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Introduction
According to the WID of Rel-16 NR V2X [1], one of the objectives is to specify solutions for mode 1 resource allocation. During the RAN1#97 and RAN1#98 meetings, some related agreements have been achieved for mode 1. In this contribution, we share some further discussions on the scheduling and reporting aspects for NR-V2X mode 1 resource allocation.

[bookmark: _Ref228947482]Discussion
Destination UE/UE group indication in DCI
For HARQ operation in sidelink unicast/groupcast transmission, it has been agreed by RAN1 that sidelink HARQ-ACK feedback and HARQ combining in the physical layer are supported and Layer-1 destination ID is conveyed via PSCCH. One issue worth to be further considered is whether the DCI with sidelink grant should also indicate which destination UE/UE group the scheduled resource in mode 1 is intended for. 
In our view, the destination UE/UE group which is associated with the scheduled resource should be indicated to the transmitter UE. By this way, the ambiguity on resource allocation can be avoided especially when a transmitter UE has more than one sidelink unicast/groupcast transmission in parallel towards different destination UEs/UE groups. In that case, if the destination UE/UE group is not indicated in the DCI, the transmitter UE cannot distinguish which destination UE/UE group the scheduled resource is intended to be used for. Even if the transmitter UE can autonomously determine the usage of the scheduled resource, there can be a mismatch between the scheduled resource and the desired destination UE/UE group. This kind of mismatch will bring negative impact on sidelink transmissions from both the UE and the system perspectives. In contrast, by indicating the associated destination UE/UE group, the most suitable resource can always be used for sidelink transmission towards a certain destination UE/UE group.
One example is provided in Figure 1 to show the aforementioned ambiguity issue. In Figure 1, UE 1 operating in mode 1 needs to perform two sidelink transmissions towards UE 2 and UE 3 respectively. In the DCI with sidelink grant, the gNB will indicate resource allocation related parameters for sidelink transmissions. Since HARQ processes are independently numbered for each sidelink connection, a same HARQ process ID “x” is assumed in Figure 1. If the destination UE/UE group of the scheduled resource is not indicated in the DCI, UE 1 cannot distinguish whether the resource scheduled by the gNB is intended for an initial transmission on HARQ process x to UE 2 or a retransmission on HARQ process x to UE 3. Therefore, UE 1 may misuse the resource intended for retransmission to UE 3 for an initial transmission to UE 2, which is an undesirable behavior and may impact the reliability of sidelink transmissions to UE 3. 


Figure 1. An example for mode 1 resource allocation

Proposal 1: For mode 1, the DCI with sidelink grant should indicate the destination UE/UE group of the scheduled resource.

Retransmission indication to gNB
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]In the RAN1#97 meeting, the following agreements on indicating retransmission in mode 1 for unicast and groupcast have been made. 
Agreements:
· Sidelink HARQ ACK/NACK report from transmitter UE to gNB is supported with details FFS.
Note: this reverts the following agreement from RAN1#96:
· Sidelink HARQ ACK/NACK report from UE to gNB is not supported in Rel-16.
· SR/BSR report to gNB for the purpose of requesting resources for HARQ retransmission is not supported.

[bookmark: OLE_LINK11]Based on the above agreements, HARQ ACK/NACK is re-agreed for retransmission indication to gNB, instead of SR/BSR. In our opinion, besides confirming sidelink HARQ ACK/NACK is reported to gNB from transmitter UE, some other details of the reporting mechanism should also be considered.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Channel used for reporting
In LTE and NR Uu, HARQ-ACK is conveyed to eNB/gNB by PUCCH and can also be conveyed by PUSCH if there are UL data to be transmitted as well. Thus, the most direct way is to reuse this scheme for reporting SL HARQ-ACK via NR Uu. It has been agreed in the Ad-Hoc meeting that at least PUCCH is used to indicate gNB the need for retransmission. Besides PUCCH, PUSCH can also be used to convey SL HARQ-ACK if there are UL data to be transmitted as well. 
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Proposal 2: Besides PUCCH, PUSCH can also be used to conveyed SL HARQ-ACK if there are UL data to be transmitted as well. 

