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Introduction
This contribution proposes to conclude the following topics for sidelink resource allocation in mode 2 for NR V2X. 
- "Should" or "shall"?
- Re-evaluation Aspects
- Pre-emption Aspects
- Periodic Reservation Aspects
- Reserved but Unused Resources
- Remaining Step 1 details
- Remaining Step 2 details
- Mixed blind and feedback-based HARQ (re)transmissions

Discussion
"Should" or "shall"?
In the conference call in RAN1#100bis, whether the mode 2 UE behaviour is described as "shall" or "should" was discussed. TS.21.801 Annex E describes "Verbal forms for the expression of provisions". Section 6.6.1 says followings. Therefore, the level of the requirement shall be clearly described.
A 3GPP TS does not in itself impose any obligation upon anyone to follow it. However, such an obligation may be imposed, for example, by legislation or by a contract. In order to be able to claim compliance with a 3GPP TS, the user needs to be able to identify the requirements that are obligatory. The user also needs to be able to distinguish these requirements from other provisions where there is a certain freedom of choice.
Clear rules for the use of verbal forms (including modal auxiliaries) are therefore essential. Annex E gives, in the first column of each table, the verbal form that shall be used to express each kind of provision. The equivalent expressions given in the second column shall be used only in exceptional cases when the form given in the first column cannot be used for linguistic reasons.
Regarding mode 2 behaviour in general, the argument for "shall" is, if the resource usage is not reasonable, the excessive resource usage can break the system efficiency. Although we agree the excessive resource usage is problem in the system level. the situation is no difference from the selection of MCS by UE. In non-full buffer model situation, if UE choses the lower than necessary MCS, the situation is excessive resource usage. There is no any guidance, or no mandatory behaviour is specified but just up to UE. The specification assumes the reasonable UE already in order to avoid excessive resource usage. Just mandating mode 2 certain behaviour by "shall" does not resolve the system level excessive resource usage issue. Some test based on holistic view would be necessary to prevent such UE behaviour. As what is desired implementation direction can be specified by "should" description, when all exceptional cases are not able to conclude, or when keeping UE implementation flexibility but recommended behaviour from system level needs to be specified, "should" be used for case by case. 
As an example, transmission behaviour on how different logical channels are multiplexed in Uu also influences the system resource utilization. On the other hand, to specify all the details are so complicated specification. Therefore, MAC specification has been to utilize "should" usage on how logical channels are multiplexed. (See section 5.4.3.1.3 of TS38.321). Therefore, the transmission exact behaviour impacting system performance is described as "should" is not special.
[bookmark: _Toc40256359]Proposal 1: To use "should" or "shall" is case by case discussion. In following case, to use "should" should be considered.
- When all exceptional cases are not able to conclude in RAN1 but the recommended behaviour needs to be described.
- In spite of up to UE implementation on the detail, certain way of the implementation is recommended.


Re-evaluation Aspects 
The following was agreed in RAN1#100bis e-meeting:
	Agreements:
· It is up to UE implementation to reselect any pre-selected but not reserved resource which is still in the identified resource set after Step 1 in order to ensure the timing restrictions during reselection triggered by re-evaluation and/or pre-emption
· The timing restrictions at least include the HARQ RTT related minimum gap Z agreed in RAN1#100e
· [bookmark: _Hlk40103487]FFS how to handle the case that there is no resources satisfying the timing restrictions in the identified resource set after Step 1


On the FFS point of “how to handle the case that there are no resources satisfying the timing restrictions in the identified resource set after Step 1”, our view is no special handling needs to be specified because the timing restriction is the limitation caused by UE implementation and there is no other solution. The UE could just treat the transmission as failed. 
[bookmark: _Toc40172778][bookmark: _Toc40256360]Proposal 2: If there is no resource satisfying the timing restrictions in the identified resource set after Step 1, a UE treats a transmission as failed.

