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Introduction
[bookmark: _GoBack]In the previous RAN1 meetings, some agreements have been achieved on mode 2 resource allocation for NR V2X. In this contribution, we give our views on several remaining details related to mode 2, i.e. details of step 2 (Resource selection from the identified candidate resources), the number of resources indicated in each selected resource’s corresponding 1st SCI, the UE behavior on the resource re-selection procedure triggered by re-evaluation and pre-emption, and the UE behavior on the released un-used resource, etc.
[bookmark: _Ref228947482]Discussion
Details of step 2 
According to [1] and [2], in LTE V2X, the maximum number of HARQ (re-)transmissions is 2, and only if there are available resources left in the identified candidate resources set which meet the conditions below, the retransmission can be performed; otherwise, it should be dropped. 
TS 36.213, 14.1.1.7









When a set of subframes  for  have been selected for a set of transmission opportunities of PSSCH, a set of subframes  for  another set of transmission opportunities of PSSCH shall meet the conditions  and  where  and  is the maximum number of transmission opportunities of PSSCH in a selected subframe set. Here,  is the resource reservation interval provided by higher layers.


[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In the RAN1#98bis meeting, the following agreements have been achieved w.r.t. the maximum number of HARQ (re-)transmissions for NR V2X.
[bookmark: OLE_LINK51][bookmark: OLE_LINK52]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


In the RAN1#99 meeting, the following agreement has been achieved. It points out that, similar to LTE, the randomized resource selection is still the baseline of step 2 in NR V2X. However, the conditions which should be met may need to be re-defined in some cases, since the number of HARQ (re-)transmissions can be more than 2 in NR V2X.
[bookmark: OLE_LINK15][bookmark: OLE_LINK17]Agreements:
· [bookmark: OLE_LINK75][bookmark: OLE_LINK76]In Step 2, randomized resource selection from the identified candidate resources in the selection window is supported
· FFS if CSI can be used for resources selection


In the RAN1#100 e-meeting, the following agreements have been reached, which have limited the timing of resource selection to ensure the HARQ RTT time gap and freed up the PSFCH processing time.
Agreements:
· In Step 2, a UE ensures a minimum time gap Z = a + b between any two selected resources of a TB where a HARQ feedback for the first of these resources is expected 
· [bookmark: OLE_LINK101][bookmark: OLE_LINK102]‘a’ is a time gap between the end of the last symbol of the PSSCH transmission of the first resource and the start of the first symbol of the corresponding PSFCH reception determined by 
resource pool configuration and higher layer parameters of MinTimeGapPSFCH and 
periodPSFCHresource 
· ‘b’ is a time required for PSFCH reception and processing plus sidelink retransmission preparation including multiplexing of necessary physical channels and any TX-RX/RX-TX switching 
time and is determined by UE implementation


In RAN1#100bis e-meeting, the following agreements have been reached w.r.t. how to ensure retransmissions on “reserved” resources during step 2, some exceptional cases have also been provided where “non-reserved” resources are allowed, and the need of concluding “should vs. shall” in RAN1#101 e-meeting is pointed out.
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

[bookmark: OLE_LINK66][bookmark: OLE_LINK69]In NR V2X, when the determined number of HARQ (re-)transmissions (Mtarget) is not larger than 2, the LTE V2X mechanism in [1] and [2] can be reused for step 2, in which only the range in the conditions needs to be expanded to [-31, 31] slots since the time position of the second resource is within 32 slots of the first resource..
[bookmark: OLE_LINK22][bookmark: OLE_LINK24]Observation 1: In NR V2X, when the determined number of the HARQ (re-)transmissions is not larger than 2, the LTE V2X step 2 mechanism can be reused. 
Proposal 1: In the case where the determined number of the HARQ (re-)transmissions is not larger than 2, the LTE V2X step 2 mechanism should be reused in NR V2X,  and only the limited range in the condition should be expanded to [-31, 31] slots.

[bookmark: OLE_LINK70]Otherwise, when the determined number of the HARQ (re-)transmissions (Mtarget) is larger than 2, the resources for HARQ (re-)transmissions should be randomly selected one by one from the identified candidate resources. 
Proposal 2: In the case where the determined number of HARQ (re-)transmissions is larger than 2, the resources for the HARQ (re-)transmissions should be randomly selected one by one from the identified candidate resources in NR V2X.