Report resource
In the RAN1#98 meeting, the following agreements have been made, where the PUCCH resource for conveying SL HARQ feedback is agreed to be indicated by the corresponding PDCCH.
Agreements:
· [bookmark: OLE_LINK26][bookmark: OLE_LINK27]At least for dynamic grant, the timing and resource for PUCCH used for conveying SL HARQ feedback to the gNB are based on the indication(s) in the corresponding PDCCH
· Details FFS

On the basis of above agreements, similar to the NR Rel-15 mechanism, the candidate PUCCH resources for conveying SL HARQ feedback can form one or more resource sets. Which resource set is selected should also depend on the number of bits of the HARQ feedback to be conveyed. Then, after the resource set is determined, the actually used PUCCH resource among the selected candidate resource set is indicated by the corresponding PDCCH.
[bookmark: OLE_LINK60]Proposal 3: PUCCH resource indication and resource set selection mechanism in Rel-15 should be reused for reporting SL HARQ-ACK.

[bookmark: OLE_LINK58][bookmark: OLE_LINK59]Moreover, when a UE needs to transmit SL HARQ-ACK to gNB, it may also have some feedback information to be transmitted for Uu simultaneously, such as HARQ-ACK and/or CSI. Then the issue is whether the PUCCH resource for SL is independent of the PUCCH resource for Uu. In our opinion, for an NR V2X service, if the requirement for reliability is high, or on Uu there is a URLLC type of service, a more beneficial approach is to separate the PUCCH resource for SL from the resource for Uu; otherwise, SL HARQ-ACK can be multiplexed with the Uu feedback information in a same PUCCH resource.
Proposal 4: When transmitting SL feedback information to gNB, the following can be considered.
· The SL feedback information is transmitted on a PUCCH resource determined independently from the resource for Uu feedback information.
· The SL feedback information is multiplexed with the Uu feedback information in a same PUCCH resource.

Report timing 
In the last RAN1 meeting, it was agreed to indicate the PUCCH timing for SL HARQ report by the corresponding PDCCH. As illustrated in Figure 2, the report timing can be defined as one of the following options:
· Option 1. The time delay between the sidelink data (PSSCH) transmission and the UCI transmission, denoted as K3;
· Option 2. The time delay between the SFCI reception and the UCI transmission, denoted as K4.
[image: ]
Figure 2. Time delay definition in sidelink HARQ ACK/NACK report procedure
It is noticed that K3 includes K4 and the time delay between PSSCH and SFCI (denoted as K1’). According to the agreements achieved in last RAN1 meetings [2, 3], K1’ can be implicitly indicated based on the (pre-)configuration. From the perspective of signaling efficiency, it is more beneficial to define the report timing as K4, which is the time delay between SFCI and UCI. 
The report timing should be flexible due to different subcarrier spacing for uplink BWP and UL-DL configurations. Moreover, in a shared carrier scenario, resources arranged for NR Uu may be TDMed with resources arranged for sidelink. In such a case, the slots available for uplink may also vary with different resource pool configurations. As a result, a large number of possible values for K4 is required to cover all foreseen cases, which leads to high signaling overhead. For the purpose of overhead saving, the value of K4 can be defined as the number of virtual slots available for NR Uu. In other words, the slots configured for sidelink are not counted in K4. In this way, K4 is independent of resource pool configurations and the possible values for K4 are narrowed down. As illustrated in Figure 3, a UE received a DCI indicating K4 = 2 at slot n. After the UE received the SFCI from receiving UE(s) at slot n+3, it transmits UCI with sidelink HARQ report on the second slot available for NR Uu which is located at slot n+6.  
[image: ]
Figure 3. Example of K4 indication 
In addition, it is worthy to note that UE capability of sidelink HARQ report processing time (which is time required from SFCI reception to the corresponding sidelink HARQ ACK/NACK report transmission timing) should be defined. K4 should not be less than the minimum sidelink HARQ report processing time.
Proposal 5: In mode 1 for unicast and groupcast, the time delay between SFCI and corresponding sidelink HARQ ACK/NACK report transmission should be specified.
· The time delay should be defined as the number of virtual slots available for NR Uu based on the numerology of NR Uu.
· The time delay should not be smaller than the minimum sidelink HARQ report processing time.

