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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]:
	Agreements:
· In Mode-1, for a UE, for each of the configured MCS tables (for both DG & CG):
· If no MCS is configured, UE autonomously selects MCS from the full range of values 
· Up to UE implementation
· FFS details for the MCS table
· If a single MCS is configured, the MCS is used by the UE
· If a range of two or more MCSs are configured, UE autonomously selects the MCS from the configured values
· Up to UE implementation
Agreements:
· To signal the gap between DCI reception and the first sidelink transmission scheduled by DCI:
· A table of values is configured by RRC.
· DCI determines which of the configured values is used.
· FFS how to determine the slot for the first sidelink transmission (e.g., based on the indicated value, potential async between Uu & SL, different numerologies, etc.)
· FFS if the gap is in physical or logical slots.
Agreements:
For reporting SL HARQ-ACK to the gNB: 
· For dynamic grant and configured grant type-2 in SL, the Rel-15 procedure and signalling for DL HARQ-ACK are reused for the purpose of selecting PUCCH offset/resource and format in UL. 
· The configuration for SL is separate from Uu link for a UE
· FFS how to indicate timing of transmission in PUCCH, including whether physical or logical slots are used
· For configured grant type-1 in SL, RRC is used to configure PUCCH offset/resource and format in UL (if supported)
Agreements:
· Two different UE-specific SL RNTIs are introduced for Mode-1 scheduling: one for CRC scrambling in DCI for a dynamic grant and the other one for CRC scrambling in DCI for a configured grant type-2.
· The two above DCIs have the same size
Agreements:
· Multiple type-1 configured grants per UE are supported when LTE Uu controls NR SL
· Up to the same max number of type-1 configured grants per UE when NR Uu controls NR SL
Working assumption:
· Each transmission in a resource provided by a configured grant contains PSCCH and PSSCH.
Agreements:
· For a configured grant in Mode 1 when using SL HARQ feedback:
· There is only one HARQ-ACK bit for the configured grant
· There is one PUCCH transmission occasion after the last resource in the set of resources provided by a configured grant.


In the contribution, we discuss the details of mode-1 scheduling.

2. Transmission
2.1. TX/RX with assistant information
In NR mode-1, the NW is responsible for the sidelink resource allocation for UE, similar to that in LTE mode-3. The general mechanism for dynamic and semi-persistent scheduling can be reused to mode-1. However, some fundamental differences between LTE and NR sidelink should be taken into consideration, e.g., support of unicast and groupcast transmissions, etc. Consequently, the half-duplex limitation and collided transmission among UEs in a unicast UE pair or in a groupcast UE group should be considered. If gNB assigns the resource(s) to a transmitter UE without considering the associated receiver UE, the reception failure rate may increase. In Figure 1(a), where UE1 and UE2 are assigned with sidelink resources in the same slot, as UE1 is sending to UE2 while UE2 is sending to UE3, the packet from UE1 cannot be received by UE2. Similarly, UE3 and UE4 assigned with the same slot would inevitably suffer from the issue of collided transmissions. 
A less efficient but straightforward way to handle this issue is that gNB always assigns the resources in a TDM manner for different sidelink UEs. Alternatively, Mode-1 UE can report additional assistant information to the network, such as its cast type and information of the destination UE, so that gNB can allocate FDMed resources to UEs belonging to different pairs/groups. As shown in Figure 1(b), this would not only improve the resource efficiency by multiplexing irrelevant transmissions in the frequency domain but also avoid the collisions mentioned above, thereby improving the transmission reliability.


[bookmark: _Ref7453663]Figure 1．Example of mode-1 scheduling based on cast type and association between UEs
System-level simulation is executed to evaluate the benefit of mode-1 scheduling with assistant information. The relevant simulation parameters are given in Annex A. We simulate aperiodic traffic with a relatively high traffic load of 10ms packet arrival interval and 10ms packet latency requirement. Two metrics are evaluated in SLS, i.e., average PRR and average half-duplex rate. The average half-duplex rate is defined as the ratio of packet loss due to half-duplex restriction. The simulation results are provided below.
The benefit of mode-1 scheduling with assistant information can be observed in Figure 2, where its average PRR always outperforms that without assistant information. Moreover, the average half-duplex rate is significantly reduced with assistant information as shown in Figure 3. Therefore, it is suggested to report this assistant information to the network to guarantee transmission reliability.
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	[bookmark: _Ref7279269]Figure 2. Average PRR of two scheduling cases
	[bookmark: _Ref7280371][bookmark: _Ref534916726]Figure 3. Average Half-duplex rate 


[bookmark: _Ref4710982][bookmark: _Ref16786054]In addition, RAN2 agreed that each groupcast or unicast TB at TX UE should be associated with cast type, source ID, destination ID and HARQ process id. These information should be reported to gNB to assist the scheduling decision.
	Agreements-107bis:
[bookmark: _Hlk23079161][bookmark: OLE_LINK15][bookmark: OLE_LINK16]For unicast/groupcast communication, each corresponding TB at the Tx UE should be associated with cast-type, Source ID, Destination ID and HARQ process id.


[bookmark: _Ref23975048]Observation 1. If gNB assigns sidelink resources to TX UE without considering the associated RX UE, RX UE may fail to receive the scheduled packet due to transmission collision between TX UE and RX UE (i.e., half-duplex issue).
[bookmark: _Ref20465994][bookmark: _Hlk23181852]Proposal 1. Mode-1 scheduling based on the cast type, source ID, destination ID and the association between TX and RX UE(s) should be supported.
[bookmark: _Ref20734567]Proposal 2. TX UE reports cast type, source ID, destination ID and its association with RX UE to gNB.

