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1. Introduction
In RAN WG1 #98bis meeting, the following agreements were made:
	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 this contribution, we discuss aspects on resource allocation for NR sidelink Mode 1.

2. Discussion
2.1. Resource allocation
Unlike LTE Uu interface, slot format which includes downlink, uplink, and flexible symbols is newly defined in Rel. 15 NR Uu interface. The configuration of slot format is provided by cell specific or UE dedicated higher layer signaling, or provided by DCI if the corresponding UE is configured to monitor PDCCH for DCI format 2-0. In RAN1#94 meeting, there was a discussion for sidelink resources on licensed carrier based on Rel. 15 signaling mentioned above, and several options were listed. Considering the coexistence with Rel. 15 NR Uu, the discussion based on Rel. 15 signaling for determining resources to be used for NR sidelink in licensed carrier can be a starting point. Discussion on Rel. 16 signaling, e.g., whether to adopt signaling for new part such as ‘sidelink’ in slot format indication, can be initiated afterwards.
Basically, sidelink needs to avoid downlink transmission in order to prevent performance loss due to interference from it. Regarding the slot format, one possible approach is to use uplink symbols which are determined by cell-specific semi-static D/U assignment. Then, there occurs an issue whether flexible symbols which are determined by cell-specific semi-static D/U assignment and can be configured as uplink symbols are used to sidelink or not. If sidelink uses the flexible symbols, sidelink resources may need to be dynamically (re)configured because the configuration for the flexible symbols can be dynamically provided by DCI. It would be rather challenging if dynamic resource (re)configuration is adopted especially for out-of-coverage UEs. Furthermore, inter-cell interference can be another issue due to the different configuration on flexible symbols in different cells.
On the other hand, the use of flexible slot as well as UL slot for SL communication can be managed by the network not to cause a sever interference problem. In addition, it could be (pre-)configured by a cell specific higher layer signaling so that a dynamic change having possible interference issue is not allowed.
Proposal 1: In a shared licensed carrier, the slots for NR SL transmission are (pre-)configured by a cell specific higher layer signaling.
Furthermore, multiple type 2 configured grants to support various service type and/or latency requirement by using different set of periodicity and resource assignment can be considered. To save DCI overhead, it can be taken into account that single DCI is used for releasing multiple type-2 UL configured grants. Similar concept has been proposed and discussed in NR URLLC WI. SL operation may be developed in align with the relevant function defined in URLLC WI.
Proposal 2: The release of multiple type-2 SL configured grants by a single SL DCI is supported. For activation, a type-2 SL configured grant is activated by a SL DCI.
For SL communication, gNB cannot know the status of the SL resources if UE does not report the relevant status regarding the SL communication channel. In mode 1, gNB can schedule a dynamic grant or a configured grant resources for SL if UE reports the SL channel sensing results to gNB. Based on the sensing results, gNB can allocate the resources with less interference or congestion level for example. In addition, for the configured grant case, gNB doesn’t know whether the allocated resources are efficiently used by UE or not. For gNB to better understand the status of the usage of the configured grant resources, it’s helpful for UE to periodically report to gNB the usage of the configured grant resources.
Proposal 3: UE reports the following assistance information to gNB:
· Utilization ratio of the configured resources
For a dynamic grant and a configured grant case, if a TX UE used all the scheduled resources for transmission of a TB but failed to successfully transmit a TB, based on the HARQ feedback from the RX UE, the TX UE requests to gNB additional resources for retransmission through HARQ NACK report and the gNB schedules a dynamic grant resources to the TX UE. This additional retransmission resources allocated by a dynamic grant are used only for retransmission of the relevant TB, of which the transmission failed and was reported as HARQ NACK to gNB.
Proposal 4: When additional resources for retransmission are requested by HARQ feedback report, a dynamic grant allocates the additional resources.
Proposal 5: The additional retransmission resources as a result of HARQ NACK report are not used for transmission of a new TB.
In mode 1, when a UE is allocated the resources by a dynamic grant or a configured grant regardless of initial transmission or (HARQ-) retransmission, it’s up to TX UE implementation which TBs are transmitted using the dynamic or configured grant resources. RRC or DCI will not configure or indicate which resources are to be used for which services, which cast type or which destination through e.g. NDI or HARQ process ID or such.
Proposal 6: On the use of dynamic grant and configured grant resources, there is no restriction in association with e.g. HARQ process ID or NDI or RV. The use of the resources are up to UE implementation.
For interpretation of SL DCI indication of a timing offset between SL DCI reception and the first SL transmission, NR Uu PUSCH timing offset indication and interpretation are reused. That is, the SL numerology is used for the indicated timing offset if the numerologies are different between DL and SL BWP. The reference slot of the timing offset value of 0 corresponds to the first SL slot that overlaps with the DL slot containing the relevant SL DCI.
Proposal 7: NR Uu PUSCH timing offset indication and interpretation are reused for indicating the slot offset between SL DCI and the first SL transmission.
