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1. Introduction
In RAN1#98 and the subsequent email discussions, agreements were reached with respect to HARQ feedback timing, feedback multiplexing, etc. [1]. In RAN1#98bis, more agreements were achieved for sidelink power control [2]. In this paper, we discuss remaining open issues related to NR V2X PHY procedures. 
2. PSFCH Resource Mapping 
HARQ resource mapping for unicast ACK/NACK feedback and groupcast NACK-only feedback (Option 1) is straightforward, since only one PSFCH resource is needed for a PSSCH transmission. For groupcast HARQ feedback Option 2 (ACK/NACK feedback), however, it is a little tricky since the PSSCH transmitter UE may need to distinguish feedbacks from different receivers, either it is ACK or NACK [3]. 
Considering this different requirement, a pure FDM of HARQ feedbacks from multiple receivers may be less feasible for HARQ Option 2. Depending on the maximum allowable group size, multiple PSFCH resources in frequency need to be reserved for each subchannel. Take 100-RB bandwidth and 10-RB subchannel size as an example, there would be 100 PSFCH resources in frequency in each PSFCH slot (assuming 1-RB PSFCH bandwidth). If N=4 (PSFCH time resource periodicity), there would be 40 subchannels in a feedback period. In other words, only 2 PSFCH frequency resources are available for each potential PSSCH transmission. 
To accommodate multiple feedbacks in limited resources for groupcast Option 2, CDM can be additionally supported. Specifically, two HARQ feedback frequency resources are reserved for a data transmission, one for ACK and the other one for NACK; NACK (or ACK) feedbacks from multiple receivers are CDM multiplexed, e.g., different cyclic shifts can be applied to the NACK (or ACK) sequence from different receiver UEs. This clarifies the following agreement concluded from in RAN1 email discussions.
	Proposal 2:
· For implicit mechanism for PSFCH resource determination,
· In a resource pool, one or multiple PSFCH candidate resources are determined from the starting sub-channel index and slot index used for the corresponding PSSCH
· Within the determined PSFCH candidate resources, PSFCH resource for actual transmission is selected based on at least the following parameters
· For unicast and groupcast HARQ feedback Option 1,
· FFS: L1-source ID (i.e., the ID of TX UE) indicated by SCI
· For groupcast HARQ feedback Option 2,
· member ID (i.e., the “identifier” agreed in RAN1#97 to distinguish each RX UE in a group for Option 2 groupcast HARQ feedback)
· FFS: L1-source ID (i.e., the ID of TX UE) indicated by SCI



Proposal 1a: For feedback Option 2: ACK and NACK are FDM multiplexed; multiple ACKs (or NACKs) from different receivers acknowledging the same PSSCH transmission are CDM multiplexed.
For groupcast Option 1, only one PSFCH frequency resource is needed for NACK transmission acknowledging the same PSSCH transmission. In this case, the NACK frequency resource mapped from the subchannel/slot location of the data transmission can be used by default. While for unicast HARQ feedback, either the ACK or the NACK frequency resource can be used for HARQ feedback transmission; or, the resource to be used for unicast feedback transmission is determined based on feedback message, e.g., ACK is transmitted on the ACK frequency resource and NACK is transmitted on the NACK frequency resource. 
Proposal 1b: For feedback Option 1: NACK from multiple receivers are transmitted in the same PSFCH frequency resource in SFN manner.
Proposal 1c: For unicast feedback: either one PSFCH frequency resource or two PSFCH frequency resources are used for an ACK/NACK transmission.
Furthermore, it has been agreed that a set of resources is configured in PSFCH slot for actual use. 
	Proposal 4:
· 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).
· This (pre)configuration includes the case where all the frequency resources in a resource pool are available for the actual PSFCH transmission.