2.2. [bookmark: _Hlk23181939]Early termination
It was agreed that both configured grant and dynamic grant can carry multiple resources. TX UE behavior when TX UE knows that a TB has been successfully decoded by all RX UEs is not clear. TX UE should terminate the retransmission of the TB, in this case, to reduce the device power consumption and system interference since there is no need to keep transmitting the same TB, whereafter ACK should be reported to acknowledge gNB that no additional resource is needed.
[bookmark: _Ref24137064]Proposal 3. TX UE shall terminate the retransmission(s) of a TB if it has been acknowledged that the TB was successfully decoded by all RX UE(s) and report ACK to gNB.

2.3. Dynamic grant
If the sidelink HARQ-ACK report indicates NACK, then gNB can schedule additional resources for retransmission. Given that transmissions and retransmissions are scheduled using the same framework, an NDI flag is needed to inform TX UE of whether the resources are targeting for new transmission or retransmission.
[bookmark: _Ref23975065]Proposal 4. Dynamic grant carries NDI and sidelink HARQ ID.

2.4. Configured grant
If PSCCH is not a part of the configured sidelink grant, RX UE must be signaled of at least the sidelink time and frequency resources via PC5-RRC in advance. Hence, this feature may be only applied to unicast according to RAN2’s agreement. Even in the case, additional specification work should be done for this feature in both RAN1 and RAN2, where the feasibility is not carefully justified yet. Considering the limited remaining time for Rel-16 SL WI, it is preferred to confirm the working assumption and assume PSSCH is always transmitted with associated PSCCH.
[bookmark: _Ref16006742]Proposal 5. Confirm the working assumption that each configured sidelink grant has PSCCH and PSSCH.

Since the SCI carries the RV and SL HARQ ID of the transmission, there is no point in leaving the decision of HARQ process and RV of the configured grant to NW. As the NW may not be aware of the detailed requirements of sidelink traffic, the transmitter should be responsible for handling service requirements, and thus decide the configuration of HARQ process(es) and RV pattern. 
[bookmark: _Ref23975068]Proposal 6. It is up to TX UE to decide the HARQ process ID and RV pattern of the transmission occasion of a configured sidelink grant.

In RAN1#98bis meeting, it was discussed that there is one PUCCH transmission occasion after all transmission occasions of a configured sidelink grant and there is only one HARQ-ACK bit for each configured sidelink grant on the PUCCH. TX UE will report NACK if the last transmitted TB fails. However, as the HARQ process ID of configured sidelink grant is decided by TX UE, gNB only can “see” a NACK implying resources request for a configured grant, but be unaware of which sidelink HARQ process is being addressed by the NACK. Thus, it is impossible for the dynamic grant which schedules retransmissions as a response to the NACK to provide sidelink HARQ process number.
As we already agreed that a UE-specific SL RNTI different from the one for a usual dynamic grant is provided for the DCI for configured grant type-2, that RNTI can also be exploited to schedule the retransmission for the configured grant (type1 and type2), same as that in Uu where CS-RNT is used for scheduling retransmissions of configured uplink grant.
[bookmark: _Ref23975073]Proposal 7. The SL RNTI for configured sidelink type2 activation/de-activation is used to monitor the DCI scheduling retransmission of a configured sidelink grantf(type1 and type2). This DCI carries the configured grant ID instead of SL HARQ process ID.

2.5. Maximum number of HARQ re-transmissions for a TB
Up to 32 retransmissions are configured for a TB in mode-2, and the retransmission of the TB continues until a configurable maximum number of retransmissions has been carried out. However, for mode-1 where gNB is in charge of the resource allocation, there is no need to apply such restriction on gNB scheduling. Once received a DCI scheduling retransmission, UE can repeat the transmission of the previous TB.
[bookmark: _Ref23975077][bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK17][bookmark: OLE_LINK18]Proposal 8. The configuration of maximum number of HARQ re-transmissions for a TB is not applicable in mode-1.

3. Feedback content
3.1. [bookmark: _Hlk23081145]Feedback in groupcast option2
According to the e-mail discussion, the UE behavior when TX UE does not detect some expected PSFCH in option.2 should be clarified. Miss-detection of PSFCH can be due to either PSFCH detection failure or PSCCH detection failure. Even though TX UE can differentiate the two cases, from the gNB perspective, both cases, in some sense, can be considered as a kind of SL DTX, thus NACK should be reported by TX UE.
[bookmark: _Ref23975085]Proposal 9. If at least one expected PSFCH is not detected in groupcast option2, NACK should be reported to gNB.

3.2. Unused configured grant
If there is no sidelink data awaiting transmission after the activation/configuration of a configured sidelink grant, UE shall not transmit on the configured sidelink resources. In this case, it is not clear whether the associated PUCCH should be transmitted or not. Two alternatives have been discussed:
· Alt.1 ACK is reported.
· Alt.2 No HARQ-ACK report for the configured grant.
In alt.1, after receiving the ACK, gNB will know that there is no need for additional resources, but it would not know if the ACK is due to an empty sidelink buffer or if it is due to a TB being successfully decoded by RX UE(s). However, this ambiguity is not a matter from the perspective of resource scheduling.
If UE doesn’t transmit any feedback for the unused configured grant, there will be some issues when the sidelink HARQ-ACK report for dynamic scheduling and configured grant are multiplexed on the PUCCH. That is, gNB can’t identify that the HARQ-ACK bit(s) in the PUCCH corresponds to a configured grant or dynamic scheduling.
[bookmark: _Ref23975050]Observation 2. If UE doesn’t transmit any feedback for an unused configured grant, gNB can’t identify that the HARQ-ACK bit(s) in the PUCCH corresponds to a configured grant or a dynamic scheduling when the PUCCH is also used for sidelink HARQ-ACK report for dynamic scheduling.
[bookmark: _Ref24137078]Proposal 10. If all resources within a periodicity of a configured grant are unused, ACK should be reported to gNB.
[bookmark: _Ref16006416]
4. Feedback structure
4.1. Multiplexing between SL and SL HARQ-ACK
	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



