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During the course of the NR V2X WI, physical layer procedures for sidelink were extensively discussed, with the general design of HARQ procedures being specified. In particular, at RAN1#97, the following agreement was reached:
· 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:
· Slot index (FFS details) associated with PSCCH/PSSCH/PSFCH
· 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.)
In addition, the following questions remain, and need to be addressed:
· Study further whether/how to handle/avoid the following cases for PSFCH transmission and reception:
· Case 1 (PSFCH TX/RX overlap): A UE transmitted a PSSCH and received SCI scheduling another PSSCH where PSFCH resources corresponding the two PSSCHs appear in the same slot.
· Case 2 (PSFCH TX to multiple UEs): A UE received SCI from different UEs and the associated PSFCHs appear in the same slot.
· Case 3 (PSFCH TX with multiple HARQ feedback to the same UE): A UE received multiple SCI from the same UE and the associated PSFCHs appear in the same slot.
In this contribution, we address these remaining issues on PSFCH design.

Discussion
Resource mapping
The complexity of PSFCH resource mapping is illustrated in Figure 1. The PSFCH may not be present in every single slot in order to reduce overhead. Some packets may be acknowledged at a later time than others, thus making the PSFCH resource mapping quite complicated.
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Figure 1. PSFCH structure.

The exact PSFCH resource will have to be determined once the overall sidelink design has further progressed. However, we can already give general guidelines. 
For unicast, the problem is actually relatively simple: the PSFCH resources can be mapped in a somewhat similar way than how the PUCCH is mapped. More specifically, the PSFCH resource can be derived based on the lowest subchannel used for transmission. If the PSFCH is present on all slots, the PSFCH can occupy the lowest subchannel used for the transmission to be acknowledged. If the PSFCH is only present any N slots, similar rules can be applied with lower granularity. Note that for a shared carrier configured with TDD for eMBB, the slot where the PSFCH is transmitted must not be a DL slot. This can be avoided by indexing the slots after eliminating the DL slots.
Proposal 1: For unicast, the PSFCH resource is dependent on the following parameters:
· The lowest subchannel index of the transmission to be acknowledged
· The slot index of the transmission to be acknowledged
One possible drawback of this proposal is that the PSFCH may be over-provisioned. This is especially true when big packets are transmitted: in the extreme case, a single packet occupying the entire carrier bandwidth could be transmitted, and the PSFCH would then consume one symbol for transmitting an extremely small number of bits. However, this design also provides high reliability/low interference on the PSFCH, which is critical for HARQ feedback. In addition, for services where latency constraints can be relaxed, the PSFCH could be configured relatively infrequently, thereby reducing overhead.
TX/RX PSFCH conflict
In this section, we address the first case of the conclusion of RAN1#97:
· Case 1 (PSFCH TX/RX overlap): A UE transmitted a PSSCH and received SCI scheduling another PSSCH where PSFCH resources corresponding the two PSSCHs appear in the same slot.
One example of this conflict is shown in Figure 2. We assume here for sake of example that there are PSFCH resources every fourth slot. In the scenario shown in Figure 2, the UE first receives a packet on slot #0, and transmits a packet on slot #1. Given that PSFCH resources are on slot #3, the UE then has to receive and transmit on the same PSFCH symbols.
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Figure 2. PSFCH resource conflict with reception first
In such a case, the conflict can be resolved simply. When the UE receives a packet that will require it to transmit in the PSFCH, it can refrain from scheduling a transmission that would require it to receive in the PSFCH. This way. The TX/RX conflict can be avoided. For packets of highest priorities, additional rules could be defined: for instance, a vehicle about to crash may transmit even if it possibly creates a TX/RX conflict.
Proposal 2:
· When a UE has received a transmission that requires sending a HARQ feedback on the PSFCH, it cannot schedule a sidelink transmission that would require monitoring the PSFCH symbols where it sends HARQ feedback
· FFS if and how packet priority is taken into account

Another possible example of conflict is shown in Figure 3. In this case, the UE has transmitted first and is now expecting HARQ feedback, but receives a subsequent transmission that would require transmitting on the PSFCH symbols it has to monitor.
[image: ]
Figure 3. PSFCH resource conflict with transmission first.
Several possibilities to resolve this conflict can be derived:
· The UE may prioritize e.g., transmitting the HARQ feedback and schedule an automatic retransmission of its packet
· The UE may decide to send or receive the HARQ feedback for the packet of highest priority
· The UE may decide to send or receive the HARQ feedback for the packet that has the least number of possible retransmissions left
The first option has the merit of providing a simple mechanism to solve conflict resolution. However, by ignoring the service priority and the radio conditions experienced by previous transmission of a packet, it will often lead to a suboptimal decision. The second option addresses the packet priority, but might be too limited: for instance, it is possible that a packet of relatively high priority is on its first HARQ transmission, and might tolerate one/two additional transmissions while remaining within the latency budget. In such a case, it might be possible, and advantageous to send feedback for a packet of lower priority, but is, e.g., on its last HARQ transmission. Thus, we propose to support a combination of option 2 and option 3.
Proposal 3: when there is a TX/RX conflict that cannot be avoided by Proposal 2, the following parameters are taken into account to decide whether to listen to, or transmit the PSFCH:
· Priority of TX and RX packets
· Number of HARQ transmissions already used for the TX and RX packets.

