and a PUCCH or PUSCH for UCI reporting are in the same slot.



6. Conclusion
In this contribution, we discuss some remaining issues on NR sidelink mode-1 scheduling and have the following proposals: 
Observation 1. The same HPN in CG configuration can be shared by different SL CGs.

Proposal 1. The periodicity and the offset of SL CG should be defined in physical time unit.
Proposal 2. The resources of SL CG type1 are derived based on DL RX timing, UE should compensate TA/2 based on the latest TA value before transmitting on the CG.
Proposal 3. For DCI indicating retransmissions of a TB on CG resources, the dynamically scheduled resources can be outside the period where the TB is initially transmitted.
Proposal 4. There is no need to introduce HPN offset in RRC configuration for SL CG.
Proposal 5. Separated activation/de-activation of different SL CG type2 is supported.
Proposal 6. DCI format 3_0 should include a resource pool ID.
Proposal 7. 1-bit activation/release command is included in DCI format 3_0 when DCI format 3_0 is scrambled by SL-CS-RNTI. When the bit value = 1, the indicated CG is activated, otherwise, it is released.
Proposal 8. If UE is configured to monitor DCI format 0_1, the size of DCI format 3_0 should be aligned with DCI format 0_1 monitored in a UE-specific search space on the same serving cell.
Proposal 9. The size of (TDRA+FDRA) field in DCI format 3_0 scheduling transmission in any resource pool with a smaller number of bits should be padded to match the size of the (TDRA+FDRA) field of the resource pool configured with the largest size of (TDRA+FDRA) in the same SL BWP.
Proposal 10. The resource pool ID field shall be reused to indicate a 3-bit CG index and 1-bit activation/release command if the DCI is scrambled with SL-CS-RNTI.
Proposal 11. The first transmission scheduled by a DCI format 3_0 is performed on the first sidelink resource which is no earlier than  in the resource pool indicated by the DCI.
Proposal 12. Mode-1 UE reports the offset between SL timing and Uu timing to gNB.
Proposal 13. In case of reaching the maximum number of HARQ re-transmissions for a TB, the UE sends NACK on the UL resources for SL HARQ-ACK reporting.
Proposal 14. If the SL transmission does not use SL HARQ feedback (if supported by RAN2), the UE sends ACK on the UL resources for SL HARQ-ACK reporting.
Proposal 15. From the perspective of a TX UE, there are N PSCCH/PSSCH slots associated with a PSFCH occasion, where N is the PSFCH period. Hence, N-bit HARQ-ACK reporting is required for each candidate last PSFCH occasion in the type-1 HARQ-ACK codebook.
Proposal 16. For each bit in the N-bit HARQ-ACK reporting for a candidate last PSFCH occasion in type-1 HARQ-ACK codebook, if an associated PSCCH/PSSCH slot is used for PSCCH/PSSCH transmission by the TX UE, the TX UE should set the HARQ-ACK bit based on the corresponding PSFCH reception, if not, TX UE sets the bit to NACK value.
Proposal 17. Type-1 sidelink HARQ-ACK codebook is generated based on the candidate occasion of last PSFCH, PSFCH period N, and configured {Y2} values, where {Y2} is a set of time offset between candidate last PSFCH and PUCCH by RRC.
Proposal 18. For a PUCCH at slot n for sidelink HARQ-ACK reporting, a TX UE constructs the type-1 sidelink HARQ-ACK codebook with the following steps:
· Step1. Determining a set of slots in sidelink SCS corresponding to each n-Y2 value, where Y2 is the value in the set of candidate PSFCH-to-HARQ timing values configured by RRC
· Step2. For each slot in the slot set determined in step1, if the slot is sidelink slot and the slot is configured with PSFCH, N HARQ-ACK bits are generated based on step3, otherwise (e.g., the slot is Uu slot or the slot is sidelink slot without PSFCH) N bits NACK are generated.
· Step 3. For each bit in the N HARQ-ACK bits for the sidelink slot containing PSFCH, if the bit is associated with a transmitted PSCCH/PSSCH by the TX UE, generate a HAQR-ACK bit based on the corresponding PSFCH reception as defined in 38.213 16.5; if the associated PSCCH/PSSCH occasion is not used for transmission by the TX UE, set the corresponding bit to NACK.
Proposal 19. For a sidelink configured grant, if 1 sidelink HARQ-ACK bit is generated based on the PSFCH decoding and if codebook type= type-1, N-1 HARQ-ACK bits (e.g., N-1 NACK) should be reported together with the determined sidelink HARQ-ACK bit.
Proposal 20. SL DCI carries a 2-bit cSAI indicating the index of currently received SL DCI as well as the total number of SL DCI up to this point in time if type2 codebook is configured.
Proposal 21. For a PUCCH at slot n for sidelink HARQ-ACK reporting, Type-2 sidelink HARQ-ACK codebook is constructed with the following steps:
· Step1. Determining an associated set of DCI monitoring occasions as the monitoring occasions carrying SL DCI in which the PUCCH is indicated for HARQ-ACK reporting based on PSFCH-to-HARQ timing in DCI.
· Step2. Concatenating the HARQ-ACK bits corresponding to received SL DCIs for dynamic scheduling in ascending order of the monitoring occasion indexes, where lower index corresponds to earlier PDCCH.
· Step3. If there is a HARQ-ACK bit corresponding to transmission(s) on SL configured grants, the bit is appended to the HARQ-ACK bits generated in step2.
Proposal 22. Different UL slots are assigned for Uu UCI and SL HARQ reporting.
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