· Slot offset 0 indicates the first slot overlapping with the SL DCI slot.
The slot offset between the SL DCI reception and the first SL transmission is given in physical slot unit. The benefit of using the physical slot unit rather than the logical slot unit is the ease of control to meet the packet delay budget. As the logical slot number does not match the physical timing value, using the physical slot unit is more efficient. As the PSCCH and PSSCH belong to the SL resource pool that is defined in logical slot domain, the logical SL slot that first appears after the indicated timing offset is used for the first SL transmission.
[bookmark: _GoBack]Proposal 8: For DG and CG type-2, The slot offset between SL DCI and the first SL transmission is indicated in physical slot. The first SL transmission applies to the earliest SL logical slot after the indicated slot offset.
Regarding the CG resource determination, CG type-2 resource is determined as the same way as in LTE-V2X. The RRC configuration for CG type-2 includes the OFFSET and the PERIOD field. The first CG type-2 resource is the earliest SL resource after the OFFSET after the activation/release SL DCI reception. From the first CG type-2 resource, the following CG type-2 resources are determined as the periodic resources that appears with a period of the PERIOD in logical unit.
As for the CG type-1, a bit more complicated interpretation is needed. RRC configuration for CG type-1 also includes the OFFSET and the PERIOD field. The OFFSET is the offset in physical slot unit from the SFN0. When a UE receives and confirms the RRC configuring the CG type-1 resources and the RRC reception and confirmation timing is earlier than the OFFSET configured by the RRC, the first CG type-1 resource is the earliest SL resource after the OFFSET.
If the RRC reception and confirmation timing is later than the OFFSET configured by the RRC, the first CG type-1 resource is determined as described in the following figure. First, a UE ‘assumes’ the first virtual CG type-1 resource, which is offset to SFN0 by the OFFSET configured by the RRC. From the first virtual CG type-1 resource, the following virtual CG type-1 resources are assumed as a periodic resources that appears with a period of the PERIOD in physical unit. When the UE receives and confirms the RRC reception at some point of time, the actual first CG type-1 resource is determined as the earliest SL resources after the RRC confirmation timing. From the first CG type-1 resource, the following CG type-1 resources are determined as the periodic resources that appears with a period of the PERIOD in logical unit.
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Figure 1. Configured grant type-1 resource interpretation
Proposal 9: The first CG type-1 resource is determined as follows.
1) A UE assumes the periodic virtual CG type-1 resources with a period of RRC-configured OFFSET in physical slot unit
2) After the UE confirms the RRC reception, the actual first CG type-1 resource is the earlies SL slot resource after the RRC reception timing.
3) The following CG type-2 resources are the periodic resources with a period of RRC-configured OFFSET in logical slot unit
2.2. Search spaces and DCI format
Search space for SL DCI monitoring can be configured to overlap or not to overlap with search space for Uu DCI monitoring. In configuring search space for SL DCI, following issues needs to be considered.
1) Number of monitored PDCCH (no more than predefined limit)
2) Number of monitored non-overlapped CCE (no more than predefined limit)
3) DCI size budget
· the total number of different DCI sizes configured to monitor is no more than 4 for the cell
· the total number of different DCI sizes with C-RNTI configured to monitor is no more than 3 for the cell
By introducing SL DCI on top of Uu DCI, all three numbers above are affected and it’s possible that they violates the predefined maximum limit. Regarding the DCI size budget, NR DCI size budget condition should be met when SL DCI search space is configured. In other words, NR DCI size budget includes the DCI size for SL scheduling.
Proposal 10: Existing NR DCI size budget is maintained for NR SL mode 1 UE.
For SL operation in licensed carrier, SL DCI search spaces are configured to fully overlap with Uu DCI search spaces to remove first two issues listed above. In addition, SL DCI sizes are aligned with Uu DCI sizes on the overlapped search space to remove the last issue. With this conditions, there is no issue regarding the BD/CCE limit and DCI size budget issue with introducing SL DCI search spaces in licensed carrier.
Proposal 11: In case of SL operation in licensed carrier, one of Uu DCI search spaces is used as SL DCI search space. SL DCI size is same as one of Uu DCI sizes in the relevant search space.
For SL operation in dedicated ITS carrier, SL DCI search space may or may not overlap with Uu DCI search space. If SL DCI search space does not overlap with Uu DCI search space, DCI search space monitoring operation may be dropped when the number of monitored PDCCH or CCE exceeds the limits. One of the solution to minimize dropping of SL DCI search space monitoring may be assign low index to the SL DCI search space. In this way, SL DCI monitoring operation may be kept as much as possible.