Report content  
Another issue needs to be addressed is how to report in case of DTX on PSFCH (i.e., the transmitter UE does not receive any signal on PSFCH). According to TR 38.885 [4], in NR V2X, both NACK only feedback and ACK/NACK feedback are supported for groupcast and the latter one is also supported for unicast. Under such circumstance, if the transmitter UE sends no signal on scheduled PUCCH in case of DTX on PSFCH, it will lead to ambiguity of DTX on PUCCH. More specifically, the gNB is unable to distinguish among the three cases shown in Figure 4.
· Case 1: the transmitter UE missed to decode the associated PDCCH and did not perform the scheduled sidelink transmission. 
· Case 2: the receiver UE(s) missed to decode the associated PSCCH.  
· Case 3: the sidelink TB is received successfully when NACK-only feedback (groupcast option 1) is enabled. 
[image: ]
Figure 4. Cases of DTX on PUCCH
The above three cases need to be treated differently. For case 1, the gNB should re-allocates sidelink resources for initial transmission. Meanwhile, it may also increase the CCE aggregation level to improve DCI reliability. For case 2, the gNB should schedule sidelink resources assuming a lower MCS to guarantee higher reliability in sidelink transmission. For case 3, the gNB should allocate resources for the next data in the transmitter UE’s buffer. Therefore, the scheduling flexibility will be affected if the gNB cannot distinguish the above three cases and take corresponding actions.
In order to address the ambiguity issue, the transmitter UE should report explicitly ACK or NACK on the basis of specific sidelink feedback options. As illustrated in Figure 5, for ACK/NACK feedback, the transmitter UE will report NACK for retransmission resource requesting in case of DTX on PSFCH. In this way, the gNB is able to distinguish between case 1 and case 2. On the other hand, for NACK-only feedback, if the transmitter UE does not receive any signal on PSFCH, it assumes that the transmission is successful and it will report ACK in uplink. In this way, the gNB can identify whether it is case 1 or case 3. Note that case 2 may also happen for NACK-only feedback. However, the probability that all the target receiver UEs fail to decode the SCI is negligible, especially in mode 1 where sidelink transmissions are under centralized control of the gNB. Hence, it is not necessary for the gNB to distinguish between case 2 and case 3.
[image: ]
Figure 5. Sidelink HARQ ACK/NACK report on PUCCH for different sidelink feedback options

Proposal 6: In deciding sidelink HARQ ACK/NACK report, 
· When ACK/NACK feedback is enabled in sidelink, the transmitter UE reports NACK on scheduled PUCCH if it didn’t receive any signal on PSFCH.
· When NACK-only feedback is enabled in sidelink, the transmitter UE reports ACK on scheduled PUCCH if it didn’t receive any signal on PSFCH.

Resource sharing with NR Uu
In the RAN1#96 meeting, the following agreements have been achieved to identify the available time resources for sidelink.
Agreements:
· [bookmark: OLE_LINK140][bookmark: OLE_LINK141]For the operation regarding PSSCH, a UE performs either transmission or reception in a slot on a carrier.
· NR sidelink supports for a UE:
· A case where all the symbols in a slot are available for sidelink.
· Another case where only a subset of consecutive symbols in a slot is available for sidelink
· Note: this case is not intended to be used for the ITS spectra, if there is no forward-compatibility issue. Finalize in the WI phase whether there is such an issue or not
· The subset is NOT dynamically indicated to the UE
· FFS the supported slot configuration(s)
· FFS whether/how to operate it in partial coverage scenarios
· 

According to the agreements, it is supported to use only a subset of symbols in a slot for NR sidelink. This is mainly for the case when NR sidelink shares a frequency band with NR Uu. Considering that the symbols in NR Uu can be “downlink”, “flexible” or “uplink”, it needs to be further decided which types of symbols can be used for NR sidelink. Following LTE V2X design principles, at least uplink symbols should be available for NR sidelink. As for flexible symbols in NR, since they might be overwritten as downlink e.g. by DCI format 2_0, it may not be safe to always assume flexible symbols are available for sidelink. From the spectral efficiency perspective, it can be further studied how to utilize flexible symbols for sidelink. 
Proposal 7: At least uplink symbols should be used for sidelink when sharing a frequency band with NR Uu.