We propose that this set of resources consists of contiguous frequency resources in the resource pool; and based on the above analysis, this set of resources has two parts, one part is used for ACK transmission and the other part is used for NACK transmission.
Proposal 2: In the configured set of PSFCH resources, two PSFCH frequency resources are mapped from each subchannel/slot index; one of the frequency resources is used for ACK transmission, the other one is used for NACK transmission.
Fig. 1 summarizes the discussed HARQ resource management solution in this section. As we can see, feedback for different cast types/feedback options can be properly multiplexed with a uniform design.
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Fig. 1. An example for HARQ feedback resource mapping
For sidelink HARQ feedback resource selection reference, source ID was also discussed but there was no agreement concluded from the email discussion.
	· For unicast and groupcast HARQ feedback Option 1,
· FFS: L1-source ID (i.e., the ID of TX UE) indicated by SCI
· For groupcast HARQ feedback Option 2,
· member ID (i.e., the “identifier” agreed in RAN1#97 to distinguish each RX UE in a group for Option 2 groupcast HARQ feedback)
· FFS: L1-source ID (i.e., the ID of TX UE) indicated by SCI



For sidelink communication with autonomous resource selection, it may be inevitable that more than one Tx UEs select and transmit on the same data resource. In this case, it may be desirable that feedbacks to the multiple collided transmissions are distinguishable. One straightforward approach to achieve this is to support PSFCH code domain resource selection based on transmitter UE identifier. Or specifically, source ID can be used to determine the HARQ feedback sequence.
Proposal 3: PSFCH code domain resource (sequence) is selected based on source ID.
3. Distance-based PSFCH Transmission 
For distance based HARQ feedback transmission, it is critical that Tx UE’s location can be efficiently conveyed at PHY. RAN1#98bis has the following working assumption for Tx UE location signaling.
	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 TE UE’s location is indicated by SCI.
· Details FFS
· Note: this does not intend to impact the discussion on the zone based resource allocation.



As we have analyzed in [3], zone ID indication is a more feasible solution for conveying location at PHY. Therefore, we propose that RAN1 confirms this working assumption. 
Proposal 4a: RAN1 confirms the working assumption for zone ID indication for Tx-Rx distance determination. 
LTE has zone defined for V2X and zone size is configurable [4].
	The UE shall determine an identity of the zone (i.e. Zone_id) in which it is located using the following formulae, if zoneConfig is included in SystemInformationBlockType21 or SystemInformationBlockType26 or in SL-V2X-Preconfiguration:
x1= Floor (x / L) Mod Nx;
y1= Floor (y / W) Mod Ny;
Zone_id = y1 * Nx + x1.
The parameters in the formulae are defined as follows:
L is the value of zoneLength included in zoneConfig in SystemInformationBlockType21 or SystemInformationBlockType26 or in SL-V2X-Preconfiguration;
W is the value of zoneWidth included in zoneConfig in SystemInformationBlockType21 or SystemInformationBlockType26 or in SL-V2X-Preconfiguration;
Nx is the value of zoneIdLongiMod included in zoneConfig in SystemInformationBlockType21 or SystemInformationBlockType26 or in SL-V2X-Preconfiguration;
Ny is the value of zoneIdLatiMod included in zoneConfig in SystemInformationBlockType21 or SystemInformationBlockType26 or in SL-V2X-Preconfiguration;
x is the geodesic distance in longitude between UE's current location and geographical coordinates (0, 0) according to WGS84 model [80] and it is expressed in meters;
y is the geodesic distance in latitude between UE's current location and geographical coordinates (0, 0) according to WGS84 model [80] and it is expressed in meters.



The principle of zone definition can be reused in NR V2X. Nevertheless, the parameters  and  may have different sizes than LTE considering the requirement of location indication for HARQ feedback. We will discuss this later.
Proposal 4b: LTE zone definition is reused for NR V2X zone concept, including configuration of zone size. 
3.1 Zone ID Signaling
Although LTE zone concept/configuration has been well defined, there may still be some differences in NR because zone concept in NR is for Tx-Rx distance determination. Specifically, following factors should be considered for zone-based location indication and distance computation.

