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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
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, with significant progress up to that stage. At RAN1#98b, another round of significant decisions was reached, among them: 
· 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
· For PSSCH-to-HARQ feedback timing, K is the number of logical slots (i.e. the slots within the resource pool)
· [bookmark: _GoBack] (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.
· For the communication range requirement for TX-RX distance-based HARQ feedback, explicit indication in the 2nd stage SCI is used.
· FFS details
· 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.

During email discussions, additional agreements were reached:
· For implicit mechanism for PSFCH resource determination,
· Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with same starting sub-channel in different slots

· 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

· 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.

1. For groupcast HARQ feedback, SCI explicitly indicates either Option 1 or Option 2 is to be used.

1. Working assumption: 
1.  A single value of K is (pre-)configured in a resource pool. 
1. K=3 is supported in addition to K=2.

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.
[image: ]
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. For further randomization, the PSFCH location can also be dependent on the receiving UE ID.
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
· The receiving UE ID
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.
In addition, at RAN1#97, a value K was introduced:
· 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
Details of K were discussed at RAN1#98 and in a subsequent email discussion, it was agreed to support K=2, with FFS for other values.
In our view, one of the design goals for NR V2X is to be able to support extremely low latencies. In that sense, it is important to be able to send HARQ feedback for a packet as early as possible, thus it is necessary to support K=1, similarly to what is done for eMBB. We acknowledge that not all services require such a low latency, thus RAN1 should discuss if supporting K=1 should be up to the UE capability. 
Another aspect that requires discussion on K is whether there can be more than one K values per resource pool. In our view, having one K value per resource pool simplifies the design: the PSFCH resource is implicitly determined based on occupied resources by the packet being transmitted. If all UEs use the same K value, this ensures that the mapping of PSFCH resources in a resource pool is the same for all UEs.
Finally, two options are on the table for the determination of K: logical mapping (option 1), or physical mapping (option 2). A physical layer mapping can at times be more efficient, since it may allow an earlier allocation of PSFCH resources. However, we note that in order to support the low latency cases, it is necessary to have adjacent time resources, where logical and physical mapping are identical. For use cases where higher latency can be tolerated, efficiency is not so important, and a logical mapping is simpler since everything is indexed on the resource pool. We thus support option 1: logical mapping.
Proposal 2:
· K=1 is supported
· Only one K value per resource pool is supported
· K is the number of logical slots

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.
[image: ]
Figure 2. PSFCH resource conflict with reception first
At RAN1#98, it was agreed to use priority to resolve any conflict, with an FFS on the use of other conditions. In our views, other conditions also need to be included. For instance, 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. 
Proposal 3:
· Conditions other than priority rules are used to solve the PSFCH TX/RX overlap issue
· 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 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.
It was agreed at RAN1#98 to consider priority to resolve this conflict, but other rules can also be useful:
· The UE can prioritize e.g., transmitting the HARQ feedback and schedule an automatic retransmission of its packet
· The UE can decide to send or receive the HARQ feedback for the packet that has the least number of possible retransmissions left
Using priority only is too limiting: 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 it\s last HARQ transmission. 
Proposal 4: 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.
[image: ]
Figure 4. High IBE with transmission of two PSFCHs
[bookmark: _Hlk23509091]RAN1 sent an LS to RAN4 to inquire about multiple simultaneous PSFCH transmissions and received a response in R4-1913061. In this LS, it is stated that “For contiguous & discontiguous transmissions N>1 could be supported and MPR, AMPR, IBE are some of the RF requirements which need to be studied in RAN4.” RAN4 also observed that “for discontiguous transmissions of PSFCH, the IBE on non-allocation RBs transmission MPR/A-MPR could be higher compared to that of contiguous allocation of PSFCH.” Concretely speaking, this means that since Reno is the last meeting for RAN1 on Rel-16 V2X, study results from RAN4 will not be available in time for RAN1 to conclude the work. Thus, RAN1 cannot assume that two non-contiguous PSFCHs can be simultaneously transmitted by the same UE.
Observation 1: RAN1 cannot assume that two non-contiguous PSFCHs can be simultaneously transmitted by the same UE.
Based on that, RAN1 needs to make a decision on how to address the case where a UE has to send simultaneous PSFCHs. At least two options are possible:
Option 1: only one PSFCH is transmitted, based on e.g., the priority of the packets being acknowledged
Option2: only one PSFCH is transmitted, with the PSFCH containing the HARQ feedbacks all packets
Option 1 is a little bit simpler, and require less standardization work, although the criteria to define which PSFCH to transmit still requires some work. However, it can significantly reduce spectral efficiency when a UE has to acknowledge packets for two different UEs. Thus, option 1 should be avoided, if possible.
On the other hand, option 2 does not suffer from any loss in spectral efficiency. ACK/NAK multiplexing was standardized for LTE and NR cellular links. This work can be reused to a large extent for the sidelink. For instance, a format analog to PUCCH format 2 can be used. Thus, standardization option 2 can be standardized easily, and should be supported. Note that where to locate the PSFCH also needs to be determined. However, this can be easily addressed by e.g., determining the PSFCH location on UE IDs.
Proposal 5: 
· HARQ feedback multiplexing from multiple UEs is supported
· A format analog to PUCCH mode 2 is supported
· PSFCH location is determined based on L1 UE IDs

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 anticipate. 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 6: 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 observed the following:
Observation 1: RAN1 cannot assume that two non-contiguous PSFCHs can be simultaneously transmitted by the same UE.
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
· The receiving UE ID
Proposal 2:
· K=1 is supported
· Only one K value per resource pool is supported
· K is the number of logical slots
Proposal 3:
· Conditions other than priority rules are used to solve the PSFCH TX/RX overlap issue
· 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 how packet priority is taken into account
Proposal 4: 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 5: 
· HARQ feedback multiplexing from multiple UEs is supported
· A format analog to PUCCH mode 2 is supported
· PSFCH location is determined based on L1 UE IDs
Proposal 6: 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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