In LTE V2X, the resource pool in the time domain is defined by a repeating bitmap excluding sidelink synchronization subframes. For TDD mode, the bitmap can only act on the UL subframes, i.e. can only indicate which UL subframes can be used for LTE V2X. For example, in a bitmap, a bit “1” means that the corresponding subframe is included in this resource pool and can be used for V2X transmission, while “0” means that it is not included in the resource pool and cannot be used for sidelink.
To limit the complexity and achieve easy implementation in NR V2X, the bitmap scheme can be reused as a starting point for time domain indication. Moreover, only slot-level indication should be considered in Rel-16 considering heavy workload and limited time.  For example, in a bitmap, a bit “1” means that the corresponding slot or a subset of consecutive symbols in this slot are included in the resource pool. 
In LTE V2X, the bitmap indication is based on uplink subframes which are determined by the cell-specific TDD configuration. However, both cell-specific and UE-specific slot formats are supported in NR. In NR, UE-specific slot format can be additionally configured by RRC dedicated signaling, after the cell-specific slot format is obtained from broadcast information. Then it should be clarified which type of slot format can be based on when configuring the time domain resource pool. In our opinion, after the resource pool is configured by a slot-level bitmap, the actually included symbols in a SL resource pool can be derived from the cell-specific TDD configuration. For example, all the cell-specific configured UL symbols in a slot whose corresponding bit is “1” are included in the resource pool. Besides, for unicast and groupcast, since the UE-specific slot format can be exchanged between transmitter and receiver UEs during the session establishment procedure or consistently notified by gNB, UE-specific configured UL symbols can be additionally considered to be included in the resource pool to improve the resource efficiency.
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Proposal 8: At least cell-specific configured UL slot/symbol can be included in time domain resource pool and used for sidelink transmission.
· [bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK61]For unicast and groupcast, UE-specific configured UL symbols can be additionally included in the resource pool.

Sidelink PHR
Currently in NR uplink, PHR is used to provide power headroom information in the UE to the gNB. From the reported PHR, the gNB can derive the UE’s transmission power and uplink pathloss. Then the gNB can control the UE’s transmission power and perform link adaptation to adjust MCS and PRB allocations to the UE. 
According to the new NR-V2X WI, power control and link adaption in sidelink will be specified for mode 1. For the similar reason as in NR uplink, sidelink related PHR, which can provide power headroom information on sidelink PSSCH/PSCCH/PSFCH transmissions in dedicated carriers or shared carriers, may also be useful for the gNB’s mode 1 scheduling. Therefore, the potential benefit of introducing sidelink PHR for mode 1 can be further discussed. 
Proposal 9: The benefit of sidelink PHR for mode 1 can be further studied. 
[bookmark: OLE_LINK43]
Conclusions
In this contribution, we share views on some design aspects for NR-V2X mode 1 resource allocation. The proposals are highlighted as follows.
Proposal 1: For mode 1, the DCI with sidelink grant should indicate the destination UE/UE group of the scheduled resource.
Proposal 2: Besides PUCCH, PUSCH can also be used to conveyed SL HARQ-ACK if there are UL data to be transmitted as well. 
Proposal 3: PUCCH resource indication and resource set selection mechanism in Rel-15 should be reused for reporting SL HARQ-ACK.
Proposal 4: When transmitting SL feedback information to gNB, the following can be considered.
· The SL feedback information is transmitted on a PUCCH resource determined independently from the resource for Uu feedback information.
· The SL feedback information is multiplexed with the Uu feedback information in a same PUCCH resource.
Proposal 5: In mode 1 for unicast and groupcast, the time delay between SFCI and corresponding sidelink HARQ ACK/NACK report transmission should be specified.
· The time delay should be defined as the number of virtual slots available for NR Uu based on the numerology of NR Uu.
· The time delay should not be smaller than the minimum sidelink HARQ report processing time.
Proposal 6: In deciding sidelink HARQ ACK/NACK report, 
· When ACK/NACK feedback is enabled in sidelink, the transmitter UE reports NACK on scheduled PUCCH if it didn’t receive any signal on PSFCH.
· When NACK-only feedback is enabled in sidelink, the transmitter UE reports ACK on scheduled PUCCH if it didn’t receive any signal on PSFCH.
Proposal 7: At least uplink symbols should be used for sidelink when sharing a frequency band with NR Uu.
Proposal 8: At least cell-specific configured UL slot/symbol can be included in time domain resource pool and used for sidelink transmission.
· For unicast and groupcast, UE-specific configured UL symbols can be additionally included in the resource pool.
Proposal 9: The benefit of sidelink PHR for mode 1 can be further studied. 
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