If SL DCI search space fully overlaps with the Uu DCI search space in dedicated ITS carrier, similar operation to the licensed carrier can be done to satisfy the DCI size budget. If the number of DCI sizes exceeds the DCI size budget and there are more than one Uu DCI sizes same or greater than SL DCI size, zero can be padded to SL DCI to align its size to closest Uu DCI size. If all Uu DCI sizes are smaller than SL DCI size, size alignment between SL DCI size and Uu DCI size needs to be done. There are several options for consideration. First method is to truncate the SL DCI size to be aligned with the Uu DCI size. Second method is to pad zeros to Uu DCI to align Uu DCI size with SL DCI size. Third method is to make SL DCI size configurable so that the DCI size alignment should be always possible. The last method is to make network ensure that SL DCI size is always equal to or smaller than Uu DCI size.
Proposal 12: When SL operation on ITS carrier is cross-carrier scheduled by SL DCI on licensed carrier, SL DCI search space is independently configured from Uu DCI search spaces. If SL DCI search space overlaps with one of the Uu DCI search spaces, size alignment between SL DCI and Uu DCI is performed.
2.3. BWP switching
It was agreed in RAN1 Adhoc 1901 that UE is not expected to use different numerology in the configured SL BWP and active UL BWP in the same carrier at a given time. Following the agreement, if UL BWP switching happens and the numerology of UL BWP changes, SL BWP is no longer valid and deactivated. If numerology doesn’t change due to UL BWP switching, SL configured grant type-1 or type-2 resources are considered as valid after UL BWP switching. If DL BWP is switched from one to another, SL configured grant type-1 or type-2 resources are always considered as valid. As for the PUCCH resources for SL HARQ feedback report from transmitter UE to gNB, if UL/DL BWP is switched to a new BWP, the PUCCH resources are considered as invalid and released for other use.
Proposal 13: If mode 1 UE has SL configured grant, it assumes that such grant is valid after DL BWP switching. If the numerology doesn’t change due to UL BWP switching, the SL configured grant remains valid.
2.4. SL HARQ feedback
According to the agreement, for selecting PUCCH offset/resource and format in UL, the Rel-15 procedure and signaling for DL HARQ-ACK are reused for dynamic grant and configured grant type-2 while RRC is used to configure PUCCH offset/resource and format in UL. In other words, for dynamic grant and configured type-2, RRC will be used to configure the set of PUCCH offsets and the set of PUCCH resources, respectively. Then, DCI for dynamic SL grant or for configured type-2 activation will indicate one of PUCCH offset among the set of PUCCH offsets and one of PUCCH resource among the set of PUCCH resources. In Uu link, a PUCCH resource includes the following parameters:
· a PUCCH resource index
· an index of the first PRB prior to frequency hopping or for no frequency hopping
· an index of the first PRB after frequency hopping
· an indication for intra-slot frequency hopping 
· a configuration for PUCCH format, from PUCCH format 0 though PUCCH format 4
In this case, since the concept of PUCCH resource already includes PUCCH format, DCI does not need to indicate PUCCH format explicitly. 
Proposal 14: For selecting PUCCH offset/resource and format in UL,
· Set of PUCCH offsets is RRC-configured.
· DCI for dynamic grant of SL resources indicates a PUCCH offset from the set.
· DCI activating of configured grant Type-2 for SL resources indicates a PUCCH offset from the set.
· Set of PUCCH resources is RRC-configured.
· DCI for dynamic grant of SL resources indicates a PUCCH resource from the set.
· DCI activating configured grant Type-2 for SL resources indicates a PUCCH resource from the set.
On the reference point for the PUCCH transmission timing, the reference point is the slot containing PDSCH in NR Uu link. That is, the timing offset (K1) is the slot gap between slot where PDSCH is received and slot where the associated PUCCH will be transmitted. There are several options for a reference point for PUCCH to report SL HARQ feedback. 
First, a slot containing PDCCH that schedules SL resources can be a reference point. In this case, K1 is defined as a gap from a slot containing PDCCH to a slot containing PUCCH. The K1 value needs to be large enough to accommodate all the processing times for PSCCH, PSSCH, and PSFCH transmission. 
Second, a slot containing PSCCH or PSSCH can be a reference point. In this case, K1 is defined as gap from a slot containing PSCCH or PSSCH to a slot containing PUCCH. There is no misunderstanding between UE and gNB on PSCCH and PSSCH timing. Since the PSCCH and PSSCH slot position is behind that of PDCCH, the K1 value is smaller than that of the first case above. It’s necessary that the K1 value is determined to accommodate the processing time for PSSCH and/or PSFCH transmissions. In addition, when the PSFCH resource period N is more than one slot, TX UE may not know HARQ states of PSSCH when it does not receive the associated PSFCH from the RX UE. 
Third, a slot containing PSFCH can be a reference point. In this case, K1 is defined as slot gap from a slot containing PSFCH to a slot containing PUCCH. As the timing of PSFCH is derived from that of PSCCH/PSSCH, UE and gNB have same understanding on the PSFCH timing. After receiving PSFCH, TX UE can decide PUCCH timing for SL HARQ feedback report to gNB. Since the payload to be transmitted on PUCCH will be available at TX UE side after the TX UE receives PSFCH from the RX UE, it would be straightforward that the reference point for the PUCCH transmission timing is the slot where the TX UE receives PSFCH associated with PSSCH transmission(s) indicated by the DCI. 