· Type1. Semi-static sidelink HARQ-ACK codebook
The type of the sidelink resource occasions being counted in the sidelink semi-static codebook should be decided first. 
[image: ]
[bookmark: _Ref20671865][bookmark: _Ref20671966][bookmark: _Ref20738738]Figure 4. Example of semi-static sidelink HARQ-ACK codebook
If sidelink transmission occasion, i.e., the T/F resources for potential PSCCH&PSSCH transmission, is used to generate the codebook, the time offset between sidelink transmission and PUCCH should be defined. As shown in Figure 4, three sidelink transmissions are scheduled in a TDM manner, and the offsets are 2, 3 and 4 slots, respectively, 10 PSFCH resources are FDMed in each PSFCH slot. Assuming that each PSSCH is carrying 1 SL TB, the codebook size will be 4 bits. If the PFSCH occasion is used for type1, the size becomes as large as 20 bits.
[bookmark: _Ref23975051]Observation 3. Type1 codebook based on candidate PSFCH occasions is more significant in size than that based on PSCCH/PSFCH occasions. 
[bookmark: _Ref20482175]Proposal 11. Type1 sidelink HARQ-ACK codebook is generated based on the transmission occasion of PSCCH/PSSCH and the offset between transmission occasion and PUCCH.

According to the discussion above, for either a configured grant or a dynamic grant scheduling multiple transmissions, only a single HARQ-ACK bit is generated for indicating the outcome of the associated TB to gNB. If a configured grant consisting of M1 transmissions, and a dynamic grant scheduling M2 transmissions are associated with the same PUCCH, the size of a codebook to be reported will be determined as 2 bits. While if M1+M2 dynamic grants scheduling single transmission are associated with the same PUCCH, the codebook size will be M1+M2 bits. This means that the final type-1 codebook size actually is depended on the total number of associated grants (configured grant and the received dynamic grant) instead of the number of associated transmission occasions, thus it cannot be determined semi-statically in advance. A similar situation also happens in R15 PDSCH repetition where N repetitions are scheduled by a DCI. In this case, only on the PUCCH associated with the last repetition, UE reports the outcome of the TB, and N-1 NACKs are inserted before the valid HARQ-ACK to keep the codebook size static.  
	38.213







If the UE is provided pdsch-AggregationFactor,  is a value of pdsch-AggregationFactor; otherwise, . The UE reports HARQ-ACK information for a PDSCH reception from slot  to slot  only in a HARQ-ACK codebook that the UE includes in a PUCCH or PUSCH transmission in slot , where  is a number of slots indicated by the PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format or provided by dl-DataToUL-ACK if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI format. If the UE reports HARQ-ACK information for the PDSCH reception in a slot other than slot , the UE sets a value for each corresponding HARQ-ACK information bit to NACK. 
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Figure 5. HARQ-ACK for PDSCH aggregation
A similar design can be reused for sidelink, we propose that: 
[bookmark: _Ref23976738]Observation 4. For configured grant containing N transmission occasions or dynamic grant scheduling N transmissions, if only 1 sidelink HARQ-ACK bit is reported, it is impossible to semi-statically determine the codebook size. 
[bookmark: _Ref23976758]Proposal 12. For configured grant containing N transmission occasions or dynamic grant scheduling N transmissions, N-1 NACKs are reported to gNB with the determined sidelink HARQ-ACK bit based on associated PSFCH occasions.

· Type2. Dynamic sidelink HARQ-ACK codebook
To construct the DL codebook and sidelink codebook separately, the dynamic sidelink HARQ-ACK codebook should be built by only counting SL DCI. That is, the counter DAI and total DAI in SL DCI represent the index of currently transmitted SL DCI and the total number of SL DCI that have been sent respectively. As seen from the example in Figure 6, in this case, the dynamic codebook only accounts for the 3 SL DCIs.
[image: ]
[bookmark: _Ref23969740]Figure 6. Example of dynamic sidelink HARQ-ACK codebook
[bookmark: _Ref24189488]Proposal 13. SL DCI carries cDAI indicating the index of currently received SL DCI, and tDAI indicating the total number of SL DCI up to this point in time.

In Uu, the type2 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 1. R15 type2 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 configured sidelink grant, a similar structure can also be reused for sidelink.
In general, the type2 sidelink HARQ-ACK codebook is constructed with the following steps:
· Step1. For a PUCCH for sidelink HARQ-ACK, determining an associated set of monitoring occasion as the monitoring occasions carrying SL DCI in which the PUCCH is indicated for HARQ-ACK reporting based on K1’and K2’, where K1’ and K2’ are discussed in section 7.1.
· Step2. Concatenating the HARQ-ACK bits corresponding to received SL DCIs for dynamic scheduling or configured sidelink grant type2 release in the 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 configured grants, the bit is appended to the HARQ-ACK bits generated in step2.
Table 2. Sidelink type2 HARQ-ACK codebook
	sidelink codebook (for TB level based scheduling)

	HARQ-ACK bits corresponding to dynamic scheduling and configured sidelink grant type2 release

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



[bookmark: _Ref23975091]Proposal 14. Type2 sidelink HARQ-ACK codebook is constructed with the following steps:
· Step1. For a PUCCH for sidelink HARQ-ACK, determining an associated set of monitoring occasion as the monitoring occasions carrying SL DCI in which the PUCCH is indicated for HARQ-ACK reporting based on K1’and K2’.
· Step2. Concatenating the HARQ-ACK bits corresponding to received SL DCIs for dynamic scheduling or configured sidelink grant type2 release in the 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.