In LTE V2X, the condition which needs to be met is  and, which means the second selected resource cannot be in the same sub-frame with the first resource, and the interval b/w them must be within a defined range. Based on this condition, two resources can indicate each other by the corresponding SCIs, so that the reliability can be enhanced even more.
[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK7][bookmark: OLE_LINK35]Similarly, in NR V2X, whether to form a chain during the resource selection procedure is a critical issue, and has been discussed in the previous meetings. In our point of view, since the maximum number of the HARQ (re-)transmissions of a TB is 32, the transmitter UE may send packets by non-reserved resources many times if there is no such a chain. As a result, the probability of the resource collision may obviously increase, especially in the case that most of the other UEs around the transmitter UE are sending non-periodic services, and the PRR performance may also decrease in this case. On this basis analysis, we support a chain should be formed during the step 2 in resource selection procedure, i.e. the retransmission(s) should be ensured to use “reserved” resources as much as possible during step 2, and “non-reserved” resources can be used for retransmission only in the exceptional cases provided by the first two sub-bullets of the last meeting’s agreements. As a result, we prefer to conclude to use “shall” in the agreements. 
Proposal 3:  Step 2 should ensure “reserved” resources are used for retransmission, “non-reserved” resources can be used for retransmission only in the exceptional cases provided by the first two sub-bullets of the last meeting’s agreements.
Proposal 4: “Shall” is preferred to be used in the last meeting’s agreements on step 2 resource selection procedure.

[bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK9][bookmark: OLE_LINK12][bookmark: OLE_LINK27][bookmark: OLE_LINK30]Based on above proposal, the following scheme can be deployed for resource selection: for an nth resource selection with the purpose of selecting resource Rn, all already selected resources {R1, R2 ... Rn-1}, and all the candidate resources which are in the same slot with {R1, R2 ... Rn-1}, should be precluded from the identified candidate resource set. For HARQ-ACK enabled (re)transmission; with regard to the agreements in RAN1 100e, all the candidate resources which are within the minimum time gap ‘Z’ with at least one resource from {R1, R2 ... Rn-1}, can also be precluded from the identified candidate resource set, to ensure HARQ RTT time and PSFCH reception/processing time. Here, when starting the nth resource selection, the remaining set of available resources after the resource exclusion procedure are defined as Sn-1. This set should be iterated when the resource selection procedure proceeds.
[bookmark: OLE_LINK73][bookmark: OLE_LINK74]Proposal 5: When starting the nth resource selection to select resource Rn, all already selected resources {R1, R2 ... Rn-1}, and all the candidate resources which are in the same slot with {R1, R2 ... Rn-1}, should be precluded from the identified candidate resource set. 

Furthermore, based on the last meeting’s agreements and the analysis above, if the two exceptional cases mentioned in the last meeting’s agreements do not occur, the selected resource Rn should meet the new conditions in NR V2X: it should be within [-32, 32] slots of at least one resource from {R1, R2 ... Rn-1}, to form a chain and ensure that each selected resource except for the first one in time can be reserved by at least one SCI corresponding to the previous resources. For the nth resource selection with the purpose of selecting resource Rn, all the candidate resources meeting the above condition are defined as S’n-1.
Proposal 6: If the two exceptional cases mentioned in the last meeting’s agreements do not occur, the selected resource Rn shall be within [-32, 32] slots of at least one resource from {R1, R2 ... Rn-1}.

[bookmark: OLE_LINK14][bookmark: OLE_LINK18]Finally, assuming M resources have been selected, but M is still less than Mtarget, and no available resources within [-32, 32] slots of at least one resource from {R1, R2 ... RM} can be founded in the candidate resource set, the resources which are not within [-32, 32] slots of at least one another already selected resource can be selected for the remaining (Mtarget – M) transmissions. The step 2 of resource selection procedure stops and can be regarded as completed when the number of the already selected resources has reached Mtarget orwhen no more available resources can be found in the candidate resource set. After the resource selection procedure has been completed, we consider the first resource in time domain as the new transmission opportunities and the rest set of transmission opportunities as the retransmission opportunities.
Proposal 7: When no resources within [-32, 32] slots of at least one resource from {R1, R2 ... RM} can be founded in the candidate resource set, the resources which are not within [-32, 32] slots of at least one another already selected resource can be selected for the remaining (Mtarget – M) transmissions.
[bookmark: OLE_LINK19][bookmark: OLE_LINK34]Proposal 8: The step 2 of the resource selection procedure stops and can be regarded as completed when the number of the already selected resources has reached Mtarget or when no more available resources can be found in the candidate resource set.