In addition, in case when different numerologies are used between PDSCH and PUCCH, K1 is the slot offset with the numerology of UL, and K1=0 indicates the latest slot overlapping with the PDSCH reception. Sidelink on a serving cell and uplink on PCell can also have different numerology, and the principle of PDSCH-to-PUCCH could be reused for sidelink-to-PUCCH as shown in Figure 2. On the resource type (e.g. physical or logical slot) for the PUCCH offset, since PUCCH would always not occur in a resource pool, counting offset would be based on physical slots. In this case, UE expects that the indicated or configured PUCCH transmission timing is available for PUCCH transmission. 
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Figure 2: Example of PDCCH-to-SL resources and SL resources-to-PUCCH transmission timing.
Proposal 15: For reporting SL HARQ-ACK to the gNB,
· The numerology of PUCCH is used for interpreting the timing of transmission in PUCCH. 
· 	PUCCH offset of 0 indicates the latest slot overlapping with the slot containing the PSFCH occasion associated with the last resource in the set of resources provided by a dynamic grant of a configured grant.
· PUCCH offset is defined in physical slot
Alternatively, it can be considered that SL DCI can indicate reference K0, reference DAI, and reference PDSCH, and the reference PDSCH can be a reference point for the PUCCH offset to directly reuse Rel-15 procedure and signaling for DL HARQ-ACK for reporting SL HARQ-ACK to the gNB. 
Meanwhile, depending on the DL/UL traffic, PUCCH transmission could be canceled to reuse the resources for PUCCH for other purposes such as DL or UL transmissions associated with urgent services. In this case, it can be considered that PUCCH transmission for SL HARQ feedback is enabled or disabled dynamically. For instance, PUCCH resource indicator and/or PUCCH transmission timing in DCI or RRC can indicate ‘no PUCCH transmission’. However, in our view, even though SL HARQ-ACK feedback on PUCCH transmission is disabled, it is not necessary to always disable SL HARQ-ACK feedback no PSFCH since this SL HARQ-ACK feedback on PSFCH would be used for SL HARQ operation and potential release of unused retransmission resources. 
Proposal 16: SL DCI indicates whether PUCCH SL HARQ feedback is actually transmitted for dynamic grant and CG type 2. For CG type 1, the actual transmission of PUCCH for SL HARQ feedback is RRC-configured. 
On PSFCH TX/RX collision issue, it is possible that PSFCH TX is prioritized over PSFCH RX. In other words, even though the RX UE transmit SL HARQ-ACK on PSFCH to the TX UE, the TX UE does not receive it. In this case, it seems straightforward that the SL HARQ-ACK state(s) associated with the PSFCH(s) which are not received by the TX UE due to the prioritization are treated as NACK state even for the groupcast option 1. 
Proposal 17: For unicast, groupcast, in cases when TX UE does not receive due to prioritization, TX UE reports NACK to gNB.
On groupcast option 2, a number of RX UEs will use separate PSFCH resources to transmit their own SL HARQ-ACK feedback for the same PSCCH/PSSCH transmission. In this case, some RX UE may fail to detect SCI, and then the RX UE would not transmit PSFCH to the TX UE. Meanwhile, it is agreed that TX UE reports NACK if at least one received PSFCH resource carriers NACK. In those points of views, it can be considered that the case where at least one RX UE fails to detect SCI is treated as NACK state. 
Proposal 18: For groupcast Option 2, when TX UE does not detect some expected PSFCH, TX UE reports NACK to gNB.
Regarding configured grant, TX UE may or may not transmit PSCCH/PSSCH to RX UE(s). In this case, RX UE would not transmit PSFCH since it does not receive PSCCH and PSSCH from the TX UE. Then, if the TX UE report NACK to the gNB for the set of configured SL resources in a period, gNB may make a wrong decision on scheduling retransmission resources or modifying configured SL resources. In this point of view, it can be considered that TX UE reports ACK if no PSCC/PSSCH is transmitted in a set of resources within a period for configured grant as shown in Figure 3. 
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Figure 3: Example of reporting SL HARQ-ACK for a SL configured grant on PUCCH.
Proposal 19: if no PSCCH/PSSCH is transmitted in a set of resources within a period for configured grant, TX UE reports ACK to gNB.
On maximum number of HARQ (re-)transmission for a TB, it would be useful to manage SL resources efficiently. To be specific, considering the maximum number of HARQ (re-)transmission for a TB, gNB may not transmit excessive number of DCI for dynamic SL grant for a TB. Moreover, in case of configured grant, since there is no restriction on how to use configured resources with respect to the same or different TBs, the TX UE can efficiently use the configured SL resources based on the number of (re-)transmissions of a TB. In those of points of views, it can be considered that the concept of the maximum number of HARQ (re-)transmission for a TB is also applied to Mode 1 operation on top of Mode 2 operation. 