4.2. Multiplexing between SL and DL HARQ-ACK
	Agreements:
· NR supports multiplexing of SL HARQ-ACK(s) and DL HARQ-ACK(s) in a single PUCCH resource. 
· A UE does not expected to be indicated to transmit HARQ-ACK information for SPS PDSCH receptions and SL configured grants in a same PUCCH.
· Note: A UE can be provided with multiple SL CGs/DL SPSs with different (non-overlapping) slots for the corresponding PUCCH transmissions for SL/DL HARQ-ACK reporting.
· The PUCCH resource used for reporting the multiplexed HARQ-ACKs is determined by the last DCI among all DCIs associated with the reported HARQ-ACKs (e.g., carrying a SL grant, scheduling a PDSCH, etc.).
· FFS whether the DL HARQ-ACK PUCCH resource set(s) or the SL HARQ-ACK PUCCH resource set(s) is used.
· 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.


When determining the union of associated monitoring occasions of type2 DL HARQ-ACK codebook on a PUCCH in R15, monitoring occasions carrying DCI in which the PUCCH is indicated for HARQ-ACK reporting based on K1 and K0 is added in the union across all CCs, regardless of their RNTI and associated search space set.
However, if this rule is reused for the sidelink HARQ-ACK codebook, such that a specific set of monitoring occasions is configured for both DL DCI and SL DCI, there will be some issues. Firstly, if a search space set is shared by both Uu DCI and SL DCI, it is impossible for TX UE to identify whether a monitoring occasion contributes to a DL HARQ-ACK codebook or to a SL HARQ-ACK codebook until UE has successfully decoded the DCI. Thus, TX UE can determine neither the SL codebook size nor the DL codebook size until it has gone through all the possible monitoring occasions and decoded the last received DCI. In this case, the two codebooks are still closely related to each other and cannot be handled individually.
Secondly, the traffic pattern between sidelink services and Uu services can be divergent. A search space set with monitoring occasions configured for DL HARQ-ACK feedback can only address the characteristics of Uu service, such as periodicity and the starting offset of Uu traffic, but cannot address the characteristics of sidelink services. 
Thirdly, shared monitoring occasions between Uu and SL means that the pseudo-code in 38213 has to be revised a lot by checking the SL DCI in each step, meanwhile complicates UE implementation.
In other words, these requirements, i.e., independency between DL/SL codebook, different periodicity and arrival timing, fewer spec efforts and less impact to Uu, cannot rely on a search space set shared between Uu and sidelink, since sidelink services would have different requirements and would require specific monitoring occasions.
[bookmark: _Ref24137089][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Observation 5. If a set of monitoring occasions are shared by DL DCI and SL DCI, TX UE can determine neither the SL codebook size nor the DL codebook size until it has gone through all the possible monitoring occasions and decoded the last received DCI. In this case, the SL codebook and DL codebook are still closely related to each other and cannot be handled individually. 
[bookmark: _Ref24187174]Proposal 15. A UE-specific search space set should be defined for monitoring mode-1 SL DCI only.

4.3. Multiplexing between SL HARQ-ACK and DL CSI
If the device is transmitting sidelink HARQ-ACK and Uu CSI/SR together, the sidelink HARQ-ACK, in some sense, can be considered as ‘special’ HARQ-ACK, such that the multiplexing between them can be handled in the same way of multiplexing between DL HARQ-ACK and CSI/SR in the downlink. 
For simultaneous sidelink HARQ-ACK and DL HARQ-ACK, we agreed that SL HARQ-ACK bits are generated using the Rel-15 procedures and concatenated to the DL HARQ-ACK bits. Moreover, once the number of multiplexed bits exceeds the maximum payload size of the PUCCH resource set, sidelink related information should be dropped first.
With the above principles, an example of the concatenated reporting format is as below:
Table 3. Example of multiplexing between different type of sidelink information and UCI
	DL HARQ-ACK codebook
	Sidelink HARQ-ACK codebook
	Uu SR
	Uu CSI


[bookmark: _Ref23975093]Proposal 16. The multiplexing between sidelink HARQ-ACK and Uu CSI/SR is handled in the same way as the multiplexing between DL HARQ-ACK and Uu CSI/SR, that is, Uu SR and CSI is appended after sidelink HARQ-ACK.
[bookmark: _Ref23975097]Proposal 17. Once the number of multiplexed bits of sidelink HARQ-ACK and UCI exceeds the maximum payload size of the PUCCH resource set, sidelink related information should be dropped first.

5. PUCCH resource
For PUCCH configured for sidelink HARQ-ACK, some parameters related to the determination of PUCCH resource and PUCCH resource set should be discussed.
· PUCCH for configured grant
Configured grant consists of a set of transmission occasions which are determined by a combination of periodicity, offset, and T/F allocation. As the PUCCH transmission occasion for sidelink HARQ-ACK report for a configured grant is after all transmission occasions of periodicity, the PUCCH resources(s) associated with a configured sidelink grant must be also characterized by a configurable period and a configurable offset. A PUCCH resource id should also be provided for HARQ-ACK for sidelink transmissions with no corresponding SL DCI.
[bookmark: _Ref23975100]Proposal 18. For the PUCCH for sidelink HARQ-ACK report for a configured grant, a set of periodically reoccurring PUCCH resources should be provided with PUCCH resource id, a periodicity and offset
· The periodicity is the same as that of the associated configured grant.
· The offset is the slots between the PUCCH and the last transmission occasion.

