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Introduction
The Release-16 NR V2X specifications were approved in Dec. 2019 [1]. The remaining tasks for NR V2X were identified in [2], where some of these tasks were discussed in RAN1 meeting #100-e [3]. 

In this contribution, we discuss the details on some of the identified remaining tasks, including DCI contents, DCI format size alignment, processing time, determination of sidelink transmission slot for configured grant type 1 and sidelink HARQ feedback report to gNB. For the sidelink HARQ feedback report to gNB, we provide detailed design of the contents of report, sidelink HARQ codebook construction, handling of collision with Uu UCI transmissions, transmission on PUSCH, and PUCCH resources for dynamic grant. 
Discussion
DCI aspects
DCI contents
The NR DCI format 3_0 is defined for gNB scheduling NR sidelink transmissions. The fields of DCI format 3_0 include: Time gap; HARQ process ID; NDI; lowest sub-channel index of the initial transmission; SCI format 0_1 fields of frequency and time resource assignment; PSFCH-to-HARQ feedback timing indicator; configuration index. The bit sizes of time gap, HARQ process ID, and configuration index fields have not been specified. 

The time gap field provides an index into a slot offset table given by higher layer parameter. In our view, this slot offset table can have up to 8 entries, and hence, 3 bits are used for this field. Like in NR Uu, up to 16 HARQ processes for sidelink can be supported, and 4 bits are used for the HARQ process ID field. In LTE V2X, a maximum of 8 sidelink SPS configurations are supported. In NR V2X, a maximum of 8 sidelink configured grants are supported. Hence, it is natural to use 3 bits for the configuration index field. 

Proposal 1: In DCI format 3_0, the field of HARQ process ID has 4 bits; the field of time gap has 3 bits; the field of configuration index has 3 bits.

It was agreed [4] that for dynamic grant and type 2 configured grant, one combination of “timing and resource for PUCCH” is used to indicate that PUCCH resource is not provided. We think the indication of no PUCCH resource is via PUCCH time resource. Specifically, a high layer parameter “sl-DataToUL-ACK” is configured such that it contains one entry of infinite slots. The “PSFCH-to-HARQ feedback timing indicator” field in DCI format 3_0 pointing to this value of infinite indicates that PUCCH resource is not provided. 

Proposal 2: To indicate that PUCCH resource is not provided, the “PSFCH-to-HARQ feedback timing indicator” field in DCI format 3_0 indicates an infinite value in a set of slot timing values provided by high layer parameter “sl-DataToUL-ACK”.

The DCI format 3_0 is used to activate or release type 2 sidelink configured grant. Similar to NR type 2 uplink configured grant, the activation or release of type 2 sidelink configured grant can be validated by special fields of DCI format 3_0. For example, the HARQ process ID field in DCI format 3_0 could be all 0’s for activating or releasing type 2 sidelink configured grant. 

Furthermore, a valid SCI format 0_1 field of frequency resource assignment cannot be all 1’s (cf. [3]). Hence, the difference between activation and release of a type 2 sidelink configured grant is on the SCI format 0_1 field of frequency resource assignment. If this field is all 1’s, then the DCI format 3_0 is considered to release a type 2 sidelink configured grant. Otherwise, the DCI format 3_0 is considered to activate a type 2 sidelink configured grant. 

Proposal 3: To validate activating a type 2 sidelink configured grant in DCI format 3_0, the HARQ process ID is all 0’s and SCI format 0_1 field of frequency resource assignment is not all 1’s. To validate releasing a type 2 sidelink configured grant in DCI format 3_0, the HARQ process ID is all 0’s and SCI format 0_1 field of frequency resource assignment is all 1’s.

DCI format size alignment 
It was working assumption [4] that the size of DCI format 3_0 and the size of one of the existing NR DCI formats are aligned. It is open to which existing NR DCI format the DCI format 3_0 is aligned. 

