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Introduction
The work item for NR V2X was approved in RAN#83, and revised in RAN#84 [1], and the following objectives were identified in relation to resource allocation:
	1. NR sidelink: Specify NR sidelink solutions necessary to support sidelink unicast, sidelink groupcast, and sidelink broadcast for V2X services, considering in-network coverage, out-of-network coverage, and partial network coverage.
· Sidelink physical layer procedures as per the study outcome
· HARQ procedures [RAN1, RAN2]
· CSI acquisition for unicast [RAN1]
· CQI/RI reporting is supported and they are always reported together. No PMI reporting is supported in this work. Multi-rank PSSCH transmission is supported up to two antenna ports.
· In sidelink, CSI is delivered using PSSCH (including PSSCH containing CSI only) using the resource allocation procedure for data transmission.
· Power control [RAN1, RAN2]



Furthermore, in RAN1#98bis, the following agreements, conclusions and working assumptions have been made [2]:
· For CQI/RI reporting on PSSCH:
· Higher layer signaling (e.g. MAC CE) is used for CQI/RI reporting
· Details up to RAN2
· SL CQI/RI measurement and derivation are based on the existing physical layer procedure for Uu
· Send an LS to RAN2 to capture the above agreements, along with those related to power control, to RAN2 – Hanbyul (LGE), R1-1911662, which is endorsed with final LS R1-1911698. 
· For PSSCH-to-HARQ feedback timing, K is the number of logical slots (i.e. the slots within the resource pool)
· Working assumption:
· For TX-RX distance-based HARQ feedback for groupcast Option 1,
· Zone is (pre-)configured with respect to geographical area, and Zone ID associated with TX UE’s location is indicated by SCI.
· Details FFS
· Note: this does not intend to impact the discussion on the zone based resource allocation.
· For the communication range requirement for TX-RX distance-based HARQ feedback, explicit indication in the 2nd stage SCI is used.
· FFS details
· Working assumption:
· For HARQ feedback in groupcast and unicast, when PSFCH resource is (pre-)configured in the resource pool,
· SCI explicitly indicates whether HARQ feedback is used or not for the corresponding PSSCH transmission.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]In this contribution, we propose an SCI signaling design and possible HARQ operations for unicast communications.

SCI Signaling Design
In the NR V2X study item [3], it has been agreed that at least the Layer-1 source and destination IDs and the HARQ process ID are conveyed in the SCI. Furthermore, a field in the SCI indicating whether the associated PSSCH is a retransmission or a new transmission, such as the NDI, is required to avoid ambiguity between the UEs. Hence, the SCI has to include at least the following fields for supporting transmissions with HARQ operations:
· L1 Destination ID,
· L1 Source ID,
· HARQ Process ID,
· NDI.
Based on the outcome of the previous meetings, it was agreed to support a 2-stage SCI design in [2], with the first stage SCI decodable by all UEs. This would make it essential for the L1 destination ID to be contained within the first stage SCI, as it would enable the receiving UEs to easily identify from the first stage itself as to whether they have to listen to the second stage of the SCI. The remaining fields can be incorporated in the second stage SCI.
It was decided in RAN1#96bis [3] that the PSFCH can be (pre-)configured for a resource pool, with the possibility of the resource pool not having a PSFCH as well. Based on this agreement, and since HARQ feedback operations have been agreed to be used only for unicast and groupcast communications [4], the resource pool with PSFCH would be used for unicast and groupcast communications, and the other resource pool without PSFCH predominantly for broadcast communications, with the possibility or unicast and groupcast communications with HARQ feedback disabled also using this resource pool. This is discussed in further detail in our accompanying contribution [5].
This would essentially mean that only unicast and groupcast communications with HARQ feedback enabled would require the second stage SCI to contain HARQ related fields such as the HARQ process ID and the NDI field. However, for broadcast communications, HARQ feedback will not be applied and hence the HARQ related fields can be removed, thus reducing the second stage SCI payload size. If HARQ feedback is disabled for unicast or groupcast communications, these transmissions can also use the second stage SCI without the feedback fields. The remaining bits may be used to achieve a lower code rate, which contributes to a higher reliability of the SCI. In this case, the second stage SCI for scheduling a broadcast PSSCH would include the L1 source ID field, so that receiver UEs can identify the source UE.
It would hence be advantageous if specific second stage SCIs would be transmitted in each of these configured resource pools, as it would decrease the blind decoding effort for the receiving UEs, since, for example, only one specific SCI format with HARQ related fields would be transmitted in the resource pool with PSFCH enabled. 
Proposal 1: We propose to support different second stage SCI formats for HARQ-based and HARQ-less transmissions:
· HARQ-based second stage SCI can be utilized for unicast and groupcast communications,
· HARQ-less second stage SCI can be utilized for broadcast communications, as well as for unicast and groupcast communications with HARQ feedback disabled.
If different SCI formats are supported based on the presence or absence of the PSFCH, the relevant SCI format can be specified in the respective resource pool configuration itself. This would alleviate the need for UEs to blind decode and detect all SCI formats, so that UEs only have to decode the relevant SCI format. This reduces UE processing requirements as well as improves power consumption at the UE.
Proposal 2: We propose that the resource pool configuration contains the SCI formats to be monitored by the UE.