Multiple PSFCH transmitted to multiple UEs
In this section, we address the following case
· Case 2 (PSFCH TX to multiple UEs): A UE received SCI from different UEs and the associated PSFCHs appear in the same slot.
For such a case, based on proposal 1, there is no collision on the PSFCH. In particular, for the same subchannel in different slots, the PSFCH resources are different with proposal 1, thereby avoiding collisions. It can however happen that the two PSFCHs that need to be transmitted occupy non-adjacent resources, as shown in Figure 4. In such a case, there might be high IBE on the PSFCH on the resources in between the two transmitted PSFCHs.
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Figure 4. High IBE with transmission of two PSFCHs
There are two possible options:
· Option 1: the UE transmits the two non-adjacent PSFCHs
· Option 2: the UE prioritizes one PSFCH transmission (e.g., based on priority, number of consumed HARQ transmissions) over the other
In our view, option 1 is better from the UE’s perspective since it ensures that both packets are acknowledged. The downside is at the system level since HARQ feedback from other UEs could be corrupted by the IBE. The consequences, however, do not appear to be that serious most of the time:
· The IBE might not affect the UEs having to receive the PSFCH in between the two PSFCHs: if the UE is the potentially high IBE zone is relatively far from the UE transmitting the two PSFCHs, the IBE will be drowned by noise and/or useful signal
· There is already significant IBE on the PSFCH regardless of whether this configuration happens, since a lot of UEs are simultaneously transmitting. Note that the system can limit the overall IBE effect by configuring more PSFCH resources (e.g., every slot), at the expense of reduced spectral efficiency
· UEs not receiving the PSFCH due to high IBE will assume an automatic NAK and will retransmit the packet. This might be a problem for very low latency packets that can only tolerate a very limited number of transmissions. However, for such packets, it might be better to use the blind HARQ mechanism supported on the sidelink, where each packet is automatically transmitted multiple times, and where these additional retransmissions are scheduled in advance: this scheme trades spectral efficiency for latency, since unnecessary retransmissions may occur. However, since there is no need for the UEs to send/receive feedback, the latency is shorter than for transmissions with HARQ feedback.
Based on this analysis, we propose to support option 1.
Proposal 4: a UE can simultaneously transmit two PSFCHs that are non-adjacent in frequency

Multiple PSFCH transmitted to a single UE
This section addresses case 3.
· Case 3 (PSFCH TX with multiple HARQ feedback to the same UE): A UE received multiple SCI from the same UE and the associated PSFCHs appear in the same slot.
Case 3 is similar to case 2, and the solution in proposal 4 can be used as is. Note however that both the transmitting and receiving UEs are aware of all the HARQ feedback that needs to be transmitted, and where the individual PSFCHs would be located. Thus, a third option is possible:
· Option 3: the UE bundles the HARQ feedback and sends only one PSFCH
In our view, option 3 is doable at low cost since both the transmitter and the receiving UEs know the payload. In order to avoid any blind decoding, the bundled PSFCH can be transmitted e.g., at the lowest frequency location index. Note however that if the UE misses one SCI, option 3 will lead to a PSFCH location and PSFCH payload different than what the UE expecting the feedback would anticipated. This can be remedied by having the receiving UE performing hypothesis testing on the PSFCH. Given that the PSFCH is transmitted relatively often, the number of hypotheses to test is relatively small
Proposal 5: when a UE transmits HARQ feedback of multiple packets, it can bundle the HARQ feedback and send it at the location of the individual PSFCH that would occupy the resource frequencies with the lowest index

Conclusion
This contribution discussed the sidelink procedures. We propose the following:
Proposal 1: For unicast, the PSFCH resource is dependent on the following parameters:
· The lowest subchannel index of the transmission to be acknowledged
· The slot index of the transmission to be acknowledged
Proposal 2:
· When a UE has received a transmission that requires sending a HARQ feedback on the PSFCH, it cannot schedule a sidelink transmission that would require monitoring the PSFCH symbols where it sends HARQ feedback
· FFS if and how packet priority is taken into account
Proposal 3: when there is a TX/RX conflict that cannot be avoided by Proposal 2, the following parameters are taken into account to decide whether to listen to, or transmit the PSFCH:
· Priority of TX and RX packets
· Number of HARQ transmissions already used for the TX and RX packets.
Proposal 4: a UE can simultaneously transmit two PSFCHs that are non-adjacent in frequency
Proposal 5: when a UE transmits HARQ feedback of multiple packets, it can bundle the HARQ feedback and send it at the location of the individual PSFCH that would occupy the resource frequencies with the lowest index
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