It is beneficial to align DCI format 3_0 to an existing NR Uu DCI format with similar payload size. If DCI format 3_0 is not the largest DCI format to be monitored in a search space, then DCI format 3_0 is zero padded to the smallest NR Uu DCI format which is larger than DCI format 3_0. If DCI format 3_0 is the largest DCI format to be monitored in a search space, then the largest NR Uu DCI format is zero padded to DCI format 3_0. 

Proposal 4: If NR DCI format 3_0 is not the largest DCI format to be monitored in a search space, then it is zero padded to the smallest NR Uu DCI format which is larger than DCI format 3_0. If NR DCI format 3_0 is the largest DCI format to be monitored in a search space, then the largest NR Uu DCI format is zero padded to DCI format 3_0.

Processing time
In mode 1 resource allocation, gNB grants sidelink resources to UE. The PSCCH/PSSCH preparation time should be considered when the sidelink resources are allocated. Specifically, the time gap field in DCI 3_0 should be set large enough to allow the PSCCH/PSSCH preparation.   

In NR Uu, the PUSCH preparation procedure time is defined based on capability, as in Table 6.4-1 and Table 6.4-2 in [5]. The PSCCH/PSSCH preparation procedure time should take the PUSCH preparation procedure time as reference. Since time domain granularity for resource pool configuration is in slots, the PSCCH/PSSCH preparation procedure time is counted in slots.  Specifically, we propose that PSCCH/PSSCH preparation processing time is 2 slots for 15/30 kHz SCS; 4 slots for 60 kHz SCS and 6 slots for 120 kHz SCS.  

Proposal 5: The processing time for PSCCH/PSSCH preparation is 2 slots for 15/30 kHz SCS; 4 slots for 60 kHz SCS; 6 slots for 120 kHz SCS. 

Determination of sidelink transmission slot
The sidelink transmission slots for dynamic grant and configured grant type 2 have been determined [3]. Although it is a common understanding [6] that NR Uu procedure should be reused as much as possible, the details are still open on how to determine the sidelink transmission slots for configured grant type 1. 

We only need to specify the first sidelink transmission slot for configured grant type 1, since the sub-sequent sidelink transmission slots can be obtained following the similar mechanism as that for configured grant type 2. In the sidelink configured grant configuration, the parameter of “TimeOffset” is configured to set the time gap between the first sidelink transmission slot and SFN0. Since only the first sidelink transmission slot is to be specified, which is unlike in uplink configured grant type 1, the parameter “time offset” could be in the unit of milli-seconds for simplicity. Similar to sidelink dynamic grant and configured grant type 2, the timing advance should be used to determine the sidelink transmission slot for configured grant type 1. 

Hence, we think the first sidelink transmission slot is the first sidelink slot of the corresponding resource pool that starts no earlier than SFN0+TimeOffset-TTA/2, where SFN0 is the starting time of SFN=0, TimeOffset is configured in the IE “SL-ConfiguredConfig” in the unit of milli-second, and TTA is the timing advance value. 

Proposal 6: For sidelink configured grant type 1, the slot of the first sidelink transmission is the first sidelink slot of the corresponding resource pool that starts not earlier than SFN0 + TimeOffset - TTA/2, where SFN0 is the starting time of SFN=0, TimeOffset is configured in “SL-ConfiguredGrantConfig”, which is in unit of milli-seconds, and TTA is the timing advance value.

Sidelink HARQ feedback report to gNB
Contents of report 
The contents of the sidelink HARQ feedback report to gNB have been extensively discussed [3]. One open issue is the content of sidelink HARQ feedback report to gNB if the sidelink transmission does not use sidelink HARQ feedback. In our view, the content depends on whether UE needs more resources for its blind retransmissions. If so, then it reports NACK. Otherwise, it reports ACK. 

Proposal 7: If the sidelink transmission does not use sidelink HARQ feedback, the UE sends one bit on the UL resources for SL HARQ-ACK reporting. The content of the report is up to UE implementation. 

Codebook design 
It was agreed [7] that NR supports reporting of multiple sidelink HARQ-ACKs in a single PUCCH resource, where Rel-15 procedures for multiplexing DL HARQ-ACKs are reutilized. Furthermore, for sidelink HARQ-ACK reporting, both type 1 and type 2 codebook are supported. 