On how often step 1 check, the following is described in FL’s latest email:
	· P2/C2 discussion has not reached consensus
· Potential compromise to define a UE capability for every slot re-evaluation did not gain much support
· Given that the procedure is already defined and the related FFS was to further check potential issues, this discussion can either be postponed or not pursued further
· Some companies think RAN2 and RAN1 specification alignment needs to be checked before conclusion
Alt. 1 (LGE, NTT DOCOMO, OPPO, Panasonic, vivo, Ericsson, Apple, Lenovo/MotM, Samsung, ZTE/Sanechips)
Conclusion
1. Do not mandate a UE perform Step 1 check for re-evaluation every slot
Alt. 2 (Huawei/HiSilicon (2nd preference), Intel (2nd preference), Qualcomm)
Proposal
1. Define an optional UE feature of every slot re-evaluation for Mode-2, with details discussed in UE features framework
Conclusion
1. Do not mandate a UE perform Step 1 check for re-evaluation every slot
Alt. 3 (Huawei/HiSilicon, Qualcomm, Bosch, Intel, Futurewei, CATT)
Proposal
1. A UE is mandated to perform Step 1 check for re-evaluation every slot
Alt. 4 (Huawei/HiSilicon)
Proposal
1. FFS whether to mandate a UE to perform checking for pre-emption every slot if pre-emption is enabled
4. If checking for pre-emption every slot is mandated when pre-emption is enabled, the UE shall also check for re-evaluation every slot


We agree with the merit of step 1 check for re-evaluation every slot when the resource utilization is high. On the other hand, when the resource utilization is low, it would not be so much difference between every slot and infrequent checking. It is not required to mandate this feature but would be good to have some suggestion. A recommendation would be sufficient that UE is to perform Step 1 check for re-evaluation every slot when resource utilization is high. The criteria of high to decide whether the resource utilization is high should be also up to UE implementation (CBR, CR, etc.).
[bookmark: _Toc40172779][bookmark: _Toc40256361]Proposal 3: A UE is recommended to perform Step 1 check for re-evaluation every slot when resource utilization is high. Note that how high resource utilization is up to UE implementation.


Pre-emption Aspects
The following was agreed in RAN1#100bis e-meeting:
	Agreements:
· Once pre-emption re-selection condition is met at the UE, re-selection is performed for all resources which satisfy the pre-emption re-selection condition 
· A UE ensures the HARQ RTT related minimum time gap Z agreed in RAN1#100-e, between re-selected and non-preempted resources during the re-selection triggered by pre-emption
· FFS cases when timing restriction could not be met
· FFS whether/how to extend it to periodic reservations


For the 1st FFS point, when timing restriction could not be met, just failure would be the outcome because the timing restriction is the limitation caused by UE implementation and there is no other solution. For the 2nd FFS point, we think there should be no distinction between the aperiodic and periodic reservations in terms of pre-emption re-selection. The re-selected resources should also apply to periodically reserved resources as the resource reservation period needs to be signalled in SCI. 

[bookmark: _Toc40172780][bookmark: _Toc40256362]Proposal 4: A UE should treat the transmission as failure when timing restriction could not be met after pre-emption.
[bookmark: _Toc40172781][bookmark: _Toc40256363]Proposal 5: There is no distinction between the aperiodic and periodic reservations when pre-emption re-selection condition is met at the UE.

The following was agreed in RAN1#98bis:
	Agreements:
· Support a resource pre-emption mechanism for Mode-2
· A UE triggers reselection of already signaled resource(s) as a resource reservation in case of overlap with resource(s) of a higher priority reservation from a different UE and, SL-RSRP measurement associated with the resource reserved by that different UE is larger than an associated SL-RSRP threshold
· Only the overlapped resource(s) is/are reselected
· FFS
· the timeline for reselection
· other details
· FFS whether or not to support other potential UE behaviour (e.g, power boosting/reduction)
· This mechanism can be enabled or disabled, per resource pool
· FFS details


For the 2nd FFS, our view is no additional UE specification behavior would be needed like power boosting/reduction as power boosting influences the interference level and power reduction influences the reliability of the transmission. The congestion handling would be triggered by CBR or CR as the specification or up to UE implementation. 
[bookmark: _Toc40172782][bookmark: _Toc40256364]Proposal 6: Power boosting/reduction related to pre-emption is not required to be specified.