CBG HARQ operation for NR V2X
In the NR V2X SI, it has been agreed that if HARQ is enabled, the UE generates at least an ACK or a NACK for a received transmission [6]. At this point, it is a valid question as to whether CBG-based HARQ feedback has to be supported on the SL. This highly depends on whether TBs spanning several slots and/or sub-channels are supported.
Partial collisions might occur if the transmission of larger data packets, spanning multiple time-frequency resources, overlaps with short data packets, spanning a single time-frequency resource, being transmitted by a close by UE. In this case, the advantages of using a per CBG HARQ-ACK-based reporting is quite obvious. Due to the differing interference situation of each individual resource unit, the retransmission would benefit from the per-CBG HARQ-ACK. However, for the case of equally sized transmissions, which might collide with each other, CBG HARQ-ACK would not be worth the increased reporting overhead.
Proposal 3: We propose to support CBG-based HARQ-ACK at least for the case of transmissions spanning multiple time and/or frequency resources.

Location Information for TX-RX Distance
It was agreed in previous meetings, that the location information of the TX UE would be indicated in the second stage SCI. Furthermore, in RAN1#98bis, the working assumption was made that a zone is (pre-)configured with respect to a geographical area and that a Zone ID associated with the UE’s location is indicated by the SCI. In this section, we provide details on how a zone-based concept can be adopted for calculation of the TX-RX distance.
The objective of V2X groupcast TX UEs is to provide information to the RX UE, enabling it to estimate the TX-RX distance based on its own location and the TX UE’s location. Furthermore, the communication range in groupcast communications over sidelink is limited.
In LTE, zones were used for mapping different TX resource pools to particular zones based on the location of the UE. Although the zone concept originally catered to a different purpose in LTE, with some enhancements it can be carried over to indicate the TX UE’s location in NR V2X. For NR V2X the zone IDs can be derived from the longitude and latitude parameters in a similar manner as in LTE [7]:
x1= Floor(x/L) Mod Nx
y1= Floor(y/W) Mod Ny
Zone_id = y1* Nx + x1

[bookmark: _GoBack]Where the parameters are defined as follows:
x: longitude,
y: latitude,
L: Zone Length
W: Zone Width
Nx: number of zones over longitude dimension
Ny: number of zones over latitude dimension
In LTE, the zones are adaptable in size and this size can be configured from 5 meters up to 500 meters. In NR V2X, for calculating the TX-RX distance with a certain accuracy, a finer or wider granularity of zones would be required. In some cases, this would lead to a higher number of zones to cater to higher precision, in other cases this would lead to a variable size for a zone depending on the minimum communication range. For larger minimum communication ranges, it can be assumed that less accuracy is required since the relative error decreases. Therefore, we propose for the purpose of group distance information, the size of zones to be (pre-)configured based on the communication range associated to the group.
Proposal 4: We propose to map the size of the zone to the minimum communication range associated to a particular group. The mapping can be (pre-)configured for each of the communication ranges.
The zone ID is repetitive in nature because zonal grids with the same zone IDs are repeated to wrap-around and correspond to the world’s surface using a single fixed reference point. In NR V2X, the RX UE needs to uniquely identify the location of the TX UE from the zone ID that is indicated in the SCI. In the case where the RX UE detects multiple zones with the same zone ID as indicated by the TX UE, the RX UE picks the closest zone to itself. This is based on the minimum distance the RX UE can calculate from these different zones with the same zone ID. This selection is justified by the fact that there is a minimum communication range and that the zone size is proposed to be selected with regard to the minimum communication range.
Proposal 5: We propose that the RX UE calculates the TX-RX distance by choosing the longitude and latitude of the TX UE based on the zone ID, indicated in the SCI, such that this distance is minimized.
[bookmark: _MON_1016354364] 
HARQ Operation for Unicast
For SL unicast and groupcast operations, HARQ feedback and HARQ combining has been studied and agreed in [4]. The receiving UE generates HARQ feedback for an incoming transmission and conveys it to the transmitting UE via the PSFCH. The time gap between PSSCH and transmitting the associated PSFCH is (pre-)configured for UEs operating in Mode 1 or Mode 2 [4]. Furthermore, the PSFCH periodicity N is part of the resource pool configuration [3].
For N=1, designing an implicit association between PSSCH and PSFCH is not an issue and can be realized depending on certain global parameters, as agreed in the last meeting [4]. However, for N > 1, assuming that there is one PSFCH per sub channel, the multiplexing among UEs and their feedback transmissions leads to three main issues that were identified in the RAN1#97 meeting.
PSFCH TX-RX Overlap
The issue can be described as the scenario where a UE has to transmit HARQ feedback on the PSFCH for a received data transmission, but also expects to receive another HARQ feedback on the PSFCH, at the same time slot, for a data packet which was transmitted by the UE earlier.
In the last meeting, RAN1 agreed to have a priority rule for UEs to decide whether they have to transmit or receive feedback on the PSFCH. Furthermore, the priority rule is based at least on the priority indication in the associated PSCCH. However, in some cases, additional parameters for the priority rule improve the efficiency.
The TX UE expects a feedback for its transmission to the RX UE, but in the case when the RX UE does not transmit feedback on the PSFCH, the TX UE will interpret it as a NACK. This is due to the possibility that the RX UE might have missed the transmission completely. Hence, in the case that the UE has to report a NACK to the TX UE, it is beneficial to receive on the PSFCH instead of transmitting feedback on the PSFCH regardless of the associated priorities. In the case that multiple PSFCHs have to be transmitted in the same slot, the same priority rule can be applied if all of the PSFCHs that are to be transmitted contain NACKs only.
Proposal 6: The priority rule for RX/TX prioritization also contains the HARQ state. The RX UE drops a PSFCH transmission in favor of PSFCH reception, if all PSFCHs to be transmitted contain NACKs.

