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Introduction
In the RAN#83 plenary meeting, the WID for Rel-16 NR V2X has been approved [1]. According to the WID, one of the objectives is to specify solutions for physical layer procedures. In the RAN1#97 meeting, some agreements on power control, HARQ feedback and PSFCH have been achieved. In this contribution, we share further considerations on some design aspects of physical layer procedures. 

[bookmark: _Ref228947482][bookmark: OLE_LINK43]Discussion
CSI acquisition
In RAN#83, the WID for NR V2X has been agreed. According to the WID, one of the objectives is to study CSI acquisition for unicast. 
· 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.

Based on the WID, CSI will be conveyed by PSSCH. For the sake of unified design, CSI reporting better uses the same framework as that of regular data transmission. That is, PSSCH conveying CSI is always scheduled by PSCCH (SCI). The SCI can notify the UE to receive CSI, and also indicate the resource allocation of PSSCH. 
Proposal 1: PSSCH is always scheduled by SCI even when delivering CSI via PSSCH.

Under different circumstances, PSSCH can contain: 
· Data only, or
· CSI only, or
· Data and CSI.
PSSCH was defined for conveying data from the beginning. Naturally, a UE will only transmit sidelink data via PSSCH. When there is a need for CSI report, the UE can only transmit CSI via PSSCH and thus does not have to wait for data arrival to use PSSCH. For a UE performing CSI report, when the UE happens to have data to transmit, it can transmit CSI together with data, i.e., using CSI piggyback on PSSCH. For different use cases, PSSCH can convey different types of information. Depending on whether CSI is carried on PSSCH or not, procedures for RE mapping and channel coding will be different. Misinterpretation at the receiving UE side can easily lead to decoding failure. To avoid any ambiguity, it would be necessary to let the receiving UE know which information is actually conveyed by PSSCH. Then the UE can perform de-mapping and decoding without any misunderstanding. For example, it can be considered to use SCI to indicate which information is contained in PSSCH.
Proposal 2: PSSCH can contain data only, or CSI only, or data and CSI. Therefore, it should be considered to use SCI associated with PSSCH to indicate which information is actually contained in PSSCH.

HARQ-ACK piggyback on PSSCH
In the RAN1#97 meeting, the following agreements have been achieved w.r.t. PSFCH resource configuration and HARQ feedback. 
Agreements:
· For the period of N slot(s) of PSFCH resource, N=2 and N=4 are additionally supported.
Agreements:
· For a PSSCH transmission with its last symbol in slot n, when the corresponding HARQ feedback is due for transmission, it is expected to be in slot n+a where a is the smallest integer larger than or equal to K with the condition that slot n+a contains PSFCH resources.
· FFS details of K


According to the agreements, PSFCH does not have to be configured in each slot. By this way, PSFCH overhead can be reduced. Depending on the PSFCH resource configuration, PSFCH may have less transmission opportunities than those of PSSCH e.g. when N = 2 or N = 4. In this case, if a receiver UE needs to feedback HARQ-ACK, it has to wait for an available PSFCH opportunity to perform HARQ-ACK transmission. During the waiting period where there is no PSFCH opportunity, if the receiver UE also has data to transmit on PSSCH to the transmitter UE, it can be considered to let the receiver UE piggyback HARQ-ACK on PSSCH. By this way, HARQ-ACK can be transmitted more quickly to the transmitter UE. In a slot configured with PSFCH, the UE needs to monitor PSCCH in the first several symbols, and then switch to transmit PSFCH at the last several symbols. Therefore, the Rx-to-Tx switching will be needed before PSFCH transmission. If HARQ-ACK can be piggybacked on PSSCH during the waiting period, the UE does not need to go through Rx-Tx switching to feedback HARQ-ACK on the originally assigned PSFCH resource. Therefore, it can be beneficial to have the flexibility to piggyback HARQ-ACK on PSSCH.
Proposal 3: It should be considered to support HARQ-ACK piggyback on PSSCH.

CBG-based (re)transmission and HARQ-ACK
CBG-based (re)transmission and CBG-based HARQ-ACK have been introduced in NR Rel-15. One of the motivations is to support preemption where URLLC services can override eMBB services. For NR V2X, services with different requirements need to be supported and thus preemption can still be useful. To support preemption, CBG-based (re)transmission and CBG-based HARQ-ACK can also be supported in NR V2X. Additionally, in the complex interference environment of sidelink, channel conditions can vary a lot even within one slot. For example, if PSSCH and PSFCH can be multiplexed in a FDM manner, PSFCH can have an impact on AGC accuracy and make only partial code blocks within the TB not received successfully. When only a partial TB fails due to e.g. the impact of PSFCH, CBG-based (re)transmission and CBG-based HARQ-ACK can also be used to save retransmission overhead. 
[bookmark: _GoBack]In NR V2X, transmission will occur in a certain resource pool. It could be possible that there is no preemption within this resource pool or there is no big channel condition fluctuation within this resource pool. For such a resource pool, CBG-based (re)transmission and CBG-based HARQ-ACK may not need to be configured. Therefore, it can be considered to configure CBG-based (re)transmission and CBG-based HARQ-ACK on a per resource pool basis.
Proposal 4: It should be considered to introduce CBG-based (re)transmission and CBG-based HARQ-ACK.