The following modifications on the procedures of multiplexing DL HARQ-ACKs are needed to construct type 1 sidelink HARQ-ACK codebook:

1. The slot timing values  is replaced by the slot duration between the last PSFCH occasion of a sidelink grant and PUCCH. 
Note that the “PSFCH-to-HARQ feedback timing indicator” field is provided in DCI format 3_0, as a counterpart of the “PDSCH-to-HARQ feedback timing indicator” field in DCI with downlink grant.
2. PDSCH time resource is replaced by PSSCH time resource associated with the last PSFCH occasion.
In NR DL HARQ-ACKs multiplexing, for each  value, the configured PDSCH time domain resource allocation list (including slot offset , SLIV and PDSCH mapping type) provides a table for candidate PDSCH receptions. 
The slot offset between a PSSCH and its corresponding PSFCH is (pre)configured per resource pool, which also depends on PSFCH periodicity. The (pre)configured PSSCH time domain resources provide a table for candidate PSSCH occasions, which are associated with a PSFCH occasion. Note the mapping from a PSFCH occasion to its associated PSSCH occasion is a one-to-many mapping if PSFCH periodicity is 2 or 4 slots. Hence, all possible PSSCH slots, which result in a PSFCH occasion at a given  offset from PUCCH, serve as candidate occasions for further processing. 
3. The downlink sub-carrier spacing is replaced by the sidelink sub-carrier spacing.
4. The “tdd-UL-DL-ConfigurationCommon” and “tdd-UL-DL-ConfigurationDedicated” are replaced by the proper parameter for sidelink resources.
5. No CBG or 2-TB based operation for sidelink HARQ-ACK.

Proposal 8: For type 1 sidelink HARQ-ACK codebook, the procedures of multiplexing downlink HARQ-ACKs are reused with the following modifications:
· The slot timing values  is replaced by the slot duration between the last PSFCH occasion of a sidelink grant and PUCCH.
· PDSCH time resource is replaced by PSSCH time resource associated with the last PSFCH occasion.
· The downlink sub-carrier spacing is replaced by the sidelink sub-carrier spacing.
· The “tdd-UL-DL-ConfigurationCommon” and “tdd-UL-DL-ConfigurationDedicated” are replaced by the proper parameter for sidelink resources.
· No CBG or 2-TB based operation for sidelink HARQ-ACK.

To support type 2 sidelink HARQ-ACK codebook, a separate DAI is used for sidelink. 

Proposal 9: For type 2 sidelink HARQ-ACK codebook, a separate DAI is used for sidelink.

Collisions with Uu UCI transmissions 
It was concluded [4] of no support of multiplexing of SL HARQ and Uu UCI on PUCCH or PUSCH in Rel-16.

One may argue that time collision between sidelink HARQ report and Uu UCI is avoidable by proper gNB scheduling. However, in our view, this issue may not be fully addressed by gNB scheduling, especially with mixed URLLC, eMBB and sidelink traffic. 

In the case of mixed URLLC and eMBB traffic in Rel 16 URLLC discussions, the intra-UE collision handling of URLLC and eMBB uplink transmissions is via a way that URLLC HARQ-ACK/SR/CSI/PUSCH is prioritized over eMBB HARQ-ACK/SR/PUSCH (i.e. eMBB uplink transmissions are dropped). 

The similar issue exists between URLLC UCI transmission and sidelink HARQ report. Consider an example where gNB has scheduled sidelink HARQ report. For an incoming high priority downlink URLLC data, gNB needs to schedule URLLC HARQ-ACK feedback at time overlapping with the scheduled sidelink HARQ report. It is desirable that UE drops sidelink HARQ report and transmits only URLLC HARQ-ACK. In general, the URLLC HARQ-ACK/SR/CSI is prioritized over sidelink HARQ report.