Proposal 20: For mode 1 operation, RRC configuration can limit the maximum number of HARQ (re-)transmissions of a TB
· The set of values is the same as that of Mode 2 operation. 
· If no configuration, the maximum number is not specified
In this case, the maximum number of HARQ (re-)transmission for a TB could be used for deciding SL HARQ-ACK to be reported to the gNB. To be specific, gNB can’t know TX UE’s starting timing of transmission for a TB since the TX UE can use any resource occasion of configured grant for its initial transmission of a TB. In other words, gNB can’t know how many transmissions are performed for a TB at TX UE side. At that time, the number of (re-)transmission for a certain TB reaches the configured maximum value, the TX UE does not need to have additional resources for the retransmission of the TB. In other words, for this case, the TX UE can report ACK to gNB regardless of whether the TX UE receives PSFCH carrying ACK for the TB. 
Proposal 21: If the maximum number of HARQ re-transmission for a TB is configured, in case of reaching the maximum number of HARQ re-transmissions for a TB, TX UE reports ACK to gNB.
For dynamic SL grant, a single DCI can indicate more than one SL resources to be used for a TB. If the time gap between the indicated SL resources is sufficiently large, it would be beneficial that each indicated SL resources have the associated PSFCH resource. To be specific, when the TX UE use the first indicated SL resources for PSCCH/PSSCH transmission, and the TX UE receives PSFCH carrying ACK for the PSCCH/PSSCH, the TX UE can skip the second SL resources for power saving. For configured grant, within a configured period, more than one SL resources can be configured, and they can be used for none or one or multiple TB(s). When each configured SL resources have the associated PSFCH resource, then the TX UE can decide whether the configured resources will be used for new TB transmission or retransmission based on the received PSFCH(s). 
Proposal 22: For dynamic SL grant and configured SL grant, each SL resources for PSCCH/PSSCH can have the associated PSFCH resource.
In this case, it is necessary to define how to generate SL HARQ-ACK reported to the gNB. For dynamic SL grant, since the multiple PSCCH/PSSCH transmission will be associated with the same TB, 1 bit of SL HARQ-ACK is enough for the reporting. On the other hand, for configured grant, a set of configured SL resources within a period could be associated with different TBs. In this case, multiple PSFCH associated with the set of configured SL resources would carry different SL HARQ-ACK states. Considering PUCCH overhead and specification work load, it can be considered that 1 bit of SL HARQ-ACK is supported for configured grant, and this 1 bit information is derived based on the multiple SL HARQ-ACK states conveyed on the multiple PSFCHs. For simplicity, it can be considered that the last SL HARQ-ACK state of any TB is NACK, then the TX UE will report NACK to the gNB for the configured grant. For example, if there are 4 SL resources are configured within a period, and if the TX UE use these SL resources for TB#1, TB#2, TB#1, and TB#2, respectively. Then, if the SL HARQ-ACK states for the 4 SL resources are {NACK, NACK, ACK, ACK}, the TX UE will report ACK to the gNB since the two TBs are successively decoded by the RX UE as shown in Figure 4. 
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Figure 4: Example of SL HARQ-ACK reporting to gNB for the case with PSFCHs corresponding multiple PSCCH/PSSCH transmissions. 
Proposal 23: For unicast, groupcast option 1, and groupcast option 2, support 1 bit of SL HARQ-ACK per dynamic grant or configured grant.
· For the case with PSFCHs corresponding to multiple PSCCH/PSSCH transmissions before generating the HARQ-ACK report,
· TX UE reports ACK if the TX UE receives PSFCH carrying ACK for each TB transmitted by the TX UE.
· TX UE reports ACK if no PSCCH/PSSCH is transmitted in a set of resources.
· TX UE reports NACK, otherwise. 
According to the agreement, NR supports multiplexing of SL HARQ-ACK(s) and DL HARQ-ACK(s) in a single PUCCH resource. At the same time, it is also agreed that the same codebook type is used for SL HARQ-ACK and DL HARQ-ACK reporting, and 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. In this case, it is necessary to investigate how to modify the Rel-15 procedures for multiplexing DL HARQ-ACKs for multiplexing SL HARQ-ACKs. 
For semi-static HARQ codebook, it is necessary to decide how to replace PDSCH time resource, and numerology of PDSCH. In addition, since SL HARQ-ACK bits will be concatenated to the DL HARQ-ACK bits, it does not need to consider CBG-based HARQ-ACK feedback and 2TB case. 
Proposal 24: For multiple SL HARQ-ACKs in a single PUCCH resource, in case of Type-1 codebook (i.e. semi-static codebook), 
· A set of slot timing values K_1 for Uu link is replaced with a set of K_1 values for sidelink. 
· PDSCH time resource is replaced with the last PSFCH occasion associated with a SL grant.