· Location accuracy
Tx-Rx distance accuracy depends on location accuracy. For zone-based location indication, it is desirable that reasonable accuracy for distance determination can be guaranteed. This can be achieved by defining reasonable zone size.
· Distance ambiguity
Since only LSB of raw zone ID is indicated, it is possible that a Rx UE gets same zone ID from different Tx UEs which are actually not in the same zone. This is known as zone ID wraparound.
Both factors determine the signaling overhead. For example, better location accuracy means smaller zone size, and thus more bits needed for zone indication; less/no distance ambiguity means more LSBs to be transmitted, hence greater signaling overhead. Although zone ID is carried in second stage SCI, it is still beneficial to keep the signaling overhead at reasonable level.
Considering all these factors, also to have more flexibility in NR V2X deployment, it is desirable to have configurable number of bits for zone indication. One example is to scale the number of bits based on SCS. It is possible that viable communication range may be different for different SCS, and thus the number of bits needed can be different. In a word, having the number of bits configurable provides flexibility for NR V2X deployment. Note that, since the bits number for zone indication in SCI 2 is (pre)configured, this will not change the SCI format, nor complicate the SCI blind decoding.
For example, 10 bits zone ID indication will enable to form a zone area of 32*32 zones. For 50m zone size, zone ID is unique within 1.6km range. If we have 16 bits for zone ID indication, a zone area of 256*256 zones will be formed, so even with a smaller zone size (e.g., 20m), the zone area 5.12km is still large enough to avoid potential zone ID ambiguity.
Proposal 5: Bits number for zone indication is (pre)configured; the maximum configurable value is 16.
3.2 Distance Computation Based on Zone ID
A Rx UE gets only zone ID from Tx UE, so it is impossible to determined distance based on Tx UE’s accurate location (e.g., coordinates). A simple approach is, the Rx UE computes the distance assuming the Tx UE is at the center of that zone. While for Rx UE, it knows the location of itself, so it can either compute the distance assuming the Rx UE is at the center of ego zone, or compute the distance based on its actual location.
· Option 1: Tx-Rx distance is computed as distance between centers of two zones
· Option 2: Tx-Rx distance is computed as distance between center of Tx zone and actual Rx location
Fig. 2 shows the CDF of distance error for the above two options. We can see that at probability of 90%, the difference of distance errors between the two options is 4.3m for 20m zone size, and 10.8m for 50m zone size. Considering that we already have lost accuracy in distance determination (zone instead of geographical coordinates for Tx UE), it is beneficial that the actual location of Rx UE can be used for distance determination. To have consistent UE behaviors at Rx for Tx-Rx distance computation, we propose that the standards specify the Option 2 to be used for UEs to determine Tx-Rx distance.
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Fig. 2. Distance error from zone-based distance computation,  (left) and  (right) zone size
Proposal 6a: The Tx-Rx distance is determined as distance between center of Tx UE zone and actual Rx UE location.
Another problem for zone-based distance determination is the distance ambiguity due to zone ID wraparound. Specifically, when a Rx UE receives a zone ID from a Tx, it may be difficult for the Rx UE to determine a specific geographical zone based on the ID because there are multiple zones nearby having the same zone ID indication. An example is shown in Fig. 3. Here two zone areas are shown in the figure; zone ID is unique within each zone area. For a Tx-Rx link, it is possible that a received zone ID indicates a zone within the same zone area, or a zone in different zone area. To eliminate the ambiguity, the Rx UE can always assume the Tx-Rx distance is the distance from the nearest zone having the indicated zone ID. When the zone area is large enough, we expect that there would be no distance error caused by ambiguity because it is very less likely that signals from two zones having same zone ID can reach a Rx UE.


Fig. 2. An example for zone ID ambiguity
Proposal 6b: In determination of Tx-Rx distance from zone ID, the Rx UE assumes the distance is distance between the nearest zone having the indicated zone ID and the Rx UE.
3.3 Communication Range Indication
It has been agreed that the feedback distance will be signaled in second stage SCI:
	Agreements:
· For the communication range requirement for TX-RX distance-based HARQ feedback, explicit indication in the 2nd stage SCI is used.
· FFS details



For this distance indication, it is straightforward to define a mapping from a distance to an index. For example, with 6 bits for distance indication, there can be a total 64 distances, which seem a reasonable number considering the possible maximum communication range and resolution. As a simple example, with a 20m distance step, 64 indices can indicate communication range from 20 meters up to 1.28km. Nevertheless, similar to zone ID indication, we propose that both the step of range and the bits number for range indication are (pre)configured, so we have flexibility in NR V2X deployment. For example, we can have multiple range steps between 10m and 100m defined, one of the range steps can be preconfigured based on requirement.
Proposal 7: Bits number for communication range indication and range step are preconfigured; the maximum configurable value is 6; multiple range steps are defined for pre-configuration.
4. PSFCH Transmission with Tx/Rx Constraints
The PSFCH Tx/Rx overlap issue is due to half-duplex constraint on sidelink; while for PSFCH Tx/Tx overlap, a UE may need to transmit multiple HARQ feedbacks in a PSFCH slot for multiple PSSCH transmissions. RAN1 has achieved the following agreements to address these two issues. 
	Agreements:
· 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