Proposal 10: In case of time overlap between URLLC UCI transmission (i.e., “priority indicator” field in scheduling DCI format equal to 1) and sidelink HARQ report to gNB, sidelink HARQ report to gNB is dropped.

If eMBB UCI transmission overlaps with sidelink HARQ report to gNB, then one of them should be dropped. If the priority value in SCI associated with the sidelink HARQ report to gNB is above a certain threshold, then the sidelink HARQ report to gNB is dropped. Otherwise, the eMBB UCI transmission is dropped. For multiple sidelink HARQ reports, the smallest priority value in all SCI associated with these sidelink HARQ reports is used. 

Proposal 11: In case of time overlap between eMBB UCI transmission and sidelink HARQ report to gNB, if the smallest priority value in SCI associated with multiple sidelink HARQ report is higher than a threshold, then sidelink HARQ report to gNB is dropped. Otherwise, the eMBB UCI transmission is dropped. 

Transmission on PUSCH 
In NR Uu, if UCI transmission overlaps with PUSCH transmission, the UCI is piggybacked on PUSCH, where the number of REs used by UCI is calculated via beta offset. A semi-static beta offset is configured or a set of 4 beta offsets is configured with set index being indicated dynamically in DCI.

It is supported [7] to transmit sidelink HARQ report to gNB on PUSCH. A beta offset is needed to determine the number of REs in PUSCH used for sidelink HARQ report. Similar to NR Uu case, a semi-static beta offset is configured or a set of 4 beta offsets is configured with set index being indicated dynamically in DCI format 3_0. 

Proposal 12: For the transmission of sidelink HARQ report to gNB on PUSCH, the number of REs used for sidelink HARQ report is determined by a beta offset, which is obtained either in a semi-static way or in a dynamic way.

In Rel 16 NR Uu, the eMBB UCI is not piggybacked on PUSCH carrying URLLC uplink data. Similarly, we think the sidelink HARQ report to gNB should not be piggybacked on PUSCH carrying URLLC uplink data.
 
Proposal 13: In case of time overlap between URLLC uplink data transmissions on PUSCH (i,e., “priority indicator” field in grant DCI equal to 1) and sidelink HARQ report to gNB, the sidelink HARQ report to gNB is dropped.

PUCCH resources for dynamic grant 
It was agreed [8] that in a sidelink configured grant when using sidelink HARQ feedback, there is only one HARQ-ACK bit for the configured grant and there is one PUCCH transmission occasion after the last granted sidelink resource. This design is to save uplink transmission resources at the cost of potential sidelink resource waste. 

In our view, the similar mechanism can be extended to sidelink dynamic grant as well, i.e., when using sidelink HARQ feedback, there is only one HARQ-ACK bit for a sidelink dynamic grant and there is one PUCCH transmission occasion after the last granted sidelink resource. The disadvantages of allocating multiple PUCCH transmission occasions in a sidelink dynamic grant are listed below: 

1. The PUCCH resource and timing (for sidelink HARQ report) need to be indicated in the DCI scheduling sidelink grant. If a single DCI for sidelink dynamic grant schedules multiple sidelink transmissions as well as multiple corresponding PUCCH transmissions, the DCI payload size becomes larger. This also breaks the unified design of DCI format for both dynamic grant and type 2 configured grant.  
2. The one-to-one mapping between PUCCH transmission and PSFCH reception is unnecessary. Consider an example where a DCI schedules multiple PSSCH resources for sidelink (re)transmissions. If sidelink HARQ-NACK is received for the initial PSSCH transmission, the report of sidelink HARQ-NACK to gNB does not necessarily trigger a new sidelink grant since the remaining PSSCH resources scheduled in the initial DCI can still be used for the sidelink retransmissions.
3. The multiple transmissions on PUCCH per sidelink dynamic grant will affect UE’s sidelink channel monitoring. Without sidelink channel sensing report from UEs, a gNB is unable to make efficient scheduling if a resource pool is shared by both Mode 1 and Mode 2. 

Proposal 14: For a dynamic sidelink grant when using sidelink HARQ feedback, there is only one HARQ-ACK bit for the grant and there is one PUCCH transmission occasion after the last granted sidelink resource.