· Numerology of PDSCH is replaced with numerology of sidelink. 
· Tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated are replaced with parameter(s) to indicate resources available for SL. 
· TB-based HARQ-ACK feedback is used for sidelink even though PDSCH-CodeBlockGroupTransmission is provided.
· 1 TB is used for SL HARQ-ACK feedback for sidelink even though maxNrofCodeWordsScheduledByDCI is 2.
Note that in case of semi-static HARQ codebook, bit position of SPS PDSCH reception is determined based on the position of the PDSCH time resource. In a similar manner, bit position of the configured SL resource could be determined based on the position of the PSFCH occasions. Figure 5 shows an example of semi-static HARQ codebook. According to the agreement, in Figure 5, either HARQ-ACK bit with purple color or HARQ-ACK with green color will have meaningful value. 
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Figure 5: Example of semi-static HARQ codebook for DL and SL. 
Considering multiplexing SL HARQ-ACK bits and other UCI, it is necessary to define the order of each UCI. For simplicity, we propose the order of UCI mapping would be based on the UCI type (e.g. HARQ-ACK, SR, or CSI). 
Proposal 25: In case of Type-1 codebook (i.e. semi-static codebook), DL HARQ-ACK/SL HARQ-ACK/SR for UL/SR for SL/CSI are located with following order:
· HARQ-ACK for PDSCH scheduled by PDCCH or for PDCCH indicating DL SPS release or for SPS PDSCH reception
· HARQ-ACK for PDCCH scheduling SL grant or for configured grant for SL
· SR for UL (if present)
· SR for SL (if present)
· CSI (if present)
For dynamic HARQ codebook, it is necessary to decide how to perform DAI counting and how to replace the set of PDCCH monitoring occasions, and SPS PDSCH reception. In addition, since SL HARQ-ACK bits will be concatenated to the DL HARQ-ACK bits, it does not need to consider CBG-based HARQ-ACK feedback and 2TB case. 
Proposal 26: For multiple SL HARQ-ACKs in a single PUCCH resource, in case of Type-2 codebook (i.e. dynamic codebook), 
· Counting DAI for SL HARQ-ACK feedback is independent on counting DAI for DL HARQ-ACK feedback.
· Total DAI presents in DCI for SL grant when the number of serving cells for NR sidelink is more than one. 
· The set of PDCCH monitoring occasions for DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or SPS PDSCH release is replaced with the set of PDCCH monitoring occasions for DCI for SL dynamic grant. 
· It is defined as the union of PDCCH monitoring occasions where DCI for SL grant is available across active DL BWPs of configured serving cells
· TB-based HARQ-ACK feedback is used even though PDSCH-CodeBlockGroupTransmission is provided.
· 1 TB is used for SL HARQ-ACK feedback even though maxNrofCodeWordsScheduledByDCI is 2. 
· SPS PDSCH reception is replaced with PSSCH reception associated with Configured grant.
Note that in case of dynamic HARQ codebook, HARQ-ACK bit for SPS PDSCH reception is concatenated to HARQ-ACK bits for PDSCH scheduled by PDCCH since SPS PDSCH would not have PDCCH except for the activation, so DAI-based bit ordering cannot be used. In a similar manner, HARQ-ACK bit of the configured SL resource would be concatenated to the HARQ-ACk bits for dynamic SL grants. Figure 6 shows an example of dynamic HARQ codebook. According to the agreement, in Figure 6, HARQ-ACK bit with purple color or HARQ-ACK with green color will not be transmitted simultaneously. 
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Figure 6: Example of dyanmic HARQ codebook for DL and SL. 
Considering multiplexing SL HARQ-ACK bits and other UCI, it is necessary to define the order of each UCI. For simplicity, we propose the order of UCI mapping would be based on the UCI type (e.g. HARQ-ACK, SR, or CSI). 
Proposal 27: In case of Type-2 codebook (i.e. semi-staticdynamic codebook), DL HARQ-ACK/SL HARQ-ACK/SR for UL/SR for SL/CSI are located with following order:
· HARQ-ACK for PDSCH scheduled by PDCCH or for PDCCH indicating DL SPS release 
· HARQ-ACK for PDCCH scheduling SL grant 
· HARQ-ACK for SPS PDSCH reception 
· HARQ-ACK for PDCCH scheduling SL grant 
· HARQ-ACK for configured grant for SL SR for UL 
· SR for SL (if present)
· CSI (if present)
In NR Uu link, some portion of UCI could be dropped depending on the maxCodeRate, and the number PRB used for the actual PUCCH transmission is also depending on the maxCodeRate. Furthermore, depending on the number of UCI information bits, the set of PUCCH resources to be used can be also changed. In this case, for simplicity, it can be considered that the number of UCI information bits additionally includes the number of SL HARQ-ACK bits reported to gNB. Next, priority of SL HARQ-ACK bits reported to gNB is the same as that of DL HARQ-ACK bits. In other words, SL HARQ-ACK bits will not be dropped due to the maxCodeRate. 