· [bookmark: _Hlk23942461]maxPayloadSize of PUCCH resource set
When UE is going to transmit UCI, it firstly determines a PUCCH resource set based on UCI payload size, after which it determines the PUCCH within the set. It was agreed that the PUCCH resource used for reporting the multiplexed HARQ-ACKs is determined by the last DCI among all DCIs associated with the reported HARQ-ACKs. 
[bookmark: _Ref23975101]Proposal 19. For the case where a PUCCH is indicated to carry multiplexed bits of sidelink HARQ-ACK and UCI, UE determines a PUCCH resource set according to the last associated DCI type and the multiplexed bit size of associated PUCCH resource set(s) .

· simultaneousHARQ-ACK-CSI& multi-CSI-PUCCH-ResourceList
In R15, if simultaneousHARQ-ACK-CSI is present, the UE uses simultaneous transmission of CSI and HARQ-ACK feedback with or without SR with PUCCH format 2, 3 or 4. multi-CSI-PUCCH-ResourceList provides up to 2 PUCCH resource id(s) that can be used to transmit multiple CSI reports. However, there is no sidelink CSI report from TX UE to gNB, there is no need to include this information in PUCCH configuration for sidelink. 
Meanwhile, as we discussed above, SL HARQ-ACK in some sense can be considered as ‘special’ HARQ-ACK in the downlink, once this field is present in the PUCCH configuration for Uu, it can be interpreted as that the multiplexing between sidelink HARQ-ACK and Uu CSI is allowed.
[bookmark: _Ref23975104]Proposal 20. If simultaneousHARQ-ACK-CSI is present in the PUCCH configuration for Uu, it can be interpreted as that the multiplexing between sidelink HARQ-ACK and Uu CSI is allowed.

6. Activating/deactivating multiple configured sidelink grant 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.
The similar issue had been discussed in the URLLC session for UL CG, and it was agreed that separate activation/de-activation of multiple UL CGs is supported and joint de-activation for different Type 2 UL CGs is supported. Therefore, following proposals are made.
[bookmark: _Ref7299745]Proposal 21. At least separated activation/de-activation for different Type2 configured sidelink grants are supported.
[bookmark: _Ref23975106]Proposal 22. Joint de-activation for different Type2 configured sidelink grants is supported.

7. [bookmark: _GoBack]Dynamic scheduling 
7.1. [bookmark: _Ref16781683]Scheduling timing
One remaining issue is that should these time delays (K2’/K1’) be defined in terms of physical slots/symbols or not. In Rel-15 NR, the time offsets between grant and transmission/reception/feedback are defined as a set of physical slots or symbols of Uu. However, the time resources assigned for sidelink in the licensed band may be non-continuous in the time domain, UE has to reconstruct the sidelink resource pools further. 
· Opt1. The timing offset is defined as an absolute value, e.g., defined by physical index.
· Opt2. The timing offset is defined as a relative value, e.g., defined by logical index (i.e., the sidelink index). 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6] [image: ]
[bookmark: _Ref534877070]Figure 7．Time delay in mode-1 scheduling
One reason for supporting Opt.1 would be to facilitate reuse of legacy K0/K1/K2 defined for Uu interface. 
[image: ]
[bookmark: _Ref534917504]Figure 8．Example of K2’=2 slot
In Opt.2, the position of the target resource will be determined by the value of the time delay quantity and resource pool configuration jointly. For example, K2’ signaled in DCI is interpreted as the K2’th sidelink slot relative to the Uu slot where the DCI was received. As shown in Figure 8, UE received a DCI indicating K2’=2 at slot n; then it performs SCI transmission on the second available sidelink slot which is located at slot n+m. The time gaps between DCI and the corresponding sidelink transmission in terms of Uu time and sidelink time are m slots and two slots respectively. 
[bookmark: _Ref18421347]Proposal 23. Time offset between DCI and its associated sidelink transmissions, and time offset between the scheduled sidelink transmission and the associated PUCCH resource, should be defined in physical time index.

7.2. Timing of sidelink transmission
UEs far from the base station encounter a larger propagation delay than ones near to the base station. Consequently, the DCI reception timing across UEs are different. Therefore, UEs need to align their sidelink transmission timing with an absolute reference point. 
As illustrated in Figure 9, DCI indicating that the first sidelink transmission should not be earlier than slot n+4 is transmitted at slot n. UE1 and UE2 experience different propagation delays, i.e.,  and , resulting in different understandings of n+4 if DL reception timing is used as the reference for sidelink transmissions. In LTE V2X, to avoid severe DL-SL interference and potential confusions on start timing of sidelink, the propagation delay should be compensated by introducing a negative offset , thereby the sidelink transmission timing is aligned with the DL transmission timing at the base station side.
[image: ]
[bookmark: _Ref23487024]Figure 9. LTE V2X transmission using DL timing as reference
For mode-1 UE, an approach similar to LTE V2X can be reused when determining the starting time of sidelink transmission. 
[bookmark: _Ref23497810]Proposal 24. Similar to LTE, sidelink transmission in mode-1 should use the DL transmission timing as a reference.

Given that the SCS of SL DCI and sidelink can be different, it is preferred to align the granularity of sidelink timing to the sidelink SCS. On the other hand, it should be noted that, for NR Uu,  indicating the DL-UL timing offset is expressed in terms of the highest SCS across all activated UL BWPs. If UE is configured with more than 1 UL CCs, it is possible that SCSs of DCI, SL and  are different. Since  is applied to align the sidelink transmission timing with an absolute Uu timing, there is no need to further scale .
For example, UE should start sidelink transmission in a slot belonging to the target resource pool and should start no earlier than   where  is the start of the sidelink slot that overlaps with SL DCI reception,  is the minimum processing time requirement in terms of sidelink SCS for mode-1 and  is the DL-UL timing offset defined in R15 NR Uu. 
[bookmark: _Ref23497796]Observation 6. The SCSs of , SL DCI and the scheduled sidelink transmission can be different.
[bookmark: _Ref23497812]Proposal 25. Upon receiving the SL DCI, UE should start sidelink transmission no earlier than where is the start of the sidelink slot that overlaps with the SL DCI reception,  is the minimum processing time requirement in terms of sidelink SCS for mode-1 and  is the DL-UL timing offset defined in R15 NR Uu. 
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Figure 10. mode-1 scheduling with different SCSs