Conclusion
In this contribution, we discussed remaining details on mode 1 resource allocation. Our proposals are as follows:

Proposal 1: In DCI format 3_0, the field of HARQ process ID has 4 bits; the field of time gap has 3 bits; the field of configuration index has 3 bits.

Proposal 2: To indicate that PUCCH resource is not provided, the “PSFCH-to-HARQ feedback timing indicator” field in DCI format 3_0 indicates an infinite value in a set of slot timing values provided by high layer parameter “sl-DataToUL-ACK”.

Proposal 3: To validate activating a type 2 sidelink configured grant in DCI format 3_0, the HARQ process ID is all 0’s and SCI format 0_1 field of frequency resource assignment is not all 1’s. To validate releasing a type 2 sidelink configured grant in DCI format 3_0, the HARQ process ID is all 0’s and SCI format 0_1 field of frequency resource assignment is all 1’s.

Proposal 4: If NR DCI format 3_0 is not the largest DCI format to be monitored in a search space, then it is zero padded to the smallest NR Uu DCI format which is larger than DCI format 3_0. If NR DCI format 3_0 is the largest DCI format to be monitored in a search space, then the largest NR Uu DCI format is zero padded to DCI format 3_0.

Proposal 5: The processing time for PSCCH/PSSCH preparation is 2 slots for 15/30 kHz SCS; 4 slots for 60 kHz SCS; 6 slots for 120 kHz SCS. 

Proposal 6: For sidelink configured grant type 1, the slot of the first sidelink transmission is the first sidelink slot of the corresponding resource pool that starts not earlier than SFN0 + TimeOffset - TTA/2, where SFN0 is the starting time of SFN=0, TimeOffset is configured in “SL-ConfiguredGrantConfig”, which is in unit of milli-seconds, and TTA is the timing advance value.

Proposal 7: If the sidelink transmission does not use sidelink HARQ feedback, the UE sends one bit on the UL resources for SL HARQ-ACK reporting. The content of the report is up to UE implementation. 

Proposal 8: For type 1 sidelink HARQ-ACK codebook, the procedures of multiplexing downlink HARQ-ACKs are reused with the following modifications:
· The slot timing values  is replaced by the slot duration between the last PSFCH occasion of a sidelink grant and PUCCH.
· PDSCH time resource is replaced by PSSCH time resource associated with the last PSFCH occasion.
· The downlink sub-carrier spacing is replaced by the sidelink sub-carrier spacing.
· The “tdd-UL-DL-ConfigurationCommon” and “tdd-UL-DL-ConfigurationDedicated” are replaced by the proper parameter for sidelink resources.
· No CBG or 2-TB based operation for sidelink HARQ-ACK.

Proposal 9: For type 2 sidelink HARQ-ACK codebook, a separate DAI is used for sidelink.

Proposal 10: In case of time overlap between URLLC UCI transmission (i.e., “priority indicator” field in scheduling DCI format equal to 1) and sidelink HARQ report to gNB, sidelink HARQ report to gNB is dropped.

Proposal 11: In case of time overlap between eMBB UCI transmission and sidelink HARQ report to gNB, if the smallest priority value in SCI associated with multiple sidelink HARQ report is higher than a threshold, then sidelink HARQ report to gNB is dropped. Otherwise, the eMBB UCI transmission is dropped. 

Proposal 12: For the transmission of sidelink HARQ report to gNB on PUSCH, the number of REs used for sidelink HARQ report is determined by a beta offset, which is obtained either in a semi-static way or in a dynamic way.

Proposal 13: In case of time overlap between URLLC uplink data transmissions on PUSCH (i,e., “priority indicator” field in grant DCI equal to 1) and sidelink HARQ report to gNB, the sidelink HARQ report to gNB is dropped.

Proposal 14: For a dynamic sidelink grant when using sidelink HARQ feedback, there is only one HARQ-ACK bit for the grant and there is one PUCCH transmission occasion after the last granted sidelink resource.
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