PSFCH resource determination
In the RAN1#97 meeting, the following agreements have been achieved w.r.t. PSFCH resource determination. 
Agreements:
· At least for the case when the PSFCH in a slot is in response to a single PSSCH:
· Implicit mechanism is used to determine at least frequency and/or code domain resource of PSFCH, within a configured resource pool. At least the following parameters are used in the implicit mechanism:
· [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Slot index (FFS details) associated with PSCCH/PSSCH/PSFCH
· [bookmark: OLE_LINK15][bookmark: OLE_LINK16]Sub-channel(s) (FFS details) associated with PSCCH/PSSCH
· Identifier (FFS details) to distinguish each RX UE in a group for Option 2 groupcast HARQ feedback
· FFS detailed applicability of the above parameters 
· FFS: Other parameters (e.g. SL-RSRP/SINR, Layer-1 source ID, location information, etc.)


According to the above agreements, for one HARQ-ACK enabled unicast/groupcast transmission, frequency-domain and/ or code-domain resource for PSFCH should be implicitly determined by the corresponding resource of PSCCH/PSSCH. Based on this mechanism, PSFCH resource collision can be avoided if no collision occurs on the corresponding PSCCH/PSSCH resource, and there is no need to trigger another round of sensing procedure for PSFCH resource selection. Some details may need to be clarified on how to use some parameters, e.g. slot index associated with PSCCH/PSSCH/PSFCH, and sub-channel(s) associated with PSCCH/PSSCH, to determine the corresponding PSFCH resource. 
[bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK19]In more details, the resource of PSFCHs should be confined within the frequency-lowest sub-channel of the potentially associated PSSCHs, and then arranged in ascending order of the PSCCH/PSSCH slot index in the HARQ-ACK feedback window, within the candidate frequency/code domain PSFCH resources of the sub-channel. The HARQ-ACK feedback window here is a set of slots in which the PSSCHs’ feedback are carried by PSFCHs in a certain slot. On this basis, when a sub-channel is selected as the starting frequency resource location of a PSSCH transmission in a slot, the PSFCH resources for HARQ-ACK feedback can be determined accordingly. An example is shown in the following figure. When PSSCH resource “1” is selected and the associated sub-channel is the starting frequency resource location of a PSSCH transmission, the corresponding PSFCH resource “1” is determined for HARQ-feedback.
[image: ]
Figure 1 Illustration for PSFCH resource determination

[bookmark: OLE_LINK50][bookmark: OLE_LINK51]Proposal 5: The frequency/code resources of PSFCHs should be confined within the frequency-lowest sub-channel of the potentially associated PSSCHs, and associated with PSSCHs in ascending order of the PSSCH slot index in the HARQ-ACK feedback window.
· The HARQ-ACK feedback window here is a set of slots in which the PSSCHs are associated with PSFCHs in the same slot

[bookmark: OLE_LINK48][bookmark: OLE_LINK49][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK52][bookmark: OLE_LINK53]One special case is option 2 groupcast, which needs some further considerations since one transmitted PSSCH may need multiple corresponding PSFCH resources for HARQ-ACK feedback in this option. Some additional methods for PSFCH resource determination can be further considered where the implicit mapping rule b/w PSSCH and PSFCH should not be broken. One potential method is that some “special” PSSCH resources can be configured in a resource pool where each “special” resource, i.e. a specific sub-channel in a specific slot, has more than one associated PSFCH resource. This configuration should be semi-static and included in the resource pool configuration IE. An example can be found in the following figure. In this figure, PSSCH resource “1” is a “special” resource which has a higher priority to be selected (the associated sub-channel is the starting frequency resource location) by an option 2 groupcast transmission, and the corresponding PSFCH resource for “1” is a set of PSFCH resources (assuming the total number of UEs=5 in the group), which can be FDM and/or TDM b/w each other in the set. The Rx UEs in the group can use these PSFCHs for HARQ-ACK feedback for the option 2 groupcast transmission. This method may cause PSFCHs of some other "normal" resources to be postponed to the resources with larger indexes within the sub-channel, like PSSCH resource “2” in the figure, but this has no impacts since all of the resource configurations are semi-static. Besides, it is up to the gNB implementation to ensure the feedback resources in a sub-channel corresponding to a HARQ-ACK feedback window are sufficient.
[image: ]
Figure 2 Illustration for RRC configured “special” resource method for option 2 groupcast

Proposal 6: For option 2 groupcast, some additional methods for PSFCH determination mechanism can be considered.
· E.g., some “special” PSSCH resources can be configured in a resource pool where each “special” resource has more than one associated PSFCH resource and has a higher priority to be selected by an option 2 groupcast transmission.