[bookmark: _Hlk37170261]Periodic Reservation Aspects
The following are from FL’s latest email.
	Proposal 1a (1bit)
· When periodic reservations are enabled in a resource pool, and when a (pre-)configuration indicates that “resource index” signaling is enabled in a resource pool, a separate field of 1 bit in the first stage SCI indicates a “resource index” for the purpose of backward indication 
· If resource index = 0, then 
· For Nmax = 2 or 3: t0’ = 0, t1’ = t1
· For Nmax = 3: t2’ = t2
· If resource index = 1, then 
· For Nmax = 2 or 3: t0’ = -t1 , t1’ = 0
· For Nmax = 3: t2’ = t2 - t1
· where t0, t1, t2 are logical slot offsets with respect to the slot where SCI 0-1 received, obtained from “Time resource assignment”, and t0’, t1’, t2’ are actual logical slot offsets with respect to the slot where SCI 0-1 received
Proposal 1b (full)
· When periodic reservations are enabled in a resource pool, and when a (pre-)configuration indicates that “resource index” signaling is enabled in a resource pool, a separate field of ceil(log2(Nmax)) bit in the first stage SCI indicates a “resource index” for the purpose of backward indication 
· If resource index = 0, then 
· For Nmax = 2 or 3: t0’ = 0, t1’ = t1
· For Nmax = 3: t2’ = t2
· If resource index = 1, then 
· For Nmax = 2 or 3: t0’ = -t1 , t1’ = 0
· For Nmax = 3: t2’ = t2 - t1
· If resource index = 2, then
· t0’ = -t2, t1’ = t1 - t2, t2’ = 0
· where t0, t1, t2 are logical slot offsets with respect to the slot where SCI 0-1 received, obtained from “Time resource assignment”, and t0’, t1’, t2’ are actual logical slot offsets with respect to the slot where SCI 0-1 received
 Proposal 2
· For exclusion of slots in the selection window which correspond to slots not monitored in the sensing window, a UE applies a separately (pre-)configured sub-set (including empty and full set possibilities) of periodicities and applies the period used for transmission, if any


If P1a or P1b is agreed, reservation up to logical 32 slots in forward direction is not possible. Therefore, if resource selection behaviour is described by "shall", it is necessary to reflect the limitation on the maximum number of logical slots and how UE should select forward/backward direction needs to be specified. On the other hand, if description is "should", we think backward indication should be used when UE think reverse indication is useful. We think 1 bit is good compromise between the flexibility of the indication and SCI overhead.  For P2, we are ok. 
[bookmark: _Toc40172783][bookmark: _Toc40256365]Proposal 7: One bit in the first stage SCI indicates "resource index". When to indicate backward indication is up to UE implementation and the exception handling related to step 2 procedure is handled as up to UE implementation.


Reserved but Unused Resources
For unicast/groupcast, based on PSFCH, Tx UE of PSSCH is able to know whether further retransmission is required or not. When PSSCH#2 is reserved by SCI#1 as the resource for the retransmission of PSSCH#1 as in Fig.1 below, the PSCCH#2 is unnecessary when PSSCH#1 is received successfully by receiver UE(s). 
[image: ]
Figure 1: Resource reservation for a HARQ retransmission
RAN1 has agreed that, “at least from the transmitter perspective of this TB, usage of HARQ feedback for release of unused resource(s) is supported”, and “no additional signaling is defined for the purpose of release of unused resources by the transmitting UE”. Here HARQ feedback means PSFCH.
When Tx UE (UE#1) of resource#1 would like to use resource#2, by receiving PSFCH, the Tx UE of resource#1 can use the resource#2 for a new TB transmission. As described in the previous section, retransmission or new TB is indicated in SCI#2. Therefore, resource#2 can be received by the other UEs.
Rx UE(s) of resource#1 can know the resource#2 is released when the PSSCH#1 is successfully decoded and Tx UE of resource#1 indicates any new TB by BSR embedded in PSSCH in resource#1. Or when the PSSCH#1 is successfully decoded and the previously indicated BSR is smaller than the total sum of assigned TBs, Rx UE(s) of resource#1 can know the resource#2 is released.
As neighbor UEs not Tx UE of resource #1 nor Rx UE of resource #1 do not receive/transmit PSFCH, these UEs does not know whether the resource#2 is released or not because neighbor UEs don't know Rx UE's UE ID for the determination of PSFCH resource for group cast HARQ feedback type 2.  Therefore, resource#2 is released or not is only known by Tx UE of the resource#1 or Rx UE(s) of resource#1. For such UEs, to prioritize such released resource can be useful as these released resources has less chance of the collisions among Tx UEs as just neighbor UEs think these resources are still reserved.
In order to prioritize the released resource for a UE’s subsequent transmission of a new TB, this resource should be among the identified candidate resources within the resource selection window in Step 1 of the resource (re-)selection procedure of this new TB. This is to ensure the released resource meets the QoS requirement for this UE’s subsequent transmission. Since the Step 1 is performed in physical layer, the UE should be able to tell whether a reserved resource has been released by monitoring the PSFCH of and/or decoding the TB in resource#1 in its physical layer procedure. The released resource should only be included in the identified candidate resource if it meets the QoS requirement and the release status is aware by the UE. 
In order to utilize the benefit that less chance of collision on the released resource, the UE should be able to distinguish the released resource from the identified candidate resources in the Step 2 of the resource (re-)selection procedure. As a result, the UE can preferably select the release resource if it’s available. Moreover, since the subsequent transmission may not have the same size as the previous transmission, the released resource can be partially used, solely used, or used conjugately with other contiguous resources.
Observation: Tx UE of the original resource in unicast/groupcast can know the future reserved resource can be released by PSFCH. Rx UE(s) of the original resource in unicast/groupcast can know the future reserved resource can be released by BSR and PSFCH.
[bookmark: _Toc40172784][bookmark: _Toc40256366]Proposal 8: The released resource should be preferably selected during the Step 2 of the resource (re-)selection procedure, if the released resource is not excluded from the identified candidate resources in Step 1. The released resource can be partially used, solely used, or used conjugately with other contiguous resources.