7.3. SL DCI content
A new DCI format (named as DCI format 3) should be introduced in NR Uu to schedule the sidelink transmission. 
The following fields are considered for SL DCI:
· Cross-carrier indicator
Even though the WID scope has been restricted as a single CC case for NR sidelink, for the sake of further extension, a cross-carrier indicator should be included to support multi-carrier scheduling in the later releases.
· DMRS pattern
TX UE decides which DMRS pattern is used. No need to be indicated in DCI.
· Resource allocation 
Given that RAN1 agreed that the starting point and duration of PSCCH is known to RX UE before SCI decoding, the TDRA of PSCCH must be configured in advance. Moreover, the duration of PSSCH can also be derived since the granularity of PSSCH allocation is a slot.
· multiple-transmissions
RAN1 agreed that dynamic grant provides resources for one or multiple sidelink transmissions of a single TB. At least 2/4/8 repetitions can be considered. Moreover, the resources can be non-consecutive; otherwise, the UE may miss packets in a relatively long time due to half-duplex restriction. The time gap between resources for different transmission should be a part of DCI.
· Time offset
The time offsets mentioned in section 7.1 can also be provided in DCI. 
· Cast type
The DCI scheduling broadcast transmission may differ from the unicast transmission as different QoS modules are used between them. Moreover, PSFCH may be used for unicast and groupcast, but not for broadcast. On the other hand, it would be better to keep a single DCI format that applies to all cast types. Therefore, the DCI should be designed to distinguish the scheduling of different cast types. 
· Resource pool indicator
Since multiple resource pools can be enabled at the same time, a field indicating which resource pool the DCI intends for should be considered, otherwise UE could be confused with the interpretation of the resource allocation field in DCI. 
· Configured grant id
Since multiple active configured grants can be supported, the DCI needs to indicate the target grant id that an activation/de-activation command/retransmission assignment intending for.
We summarize the field sizes in Table 4 based on the following assumptions:
· subchannel size is 10 RB
· Case 1: minimum initial bwp=24 RB, SL BWP=24 RB=2 subCH
· Case 2: maximum initial bwp=96 RB, SL BWP =275 RB=23 subCH
A field with bracket means it is mandatorily present for DCI format 3. A field without bracket indicates that the field may be present or absent in DCI format 3, depending on the configured sidelink features or UE capabilities. For example, for a UE which supports transmissions in only 1 resource pool per instance, the pool id field doesn’t exist. But for another UE who supports simultaneous transmissions on multiple pools, the pool id of 4 bits is included in DCI format 3.
[bookmark: _Ref16006955]Table 4. Content of DCI format 3
	Field
	Format 0-0 in CSS
	Format 1-0 in CSS
	Format 3

	DCI identification
	1 bit
	1 bit
	–

	CFI
	–
	–
	3 bits

	UL/SUL
	0,1 bits
	–
	–

	BWP indicator
	–
	–
	–

	FDRA

	Variable
Case 1: 9 bits
Case 2: 13 bits
	Variable
Case 1: 9 bits
Case 2: 13 bits
	PSSCH: Variable
Case 1: 2 bits
Case 2: 9 bits

	
	
	
	PSCCH: [0, 4 bits]

	TDRA
(including time offset between DCI and SL transmission)
	4 bits
	4 bits
	–

	VRB-to-PRB mapping
	–
	1 bit
	–

	Frequency hopping
	1 bit
	–
	–

	Number of transmissions
	–
	–
	0, 2 bits

	[Gap between different transmissions]
	–
	–
	[2 bits]

	NDI
	1 bit
	1 bit
	1 bit

	RV
	2 bis
	2 bis
	2 bits

	Uu HARQ Process ID
	4 bits
	4 bits
	–

	SL HARQ Process ID
	–
	–
	4 bits

	[DAI]
	–
	2 bits
	[0, 2, 4 bits]

	CBGTI
	–
	–
	–

	Timing for HARQ-ACK
(K1’)
	–
	3 bits
	3 bits

	PUCCH for HARQ-ACK report
	–
	3 bits
	3 bits

	Multi-antenna related parameter
	–
	–
	–

	Power control
	2 bits
	2 bits
	–

	Cast type
	–
	–
	2 bits

	[Pool ID]
	–
	–
	[0, 4 bits]

	Configured grant ID
	–
	–
	4 bits

	Activation/de-activation
	–
	–
	1 bit

	DCI size of case 1

	Fallback DCI formats need to be size-aligned: 
37 bits
	25-41 bits


	DCI size of case 2 
	Fallback DCI formats need to be size-aligned: 
41 bits
	32-48 bits


From Table 4, it is noted that the range of DCI format 3 size is quite extensive, thus being difficult to guarantee the alignment between DCI format 3 and fallback DCI format. Non-fallback DCI formats have a more flexible DCI size range compared to fallback DCI formats since they support additional configurable Uu features. More specifically, the minimum size of non-fallback DCI 1_1 of case 1 is 44 bits while the maximum size is larger than 60 bits. It seems like it would be better to align DCI format 3 with non-fallback DCI by using some conventional operation, namely, zero-padding or truncation of FDRA. 
However, given that there is no clear relation between sidelink features and Uu features, the divergence between sidelink scheduling and Uu scheduling can be significant. Besides, the granularity of FDRA in DCI format 3 can also be much larger than that of non-fallback DCI format. Thus it is not appropriate to align DCI format 3 with non-fallback DCI format by FDRA truncation. Thirdly, if non-fallback DCI format is padded with zeros to align with DCI format 3, the coding rate will increase, thus leading to narrowed Uu coverage. Last but not least, for the sake of further extension, a particular DCI size is more desirable for DCI format 3. Therefore, we propose to support an additional DCI size budget for SL DCI. 
[bookmark: _Ref23975119][bookmark: _Ref4859106]Proposal 26. DCI format for SL mode-1 dynamic scheduling includes CFI, cast type, resource pool id,  configured grant id of the associated sidelink transmission.
Proposal 27. Specify a new DCI format for SL mode-1 dynamic scheduling with an additional DCI size budget.