After Rx UEs in the group know the set of PSFCH resources corresponding to a “special” PSSCH resource which is selected by the Tx UE, an Rx UE in the group (in which the HARQ-feedback scheme is Op.2) can determine its own PSFCH resource according to its UE ID in the group. For groupcast option 2, there are some discussions and concerns in RAN2 including e.g. whether a UE can be aware of the existence of other UEs in the group, and whether UEs’ separate PSFCH resources provided by AS layer will render large signaling overhead. Thus, this mechanism can only work if RAN2 confirms that the UEs in a group can obtain the related information of the group, such as each member UE’s ID in the group, the size of the group, etc.
Proposal 7: For option 2 groupcast, an Rx UE in the group can determine its PSFCH resource based on its own UE ID in the group if it can be confirmed that the related information of the group can be obtained.
· The information includes member UE’s ID in the group, the size of the group, etc.

Distance-based HARQ feedback
In RAN1#97 meeting, the following agreement was made w.r.t TX-RX distance-based HARQ feedback. In this section, we provide our views on the open issues about location definition and Tx UE’s location indication.
Agreements:
· 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
· Send a response LS to SA2 including this agreement – R1-1907823 (Hanbyul, LGE), which is approved with final LS in R1-1907908


According to above agreement, the Tx UE needs to send it location information to the Rx UE to estimate the Tx-Rx distance. As raw geographical location information is quite large, it is not desirable to transmit it on L1 control channel. To compress the location information, it is beneficial to reuse the zone ID concept of Rel.14 LTE-V2X.  According to TR 36.331 [2], a UE determines its zone ID in which it is located based on its geographical coordinates. As for the indication of Tx UE’s zone ID, it was proposed by some company to signal it as a SCI field. The Tx-Rx distance can be derived based on Tx UE and Rx UE’s zone IDs. However, the estimation error of derived distance depends on the granularity of zone size. With a fine granularity of zone size, a relative small error can be obtained. Moreover, in Rel.14 LTE-V2X, zone IDs are repeated after configured number of zones. To avoid the location misunderstanding issue due to reusing zone IDs, the distance between the zones with the same zone ID should be sufficiently large. Thus, considering a fine granularity of zone size and a large zone ID reuse distance, a large number of zone IDs are required. Although the location information is compressed, including zone ID in SCI still brings non-negligible signaling overhead. 
Proposal 8: To support distance-based HARQ feedback, zone ID can be used to define UE’s location.
Observation 1. Indicating zone ID explicitly by SCI still brings high signaling overhead.

To reduce signaling overhead without introducing too much complexity, there is an alternatively way to indicate partial Tx UE’s location information implicitly by PSCCH DMRS. The location-based DMRS configuration can be used (Details can be found in our companion contribution [3]). More specifically, PSCCH DMRS sequences can carry a few LSBs of zone ID, and the MSBs of zone ID are carried by SCI.  For instance, assuming zone ID has a length of 10 bit, its 4 LSBs are implicitly indicated by PSCCH DMRS and its 6 MSBs are indicated by SCI explicitly. Together with the 4 LSBs obtained by blind detection of PSCCH DMRS and the 6 MSBs obtained by SCI decoding, the Rx UE can identify which zone the Tx UE locates in.  
Proposal 9: The approach to indicate some LSBs of zone ID implicitly by PSCCH DMRS can be considered.

Conclusions
In this contribution, we share views on some design aspects of physical layer procedures for NR V2X. The proposals and observations are highlighted as follows.
Proposal 1: PSSCH is always scheduled by SCI even when delivering CSI via PSSCH.
Proposal 2: PSSCH can contain data only, or CSI only, or data and CSI. Therefore, it should be considered to use SCI associated with PSSCH to indicate which information is actually contained in PSSCH.
Proposal 3: It should be considered to support HARQ-ACK piggyback on PSSCH.
Proposal 4: It should be considered to introduce CBG-based (re)transmission and CBG-based HARQ-ACK.
Proposal 5: The frequency/code resources of PSFCHs should be confined within the frequency-lowest sub-channel of the potentially associated PSSCHs, and associated with PSSCHs in ascending order of the PSSCH slot index in the HARQ-ACK feedback window.
· The HARQ-ACK feedback window here is a set of slots in which the PSSCHs are associated with PSFCHs in the same slot
Proposal 6: For option 2 groupcast, some additional methods for PSFCH determination mechanism can be considered.
· E.g., some “special” PSSCH resources can be configured in a resource pool where each “special” resource has more than one associated PSFCH resource and has a higher priority to be selected by an option 2 groupcast transmission.
Proposal 7: For option 2 groupcast, an Rx UE in the group can determine its PSFCH resource based on its own UE ID in the group if it can be confirmed that the related information of the group can be obtained.
· The information includes member UE’s ID in the group, the size of the group, etc.
Proposal 8: To support distance-based HARQ feedback, zone ID can be used to define UE’s location.
Observation 1. Indicating zone ID explicitly by SCI still brings high signaling overhead.
Proposal 9: The approach to indicate some LSBs of zone ID implicitly by PSCCH DMRS can be considered.
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