[bookmark: _Toc40172785][bookmark: _Toc40256367]Proposal 9: The reservation right for “reserved but unused resource” can be one of the following operations or configurable. 
· Operation 1: The reservation right for “reserved but unused resource” will be lost if the previous transmission is successfully received.  UEs who aware of the “reserved but unused resource” will not exclude the resource as reserved resource during the sensing or (re-)evaluation procedure
· Operation 2: The reservation right for “reserved but unused resource” is exclusive to the Tx UE. The resource will be used by the Tx UE if it has more data to transmit as a new TB, and the resource will be unused if the Tx UE has no more data.
· Operation 3: The reservation right for “reserved but unused resource” is prioritized to the Tx UE. The resource will be used by the Tx UE if it has more data to transmit as a new TB, and the resource can be used by Rx UE(s) if the Tx UE has no more data.


Remaining Step 1 details
The following was agreed in the RAN1#98b meeting.
	Agreements:
· In Step 1, when the ratio of identified candidate resources to the total number of resources in a resource selection window, is less than X%, all configured thresholds are increased by Y dB and the resource identification procedure is repeated
· FFS value(s)/configurability of X 
· At least one value of X=20
· Y=3
· FFS other conditions to stop RSRP threshold increment, if any



In LTE, the setting formula of SL-RSRP threshold during sensing procedure is common for transmissions with different priorities, and the SL-RSRP threshold are increased until to reach 20% of the candidate resource without any limitation of the number of increments of SL-RSRP threshold. 
SL-RSRP threshold determines how spatially closed resource are reused between different transmissions. If SL-RSRP threshold is too high to reach X% resource size, it may not have reliable transmission because two transmissions can interfere each other. Therefore, in order to have reliable transmission, the maximum allowed SL-RSRP threshold even if not reaching X%, should be (pre)configured. Based on the pre-emption, the higher priority transmission can use the resource reserved by lower priority SCI. The maximum allowed SL-RSRP threshold should be configured per each priority level.
Using maximum SL-RSRP threshold per priority, we propose following design.
- when priority ‘A’ transmission is intended, trying to obtain the resource indicated by priority ‘A’ or lower priority SCI as much as possible until reaching X% or reaching the maximum allowed SL-RSRP threshold.
By using above design, high priority transmission is more protected than low priority transmission while the keeping the reliability of maximum SL-RSRP threshold. 
Maximum SL-RSRP threshold is equivalent to how many times SL-RSRP threshold can be increased. Therefore, above design can be written in the following.
- when priority ‘A’ transmission is intended, trying to obtain the resource indicated by priority ‘A’ or lower priority SCI as much as possible until reaching X% or reaching the maximum allowed number of SL-RSRP threshold increments for priority ‘A’ SCI
The maximum allowed number of SL-RSRP threshold increments for priority ‘A’ SCI " needs to be (pre)configured.
[bookmark: _Toc40172786][bookmark: _Toc40256368]Proposal 10: The step 1 of the resource (re-)selection procedure is either of following principles.
- when priority ‘A’ transmission is intended, trying to obtain the resource indicated by priority ‘A’ or lower priority SCI as much as possible until reaching X% or reaching the maximum allowed SL-RSRP threshold.
- when priority ‘A’ transmission is intended, trying to obtain the resource indicated by priority ‘A’ or lower priority SCI as much as possible until reaching X% or reaching the maximum allowed number of SL-RSRP threshold increments for priority ‘A’ SCI.