8. Sidelink resource on licensed band
In LTE, only sidelink transmission on the uplink resource is allowed. Similarly, we consider three following options for SL transmission on NR licensed band:
· Opt.1 UL symbols
· Opt.2 X symbols
· Opt.3 UL+X symbols
In Opt.1, sidelink resource controlled by gNB is based on the uplink resource only, which imposes some restrictions on the sidelink operation as the time resource pattern of sidelink has to adapt to the UL-DL configuration. The available sidelink resource, however, would be distributed in widely scattered uplink symbols in the time domain. It is likely that some advanced services with strict requirements may need mode-1 operation to ensure good performance. However, with Opt.1, the available sidelink resources on the licensed band may be insufficient to meet the need, especially when DL and X contributing a large portion of the TDD configuration. If flexible symbols can be reused, the gNB has the flexibility to allocate both X and UL resources for sidelink. One concern about reusing the flexible symbol is how to handle the coexistence of sidelink and Uu transmission under the dynamically changing framework of slot structure in NR. Nevertheless, as gNB is in charge of resource assignment of DL, UL, and SL, it can avoid the interference. 
[bookmark: _Ref4943330]Proposal 28. Uplink symbols and flexible symbols in NR Uu can be used for NR sidelink.

9. LTE Uu to control NR SL
It should be discussed that whether unicast and groupcast traffic can be supported in the LTE Uu controlling NR sidelink case with the condition that no additional function/procedure is to be introduced for LTE Uu. One main concern of supporting unicast and groupcast is that once a NACK is received, the TX UE will request resource allocation of retransmission from eNB by sending sidelink HARQ-ACK report, implying that a new LTE SL DCI format carrying PUCCH resource indicator and NDI are required to be specified. However, RAN1 has also agreed to support unicast/groupcast transmission with HARQ feedback disabled. Therefore, at least for unicast/groupcast transmission without HARQ feedback, no additional changes are required to LTE Uu. 
[bookmark: _Ref16063018]Observation 7. At least unicast and groupcast transmission without HARQ feedback can be supported in the case of LTE Uu controlling NR sidelink without changes to LTE Uu.

In LTE V2X, the pattern of sidelink resource pool is obtained by combining the resource pool indicator and TDD UL/DL config. The resource pool indicator is expressed as a sequence of 1 and 0. Only if the TDD UL/DL config indicates ‘UL’ and the resource pool indicator indicates ‘1’, should the corresponding symbols be for sidelink use. The formats of TDD UL/DL config of LTE and NR are defined in quite diverse ways, mainly differing in symbol types, periodicity, and signaling design. In the case of LTE controlling NR sidelink, UE obtains a configuration index corresponding to a frame-level TDD UL/DL partitioning from eNB, while in NR controlling NR sidelink case, it can also get a concatenation of up to two DL-Flexible-UL patterns from gNB. NR sidelink UE equipped with LTE&NR Uu modules is required to handle both cases and should be able to derive the TDD pattern and resource pool patterns with both TDD UL/DL config formats. Therefore, the LTE design can be reused to save efforts. For example, a resource pool bitmap can be provided by gNB to indicate the available (uplink and/or flexible) symbols for sidelink. Furthermore, eNB can provide a TDD UL/DL config similar to NR DL-Flexible-UL patterns for inter-RAT sidelink resource configuration, for the sake of reducing the computational complexity at NR sidelink UE side.
[bookmark: _Ref4943332]Proposal 29. In the case of LTE Uu controlling NR sidelink, the eNB should send a TDD configuration (similar to the TDD UL-DL-ConfigurationCommon in NR) to be used in NR sidelink.

10. Conclusion
In this contribution, we discuss potential physical layer design for NR sidelink mode-1 scheduling and have the following observations and proposals:
Observation 1. If gNB assigns sidelink resources to TX UE without considering the associated RX UE, RX UE may fail to receive the scheduled packet due to transmission collision between TX UE and RX UE (i.e., half-duplex issue).
Observation 2. If UE doesn’t transmit any feedback for an unused configured grant, gNB can’t identify that the HARQ-ACK bit(s) in the PUCCH corresponds to a configured grant or a dynamic scheduling when the PUCCH is also used for sidelink HARQ-ACK report for dynamic scheduling.
Observation 3. Type1 codebook based on candidate PSFCH occasions is more significant in size than that based on PSCCH/PSFCH occasions.
Observation 4. For configured grant containing N transmission occasions or dynamic grant scheduling N transmissions, if only 1 sidelink HARQ-ACK bit is reported, it is impossible to semi-statically determine the codebook size.
Observation 5. If a set of monitoring occasions are shared by DL DCI and SL DCI, TX UE can determine neither the SL codebook size nor the DL codebook size until it has gone through all the possible monitoring occasions and decoded the last received DCI. In this case, the SL codebook and DL codebook are still closely related to each other and cannot be handled individually.
Observation 6. The SCSs of , SL DCI and the scheduled sidelink transmission can be different.
Observation 7. At least unicast and groupcast transmission without HARQ feedback can be supported in the case of LTE Uu controlling NR sidelink without changes to LTE Uu.