The priority rule based on priority indication can work well in most cases. However, it is still possible that Tx and Rx, or multiple HARQ Tx, may happen to have same priority. This can just be left for UE implementation. In other words, other than priority indicated by PSCCH/PSSCH, no additional rule is needed for PSFCH Tx/Rx or Tx/Tx prioritization. 
Proposal 8: No additional rule is needed for Case 1 and Case 2 PSFCH overlap handling.
For PSFCH overlap Case 3, there is no need to introduce dedicated solution for this specific case since which may only complicate the sidelink feedback design.
5. Associating A CSI Report with CSI-RS
In RAN1#98bis [2], it was agreed that CSI RS is transmitted in the PSSCH corresponding to the SCI triggering a CSI report, which itself is transmitted in a MAC-CE:
	Agreements:
· SL CSI-RS is transmitted by a UE only if: 
· when the corresponding PSSCH is transmitted (as agreed before) by the UE, and,
· when SL CQI/RI reporting is enabled by higher layer signaling, and 
· when enabled, if the corresponding SCI by the UE triggers the SL CQI/RI reporting 
Agreements:
· 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



On the Uu link, the CSI report is transmitted on resources indicated by the triggering DCI (or on configured resources for periodic CSI). No such mechanism is present on sidelink and the reporting UE will use the resource allocation procedure when transmitting the report, which is subject to half duplex constraints. This issue becomes more pronounced when multiple reports are triggered, in such a case, the triggering UE will need to know which report is associated with which CSI-RS. The source and destination IDs are already included in SCI, enabling the triggering UE to determine the reporting UE, but not which CSI-RS was used to perform the measurements if multiple were transmitted to the same UE. To solve this issue, the frame number and slot index where CSI-RS was received can be included in the MAC-CE carrying the CSI report.
Proposal 9: Frame number and slot index within the frame corresponding to the CSI-RS used for a CSI report are included in the MAC-CE carrying the report.
6. Conclusions 
In this contribution, sidelink physical layer procedures are discussed. We have the following proposals.
Proposal 1a: For feedback Option 2: ACK and NACK are FDM multiplexed; multiple ACKs (or NACKs) from different receivers acknowledging the same PSSCH transmission are CDM multiplexed.
Proposal 1b: For feedback Option 1: NACK from multiple receivers are transmitted in the same PSFCH frequency resource in SFN manner.
Proposal 1c: For unicast feedback: either one PSFCH frequency resource or two PSFCH frequency resources are used for an ACK/NACK transmission.
Proposal 2: In the configured set of PSFCH resources, two PSFCH frequency resources are mapped from each subchannel/slot index; one of the frequency resources is used for ACK transmission, the other one is used for NACK transmission.
Proposal 3: PSFCH code domain resource (sequence) is selected based on source ID.
Proposal 4a: RAN1 confirms the working assumption for zone ID indication for Tx-Rx distance determination. 
Proposal 4b: LTE zone definition is reused for NR V2X zone concept, including configuration of zone size. 
Proposal 5: Bits number for zone indication is (pre)configured; the maximum configurable value is 16.
Proposal 6a: The Tx-Rx distance is determined as distance between center of Tx UE zone and actual Rx UE location.
Proposal 6b: In determination of Tx-Rx distance from zone ID, the Rx UE assumes the distance is distance between the nearest zone having the indicated zone ID and the Rx UE.
Proposal 7: Bits number for communication range indication and range step are preconfigured; the maximum configurable value is 6; multiple range steps are defined for pre-configuration.
Proposal 8: No additional rule is needed for Case 1 and Case 2 PSFCH overlap handling.
[bookmark: _GoBack]Proposal 9: Frame number and slot index within the frame corresponding to the CSI-RS used for a CSI report are included in the MAC-CE carrying the report.
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