For a UE performing re-evaluation and re-selection of resources for transmission, the new selection window will very likely have less candidate resources comparing with the previous selection window of [n+T1, n+T2]. Put it more generally, when PDB limitation is close to the current timing, there might not be enough resource corresponding to X%.  To use the X% limitation even in case PDB limitation is close to the current timing can increase SL-RSRP threshold unnecessary. To select the random selection within X% can be unreasonable in such condition. Some correction would be required.  
We are in the opinion that a larger X% should be adopted to identify candidates resource comparing with the non-PDB limited case. The procedures for step 1 and step 2 would be same as already made agreements. The X% could be (pre-)configured or specified in the standards for PDB-limited and non-PDB-limited cases. The X% could also be scaled by a ratio where the ratio is applied to the default X% of non-PDB limited cases. 
[bookmark: _Toc40172787][bookmark: _Toc40256369]Proposal 11: For the PDB limited case, a larger X% should be adopted to identify candidates resource comparing with the non-PDB limited case. The X% for PDB-limited case could be (pre-)configured/specified or scaled by a ratio


Remaining Step 2 details
The following was agreed in RAN1#100bis e-meeting.
	Agreements:
· In Step 2, a UE should/shall select resources so that HARQ retransmission resources can be reserved by a prior SCI, except that
· In case no resource can be found for reservation (e.g., based on the identified candidate set after Step 1) for a retransmission of a TB, the re-transmission can be transmitted on a resource that is not reserved
· After the resource selection is performed, HARQ retransmission on a resource not reserved by a prior SCI is allowed due to transmission dropping caused by prioritization, pre-emption and congestion control
· To discuss and conclude “should vs. shall” in RAN1#101


In the 2nd sub-bullet, it is not very clear what is the scope of “prioritization”. We would like to clarify the prioritization would include at least "inter-frequency measurement gap", "LTE/NR Uu transmission/reception prioritization", "LTE V2X prioritization".
[bookmark: _Toc40172788][bookmark: _Toc40256370]Proposal 12: The dropping caused by prioritization includes inter-frequency measurement gap, LTE/NR Uu transmission/reception prioritization, and LTE V2X prioritization.

The following working assumption was made in RAN1#100bis e-meeting.
	Working assumption:
· The UE should/shall indicate first in time min(Nselected, N) first-in-time resources when setting the values of frequency resource assignment and time resource assignment in SCI format 0_1, where
· Nselected is the number of resources selected by MAC within 32 slots (including the current one)
· N is the maximum number of resources that can be signalled in one SCI
· To discuss and conclude “should vs. shall” in RAN1#101


This working assumption is "per resource selection", in our opinion, it should be concluded that the target UEs are independent from the Tx UE.
[bookmark: _Toc40172789][bookmark: _Toc40256371]Proposal 13: The resource selection and indication are independent for different Tx-Rx links



Mixed blind and feedback-based HARQ (re)transmissions
Followings were agreed in the RAN1#98b meeting:
	Agreements:
· Maximum number of HARQ (re-)transmissions is (pre-)configured per priority per CBR range per transmission resource pool	
· The priority is the one signaled in SCI
· This includes both blind and feedback-based HARQ (re)-transmission
· The value range is any value from 1 to 32
· If the HARQ (re)transmissions for a TB can have a mixed blind and feedback-based approached (FFS whether or not to support this case), the counter applies to the combined total

Agreements (in PHY procedure AI)
· 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.