Proposal 1. Mode-1 scheduling based on the cast type, source ID, destination ID and the association between TX and RX UE(s) should be supported.
Proposal 2. TX UE reports cast type, source ID, destination ID and its association with RX UE to gNB.
Proposal 3. TX UE shall terminate the retransmission(s) of a TB if it has been acknowledged that the TB was successfully decoded by all RX UE(s) and report ACK to gNB.
Proposal 4. Dynamic grant carries NDI and sidelink HARQ ID.
Proposal 5. Confirm the working assumption that each configured sidelink grant has PSCCH and PSSCH.
Proposal 6. It is up to TX UE to decide the HARQ process ID and RV pattern of the transmission occasion of a configured sidelink grant.
Proposal 7. The SL RNTI for configured sidelink type2 activation/de-activation is used to monitor the DCI scheduling retransmission of a configured sidelink grantf(type1 and type2). This DCI carries the configured grant ID instead of SL HARQ process ID.
Proposal 8. The configuration of maximum number of HARQ re-transmissions for a TB is not applicable in mode-1.
Proposal 9. If at least one expected PSFCH is not detected in groupcast option2, NACK should be reported to gNB.
Proposal 10. If all resources within a periodicity of a configured grant are unused, ACK should be reported to gNB.
Proposal 11. Type1 sidelink HARQ-ACK codebook is generated based on the transmission occasion of PSCCH/PSSCH and the offset between transmission occasion and PUCCH.
Proposal 12. For configured grant containing N transmission occasions or dynamic grant scheduling N transmissions, N-1 NACKs are reported to gNB with the determined sidelink HARQ-ACK bit based on associated PSFCH occasions.
Proposal 13. SL DCI carries cDAI indicating the index of currently received SL DCI, and tDAI indicating the total number of SL DCI up to this point in time.
Proposal 14. Type2 sidelink HARQ-ACK codebook is constructed with the following steps:
· Step1. For a PUCCH for sidelink HARQ-ACK, determining an associated set of monitoring occasion as the monitoring occasions carrying SL DCI in which the PUCCH is indicated for HARQ-ACK reporting based on K1’and K2’.
· Step2. Concatenating the HARQ-ACK bits corresponding to received SL DCIs for dynamic scheduling or configured sidelink grant type2 release in the 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 15. A UE-specific search space set should be defined for monitoring mode-1 SL DCI only.
Proposal 16. The multiplexing between sidelink HARQ-ACK and Uu CSI/SR is handled in the same way as the multiplexing between DL HARQ-ACK and Uu CSI/SR, that is, Uu SR and CSI is appended after sidelink HARQ-ACK.
Proposal 17. Once the number of multiplexed bits of sidelink HARQ-ACK and UCI exceeds the maximum payload size of the PUCCH resource set, sidelink related information should be dropped first.
Proposal 18. For the PUCCH for sidelink HARQ-ACK report for a configured grant, a set of periodically reoccurring PUCCH resources should be provided with PUCCH resource id, a periodicity and offset
· The periodicity is the same as that of the associated configured grant.
· The offset is the slots between the PUCCH and the last transmission occasion.
Proposal 19. For the case where a PUCCH is indicated to carry multiplexed bits of sidelink HARQ-ACK and UCI, UE determines a PUCCH resource set according to the last associated DCI type and the multiplexed bit size of associated PUCCH resource set(s) .
Proposal 20. If simultaneousHARQ-ACK-CSI is present in the PUCCH configuration for Uu, it can be interpreted as that the multiplexing between sidelink HARQ-ACK and Uu CSI is allowed.
Proposal 21. At least separated activation/de-activation for different Type2 configured sidelink grants are supported.
Proposal 22. Joint de-activation for different Type2 configured sidelink grants is supported.
Proposal 23. Time offset between DCI and its associated sidelink transmissions, and time offset between the scheduled sidelink transmission and the associated PUCCH resource, should be defined in physical time index.
Proposal 24. Similar to LTE, sidelink transmission in mode-1 should use the DL transmission timing as a reference.
Proposal 25. Upon receiving the SL DCI, UE should start sidelink transmission no earlier than where is the start of the sidelink slot that overlaps with the SL DCI reception,  is the minimum processing time requirement in terms of sidelink SCS for mode-1 and  is the DL-UL timing offset defined in R15 NR Uu.
Proposal 26. DCI format for SL mode-1 dynamic scheduling includes CFI, cast type, resource pool id,  configured grant id of the associated sidelink transmission.
[bookmark: _Hlt20722881][bookmark: _Hlt20722882]Proposal 27. Specify a new DCI format for SL mode-1 dynamic scheduling with an additional DCI size budget. 
Proposal 28. Uplink symbols and flexible symbols in NR Uu can be used for NR sidelink. 
Proposal 29. In the case of LTE Uu controlling NR sidelink, the eNB should send a TDD configuration (similar to the TDD UL-DL-ConfigurationCommon in NR) to be used in NR sidelink.
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Annex A
Table 5. System level simulation assumption
	Parameter
	value

	Deployment
	Highway scenario

	UE drop
	Option A (140km/h)

	Carrier frequency
	6GHz

	Bandwidth 
	20MHz

	Subcarrier spacing
	30KHz

	TTI structure
	10 symbols for data

	Traffic parameter
	Traffic type: Aperiodic traffic
Packet arrival interval: 10ms+an exponential random variable with the mean of 10ms
Packet latency requirement: 10ms
Packet size: 200-2000byte

	HARQ max transmission time
	Four time

	HARQ combination method
	IR

	Communication type
	Unicast

	Channel model
	Sidelink highway channel model defined in 37.885 [2]
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