On the PUCCH resource determination, it is 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 (e.g., carrying a SL grant, scheduling a PDSCH, etc.). Meanwhile, considering dynamic indication of PDSCH timing and PUCCH timing, it is possible that the more than one DCI can occur the same monitoring occasion. In this case, it would be ambiguous which DCI is last one to decide PUCCH resource. In NR Uu link, it can be resolved when the more than one last DCIs indicate the same PUCCH resource. However, if SL DCI and DL DCI occur in the same monitoring occasion, and if PUCCH resource set configurations are different between DL DCI and SL DCI, it would be necessary to define some rules for tie-break. 
Proposal 28: For PUCCH resource determination, if last DCI for SL grant and last DCI scheduling PDSCH are transmitted in the same PDCCH monitoring occasion, down-select one of followings:
· Alt 1: PUCCH resource indicated by DCI scheduling PDSCH is used
· Alt 2: PUCCH resource indicated by DCI for SL grant is used
· Alt 3: PUCCH resource with larger maximum coding rate is used
· Alt 4: PUCCH resource indicated by DCI associated with the smallest CCE index for PDCCH.
Alternatively, if SL HARQ-ACK PUCCH resource set is always the same as DL HARQ-ACK PUCCH resource set, this problem can be easily resolved by indicating the same value of PUCCH resource indicator as in NR Uu link. 

3. Conclusions
In this contribution, we discussed some aspects on Uu-based sidelink resource allocation/configuration. Based on the above discussion, our proposals and observations are given as follows:
Proposal 1: In a shared licensed carrier, the candidate slots for NR SL communication are (pre-)configured by a cell specific higher layer signaling.
Proposal 2: The release of multiple type-2 SL configured grants by a single SL DCI is supported. For activation, a type-2 SL configured grant is activated by a SL DCI.
Proposal 3: UE reports the following assistance information to gNB:
· Utilization ratio of the configured resources
Proposal 4: When additional resources for retransmission are requested by HARQ feedback report, a dynamic grant allocates the additional resources.
Proposal 5: The additional retransmission resources as a result of HARQ NACK report are not used for transmission of a new TB.
Proposal 6: On the use of dynamic grant and configured grant resources, there is no restriction in association with e.g. HARQ process ID or NDI or RV. The use of the resources are up to UE implementation.
Proposal 7: NR Uu PUSCH timing offset indication and interpretation are reused for indicating the slot offset between SL DCI and the first SL transmission.
· Slot offset 0 indicates the first slot overlapping with the SL DCI slot.
Proposal 8: For DG and CG type-2, the slot offset between SL DCI and the first SL transmission is indicated in physical slot. The first SL transmission applies to the earliest SL logical slot after the indicated slot offset.
Proposal 9: The first CG type-1 resource is determined as follows.
1) A UE assumes the periodic virtual CG type-1 resources with a period of RRC-configured OFFSET in physical slot unit
2) After the UE confirms the RRC reception, the actual first CG type-1 resource is the earlies SL slot resource after the RRC reception timing.
3) The following CG type-2 resources are the periodic resources with a period of RRC-configured OFFSET in logical slot unit
Proposal 10: Existing NR DCI size budget is maintained for NR SL mode 1 UE.
Proposal 11: In case of SL operation in licensed carrier, one of Uu DCI search spaces is used as SL DCI search space. SL DCI size is same as one of Uu DCI sizes in the relevant search space.
Proposal 12: When SL operation on ITS carrier is cross-carrier scheduled by SL DCI on licensed carrier, SL DCI search space is independently configured from Uu DCI search spaces. If SL DCI search space overlaps with one of the Uu DCI search spaces, size alignment between SL DCI and Uu DCI is performed.
Proposal 13: If mode 1 UE has SL configured grant, it assumes that such grant is valid after DL BWP switching. If the numerology doesn’t change due to UL BWP switching, the SL configured grant remains valid.
Proposal 14: For selecting PUCCH offset/resource and format in UL,
· Set of PUCCH offsets is RRC-configured.
· DCI for dynamic grant of SL resources indicates a PUCCH offset from the set.
· DCI activating of configured grant Type-2 for SL resources indicates a PUCCH offset from the set.
· Set of PUCCH resources is RRC-configured.
· DCI for dynamic grant of SL resources indicates a PUCCH resource from the set.
· DCI activating configured grant Type-2 for SL resources indicates a PUCCH resource from the set.
Proposal 15: For reporting SL HARQ-ACK to the gNB,
· The numerology of PUCCH is used for interpreting the timing of transmission in PUCCH. 
· 	PUCCH offset of 0 indicates the latest slot overlapping with the slot containing the PSFCH occasion associated with the last resource in the set of resources provided by a dynamic grant of a configured grant.