PSFCH TX to Multiple UEs
This issue is similar to the TX-RX overlap problem and a similar priority rule can be applied to choose N PSFCHs that can be transmitted in the same slot. The UE can sort the PSFCHs according to their HARQ state first (ACKs first), and then according to their priority (high priority first). Based on this sorting, the UE chooses the first N PSFCHs to transmit in the same slot. However, according to RAN4, the RF requirements for contiguous and non-contiguous allocations can vary [8], which could result in different values of N depending on the frequency distribution of the PSFCHs. In order not to overcomplicate the procedure, a minimum value for N could be determined which is feasible in any case. 
Proposal 7: Apply the same priority rule as for RX/TX prioritization to choose N PSFCHs, where N is the minimum value of PSFCHs that the UE can transmit simultaneously regardless of their frequency pattern.

PSFCH TX with Multiple HARQ Feedback to Same UE
When one UE is receiving multiple transmissions from another UE, the receiving UE is expected to send back multiple HARQ feedbacks for each of the transmissions. This is limited by the number N which is the maximum number of PSFCH transmissions in the same slot. Depending on the size of N, this may pose a significant restriction for SL communications.
To cope with this issue, the RX UE may multiplex more than one HARQ-ACK for the same UE into the same PSFCH resource. However, the major issue is how to handle the case when a RX UE misses the SCI. In this case, the RX UE and TX UE would not be aligned on the number of bits to expect in PSFCH and this could lead to ambiguities. However, in case each of the PSCCHs indicates the total number of TBs, i.e. the expected number of HARQ-ACK bits, the RX UE could figure out whether it missed a transmission or not. For further simplification this could also be restricted to transmissions using the same sub-channel and different slots.
Proposal 8: Support multiple HARQ-ACK bits in a PSFCH for N > 1, at least if indicated in PSCCH.

[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Conclusion
Based on our analysis carried out in this contribution, we propose the following:
Proposal 1: We propose to support different second stage SCI formats for HARQ-based and HARQ-less transmissions:
· HARQ-based second stage SCI can be utilized for unicast and groupcast communications,
· HARQ-less second stage SCI can be utilized for broadcast communications, as well as for unicast and groupcast communications with HARQ feedback disabled.
Proposal 2: We propose that the resource pool configuration contains the SCI formats to be monitored by the UE.
Proposal 3: We propose to support CBG-based HARQ-ACK at least for the case of transmissions spanning multiple time and/or frequency resources.
Proposal 4: We propose to map the size of the zone to the minimum communication range associated to a particular group. The mapping can be (pre-)configured for each of the communication ranges.
Proposal 5: We propose that the RX UE calculates the TX-RX distance by choosing the longitude and latitude of the TX UE based on the zone ID, indicated in the SCI, such that this distance is minimized.
Proposal 6: The priority rule for RX/TX prioritization also contains the HARQ state. The RX UE drops a PSFCH transmission in favor of PSFCH reception, if all PSFCHs to be transmitted contain NACKs.
Proposal 7: Apply the same priority rule as for RX/TX prioritization to choose N PSFCHs, where N is the minimum value of PSFCHs that the UE can transmit simultaneously regardless of their frequency pattern.
Proposal 8: Support multiple HARQ-ACK bits in a PSFCH for N > 1, at least if indicated in PSCCH.
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