The remaining FFS in the first agreement is whether to support a mixed blind and feedback-based retransmission approach. According to above described second agreements, an indication in SCI is used for the request of HARQ feedback. In addition, the need of HARQ feedback depends on the situation, e.g. channel condition, priority of the TB, resource allocation of the TB and so on. When it is used is up to UE implementation similar to MCS selection Based on above, a mixed approach of blind and feedback-based retransmission is feasible as the need of PSFCH is explicitly indicated in each PSCCH. Therefore, we propose to conclude the FFS as to support mixed blind and feedback-based approach.
[bookmark: _Toc40172791][bookmark: _Toc40256372]Proposal 14: A mixed blind and feedback-based approach is supported. When it is used is up to UE implementation. PSCCH in each PSSCH transmission indicates the request of the feedback.


Conclusion 
In this contribution we discussed on resource allocation mechanism for mode 2. Based on the discussions, followings observation and proposals are made: 
Proposal 1: To use "should" or "shall" is case by case discussion. In following case, to use "should" should be considered.
- When all exceptional cases are not able to conclude in RAN1 but the recommended behaviour needs to be described.
- In spite of up to UE implementation on the detail, certain way of the implementation is recommended.
Proposal 2: If there is no resource satisfying the timing restrictions in the identified resource set after Step 1, a UE treats a transmission as failed.
Proposal 3: A UE is recommended to perform Step 1 check for re-evaluation every slot when resource utilization is high. Note that how high resource utilization is up to UE implementation.
Proposal 4: A UE should treat the transmission as failure when timing restriction could not be met after pre-emption.
Proposal 5: There is no distinction between the aperiodic and periodic reservations when pre-emption re-selection condition is met at the UE.
Proposal 6: Power boosting/reduction related to pre-emption is not required to be specified.
Proposal 7: One bit in the first stage SCI indicate "resource index". When to indicate backward indication is up to UE implementation and the exception handling related to step 2 procedure is handled as up to UE implementation.
Observation: Tx UE of the original resource in unicast/groupcast can know the future reserved resource can be released by PSFCH. Rx UE(s) of the original resource in unicast/groupcast can know the future reserved resource can be released by BSR and PSFCH.
Proposal 8: The released resource should be preferably selected during the Step 2 of the resource (re-)selection procedure, if the released resource is not excluded from the identified candidate resources in Step 1. The released resource can be partially used, solely used, or used conjugately with other contiguous resources.
Proposal 9: The reservation right for “reserved but unused resource” can be one of the following operations or configurable.
· Operation 1: The reservation right for “reserved but unused resource” will be lost if the previous transmission is successfully received.  UEs who aware of the “reserved but unused resource” will not exclude the resource as reserved resource during the sensing or (re-)evaluation procedure
· Operation 2: The reservation right for “reserved but unused resource” is exclusive to the Tx UE. The resource will be used by the Tx UE if it has more data to transmit as a new TB, and the resource will be unused if the Tx UE has no more data.
· Operation 3: The reservation right for “reserved but unused resource” is prioritized to the Tx UE. The resource will be used by the Tx UE if it has more data to transmit as a new TB, and the resource can be used by Rx UE(s) if the Tx UE has no more data.
Proposal 10: The step 1 of the resource (re-)selection procedure is either of following principles.
- when priority ‘A’ transmission is intended, trying to obtain the resource indicated by priority ‘A’ or lower priority SCI as much as possible until reaching X% or reaching the maximum allowed SL-RSRP threshold.
- when priority ‘A’ transmission is intended, trying to obtain the resource indicated by priority ‘A’ or lower priority SCI as much as possible until reaching X% or reaching the maximum allowed number of SL-RSRP threshold increments for priority ‘A’ SCI.
Proposal 11: For the PDB limited case, a larger X% should be adopted to identify candidates resource comparing with the non-PDB limited case. The X% for PDB-limited case could be (pre-)configured/specified or scaled by a ratio
Proposal 12: The dropping caused by prioritization includes inter-frequency measurement gap, LTE/NR Uu transmission/reception prioritization, and LTE V2X prioritization.
Proposal 13: The resource selection and indication are independent for different Tx-Rx links
Proposal 14: A mixed blind and feedback-based approach is supported. When it is used is up to UE implementation. PSCCH in each PSSCH transmission indicates the request of the feedback.
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