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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#98 the following agreements, conclusions and working assumptions have been made [2]:
· For PSSCH-to-HARQ feedback timing, to down-select:
· Option 1: K is the number of logical slots (i.e., the slots within the resource pool)
· Option 2: K is the number of physical slots (i.e., the slots within and outside the resource pool)
· FFS how to determine K.
· For TX-RX distance-based HARQ feedback for groupcast Option 1, 
· The location information of TX UE is indicated by the 2nd stage SCI payload 
· FFS whether/how higher layer signaling is also used in signaling the location information
· FFS whether/how to handle when the location information is not available at TX and/or RX UE.
· For Case 1 (PSFCH TX/RX overlap),
· Select PSFCH TX or RX based on priority rule
· Priority rule is based on at least priority indication in the associated PSCCH/PSSCH.
· FFS: Other priority rule (e.g. TX/RX, cast type, HARQ state, HARQ feedback option, number of (re)transmission of PSCCH/PSSCH), up to UE implementation
· For Case 2 (PSFCH TX to multiple UEs),
· Select N PSFCH(s) transmissions based on priority rule
· Priority rule is based on at least priority indication in the associated PSCCH/PSSCH.
· FFS: Other priority rule (e.g. cast type, HARQ state, HARQ feedback option, number of (re)transmission of PSCCH/PSSCH, collision status, etc.), up to UE implementation
· For Case 3 (PSFCH TX with multiple HARQ feedback to the same UE),
· FFS including whether to support multiple HARQ feedback bits are multiplexed on a PSFCH, whether to apply the solution of Case 2
· In Rel-16, at least for sequence-based PSFCH format with one symbol (not including AGC training period), it is not supported to do FDM between PSSCH/PSCCH and PSFCH.
· Discuss further the following:
· For a PSFCH format, in the symbols that can be used for PSFCH transmissions in a resource pool, a set of frequency resources is (pre-)configured for the actual use of PSFCH transmissions (i.e., PSFCH transmissions do not happen in other frequency resources). 
· FFS: Frequency resource sets for PSFCH are separated depending on HARQ feedback option.
· At least, it is supported to use a single K value for all UEs in a RX resource pool
· K=2 is supported
· FFS: whether to support other K values to be used as a single K value in a resource pool
· FFS: whether to support the use of multiple K values in a resource pool
· For implicit mechanism for PSFCH resource determination, 
· Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with different starting sub-channel in the same slot 
· Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with different starting sub-channel(s) in different slots
· FFS: Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with same starting sub-channel in different slots 
· FFS whether/when to support CDM between PSFCH resources used for HARQ feedback of PSSCH transmissions (e.g., when PSFCH resource is insufficient)
· For groupcast HARQ feedback Option 2, support CDM and FDM between PSFCH resources used by different RX UEs for HARQ feedback of the same PSSCH transmission
· FFS how to multiplex HARQ feedback for unicast, groupcast option 1, and groupcast option 2.
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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
In 3GPP RAN1#97, the following has been agreed with regards to the TX UE’s location [7]:
· For at least option 1 based TX-RX distance-based HARQ feedback for groupcast,
· A UE transmits HARQ feedback for the PSSCH if TX-RX distance is smaller or equal to the communication range requirement. Otherwise, the UE does not transmit HARQ feedback for the PSSCH
· TX UE’s location is indicated by SCI associated with the PSSCH.
· Details FFS 
· The TX-RX distance is estimated by RX UE based on its own location and TX UE location.
· The used communication range requirement for a PSSCH is known after decoding SCI associated with the PSSCH
· FFS implicit or explicit
· FFS how to define location

It was further agreed in the previous meeting that the location information of the TX UE would be indicated in the second stage SCI, and whether higher layers could be used in signalling this information. In this section, we explore how the higher layer signalling was used in LTE, and the best possible means to incorporate this in the SCI.
In LTE, the location information of the UE is transmitted to the eNB using measurement information elements, the IE LocationInfo, within an RRC measurement report as described in [8]. The details of the LocationInfo fields are described in [9] based on the geographic shapes as defined in [10]. The issue with the location information element is that the location information, in its smallest form, requires 48+8 bits to describe a 2-dimensional position (latitude, longitude), as shown in Figure 1. Including extra information, such as altitude or an uncertainty region, would naturally require even more bits. However, it is obvious that the number of bits used for the IE, even in its smallest form, cannot be afforded to be transmitted over the SCI, due to the large overhead it would cause.
The global position information is, in general, described with a large number of bits, but its objective was not to measure the TX-RX distance between UEs. 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 TX UE’s location. Furthermore, the communication range in groupcast communications over sidelink is limited. Taking these considerations into account, transmission of the global position information is not necessarily required to obtain the TX-RX distance in V2X groupcast.


[bookmark: _Ref20837529]Figure 1: Shape description of a position point [10]

Based on the communication range, the RX UE can reconstruct and estimate the location of the TX UE with a certain accuracy, if it receives a few bits of the TX UE location. For example, for the communication ranges of 50 to 500 meters, 3 to 4 bits of each of the latitude and longitude can be sufficient for the RX UE to estimate the location of the TX UE as depicted in Figure 2. The TX UE and RX UE are within some area that is much smaller than the whole of the globe. Therefore, the RX UE is able to select and fill the most significant bits of the each of the TX UE’s location coordinates, e.g. latitude or longitude, based on its own corresponding location coordinates. The RX UE then is required to receive k least significant bits from the TX UE to build the exact location of the TX UE. Based on the required accuracy, a number of least significant bits, i.e. j bits in Figure 2, can also be ignored.
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Figure 2: RX UE receives p bits from TX UE, deduces the complete location of TX UE with a certain accuracy

For example, consider the case where the 24-bit latitude information element is used (M=24 in Figure 2). This representation gives the accuracy of 3 meters [9]. Then, if the TX UE and RX UE are within 500 meters from each other, the RX UE deduces that the changes or differences are only within k=9 least significant bits. If the required accuracy for the RX UE’s estimation is, for example, 50 meters, the RX UE does not need to know the j=6 least significant bits of the latitude of the TX UE. This means that p=3 bits need to be transmitted from the TX UE to RX UE, so that the RX UE can obtain the location of the TX UE within the accuracy of 50 meters.
Furthermore, reducing j can increase the accuracy (3×2j-1 meters). Also, increasing k can maintain the possibility of estimating the position of TX UE in further ranges (3×2k-1 meters). However, considering the typical maximum ranges in a sidelink communication, the number of required bits to be transmitted, p, can be very limited.
Proposal 4: We propose transmitting a subset of the latitude and longitude parameters in the second stage of the SCI for distance-based groupcast communication.

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 5: The priority rule for RX/TX prioritization also contains 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 (ACKs first) 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.
Proposal 6: Apply the same priority rule as for RX/TX prioritization.
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 7: Support multiple HARQ-ACK bits in a PSFCH for N > 1, at least if indicated in PSCCH.
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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 transmitting a subset of the latitude and longitude parameters in the second stage of the SCI for distance-based groupcast communication.
Proposal 5: The priority rule for RX/TX prioritization also contains HARQ state. The RX UE drops a PSFCH transmission in favor of PSFCH reception, if all PSFCHs to be transmitted contain NACKs.
Proposal 6: Apply the same priority rule as for RX/TX prioritization.
Proposal 7: Support multiple HARQ-ACK bits in a PSFCH for N > 1, at least if indicated in PSCCH.
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