· PUCCH offset is defined in physical slot
Proposal 16: SL DCI indicates whether PUCCH SL HARQ feedback is actually transmitted for dynamic grant and CG type 2. For CG type 1, the actual transmission of PUCCH for SL HARQ feedback is RRC-configured. 
Proposal 17: For unicast, groupcast, in cases when TX UE does not receive due to prioritization, TX UE reports NACK to gNB.
Proposal 18: For groupcast Option 2, when TX UE does not detect some expected PSFCH, TX UE reports NACK to gNB.
Proposal 19: if no PSCCH/PSSCH is transmitted in a set of resources within a period for configured grant, TX UE reports ACK to gNB.
Proposal 20: For mode 1 operation, RRC configuration can limit the maximum number of HARQ (re-)transmissions of a TB
· The set of values is the same as that of Mode 2 operation. 
· If no configuration, the maximum number is not specified
Proposal 21: If the maximum number of HARQ re-transmission for a TB is configured, in case of reaching the maximum number of HARQ re-transmissions for a TB, TX UE reports ACK to gNB.
Proposal 22: For dynamic SL grant and configured SL grant, each SL resources for PSCCH/PSSCH can have the associated PSFCH resource.
Proposal 23: For unicast, groupcast option 1, and groupcast option 2, support 1 bit of SL HARQ-ACK per dynamic grant or configured grant.
· For the case with PSFCHs corresponding to multiple PSCCH/PSSCH transmissions before generating the HARQ-ACK report,
· TX UE reports ACK if the TX UE receives PSFCH carrying ACK for each TB transmitted by the TX UE.
· TX UE reports ACK if no PSCCH/PSSCH is transmitted in a set of resources.
· TX UE reports NACK, otherwise. 
Proposal 24: For multiple SL HARQ-ACKs in a single PUCCH resource, in case of Type-1 codebook (i.e. semi-static codebook), 
· A set of slot timing values K_1 for Uu link is replaced with a set of K_1 values for sidelink. 
· PDSCH time resource is replaced with the last PSFCH occasion associated with a SL grant.
· Numerology of PDSCH is replaced with numerology of sidelink. 
· Tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated are replaced with parameter(s) to indicate resources available for SL. 
· TB-based HARQ-ACK feedback is used for sidelink even though PDSCH-CodeBlockGroupTransmission is provided.
· 1 TB is used for SL HARQ-ACK feedback for sidelink even though maxNrofCodeWordsScheduledByDCI is 2.
Proposal 25: In case of Type-1 codebook (i.e. semi-static codebook), DL HARQ-ACK/SL HARQ-ACK/SR for UL/SR for SL/CSI are located with following order:
· HARQ-ACK for PDSCH scheduled by PDCCH or for PDCCH indicating DL SPS release or for SPS PDSCH reception
· HARQ-ACK for PDCCH scheduling SL grant or for configured grant for SL
· SR for UL (if present)
· SR for SL (if present)
· CSI (if present)
Proposal 26: For multiple SL HARQ-ACKs in a single PUCCH resource, in case of Type-2 codebook (i.e. dynamic codebook), 
· Counting DAI for SL HARQ-ACK feedback is independent on counting DAI for DL HARQ-ACK feedback.
· Total DAI presents in DCI for SL grant when the number of serving cells for NR sidelink is more than one. 
· The set of PDCCH monitoring occasions for DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or SPS PDSCH release is replaced with the set of PDCCH monitoring occasions for DCI for SL dynamic grant. 
· It is defined as the union of PDCCH monitoring occasions where DCI for SL grant is available across active DL BWPs of configured serving cells
· TB-based HARQ-ACK feedback is used even though PDSCH-CodeBlockGroupTransmission is provided.
· 1 TB is used for SL HARQ-ACK feedback even though maxNrofCodeWordsScheduledByDCI is 2. 
· SPS PDSCH reception is replaced with PSSCH reception associated with Configured grant.
Proposal 27: In case of Type-2 codebook (i.e. semi-staticdynamic codebook), DL HARQ-ACK/SL HARQ-ACK/SR for UL/SR for SL/CSI are located with following order:
· HARQ-ACK for PDSCH scheduled by PDCCH or for PDCCH indicating DL SPS release 
· HARQ-ACK for PDCCH scheduling SL grant 
· HARQ-ACK for SPS PDSCH reception 
· HARQ-ACK for PDCCH scheduling SL grant 
· HARQ-ACK for configured grant for SL SR for UL 
· SR for SL (if present)
· CSI (if present)
Proposal 28: For PUCCH resource determination, if last DCI for SL grant and last DCI scheduling PDSCH are transmitted in the same PDCCH monitoring occasion, down-select one of followings:
· Alt 1: PUCCH resource indicated by DCI scheduling PDSCH is used
· Alt 2: PUCCH resource indicated by DCI for SL grant is used
· Alt 3: PUCCH resource with larger maximum coding rate is used
· Alt 4: PUCCH resource indicated by DCI associated with the smallest CCE index for PDCCH.
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