[bookmark: OLE_LINK6][bookmark: OLE_LINK4]An example for the step 2 procedure described above is shown in the following figures. In the following figures, we have Mtarget=6. In figures 1(a) and 1(b), for the selection of Rn (n= 1, 2,…6), all the candidate resources which are in the same slot with {R1, R2 ... Rn-1} are precluded; in figures 1(c) and 1(d), all the candidate resources who is within the HARQ RTT gap Z of {R1, R2 ... Rn-1} are additionally precluded. In all of the following figures, W=32, then the selected resource Rn should be within [-32, 32] slots of at least one resource from {R1, R2 ... Rn-1}. In figures 1(a) and 1(c), the step 2 of resource selection procedure stops due to the number of already selected resources has reached Mtarget, where Mtarget=6; in figures 1(b) and 1(d), the resources which have been marked as “out of chain” are selected since there are no available resources within [-32, 32] slots of at least one resource from {R1, R2 ... Rn-1}.




Figure 1 Example for the step 2 of resource selection procedure

The number of resources indicated in an SCI
[bookmark: OLE_LINK16]According to the summary of RAN1# 98bis meeting, the following agreements have been achieved w.r.t. the number of maximum resources for a same TB indicated by an SCI (Note: all SCIs mentioned in this section are 1st SCIs).
[bookmark: OLE_LINK36]Agreements:
· When reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is disabled, NMAX is 3 
· [bookmark: OLE_LINK53][bookmark: OLE_LINK54]SCI signaling is designed to allow to indicate 1 or 2 or 3 resources at least of the same number of 
sub-channels with full flexibility in time and frequency position in a window W of a resource pool
· FFS: if full flexibility is limited in some cases
· Value 2 or 3 is (pre-)configured per resource pool
· FFS size of window W

In the RAN1# 99bis meeting, from the following agreement, we know that in an SCI, the number of resources should be less than Nmax, and can be flexibly indicated.
Agreements:
· For mode 1 and mode 2, for the time-frequency resource indication in the SCI: 
· NMAX = 2
· Frequency
·  code-points, indicating starting sub-channel of the 
second resource and number of sub-channels of both resources
·  bit
· Time
· 1 code-point indicates no reserved resource
· 31 code-points indicate different time position of the second resource within 32 slots
· 5 bit
· NMAX = 3
· Frequency
· Option 2-f-a: joint coding
·  code-points indicating starting 
sub-channel of the second resource, starting sub-channel of the third 
resource, and the number of sub-channels of all resources
·  bit
· [bookmark: OLE_LINK45][bookmark: OLE_LINK46]Time
· Option 2-t-a: joint coding
· 1 code-point indicates no reserved resource
· 31 code-points indicate different time position of the second resource 
within 32 slots, when no third resource is reserved
· 30 + 29 +…+ 1 = 465 code-points indicate different time position of 
two resources within 32 slots
· 9 bit

In the RAN1# 100bis e-meeting, a working assumption is made for how to indicate resources in a SCI.
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 signaled in one SCI
· To discuss and conclude “should vs. shall” in RAN1#101

[bookmark: OLE_LINK5][bookmark: OLE_LINK8]Based on the mechanism in section 2.1, after all resources have been selected and sorted in a chronological order, another remaining issue is on how to determine the number of resources indicated in each selected resource’s corresponding SCI. In our point of view, each of selected resource except for the first one in time should be reserved by at least one SCI corresponding to the previous resources. Like LTE, each resource which has been sorted in a chronological order can be defined as a transmission opportunity. Thus, in the case where Nmax=2, for an mth (1≤m≤M-1) transmission opportunity in time, the corresponding SCI of the mth opportunity indicates the resource for itself and the reservation resource of the (m+1)th opportunity, especially, the last (Mth)  opportunity only indicates the resource for itself; in the case where Nmax=3, for an transmission mth (1≤m≤M-2) opportunity in time, if the gap b/w the opportunity m and m+2 is larger than 31 (illustrated in figure 2b), the corresponding SCI of the mth opportunity indicates the resource for itself and the reservation resource of the (m+1)th opportunity; else, the corresponding SCI of the mth opportunity indicates the resource for itself and the reservation resource of the (m+1)th opportunity and (m+2)th opportunity (illustrated in figure 2a). Especially, the last (Mth) opportunity only indicates the resource for itself, the (M-1)th opportunity indicates the resources for itself and the Mth opportunity. 


Figure 2 Illustration of Nmax=3, W=32, the number of resources indicated in the corresponding SCI of the mth opportunity 

[bookmark: OLE_LINK25][bookmark: OLE_LINK26]On the basis of above mechanism, we propose to confirm the working assumption on resource indication in a SCI which is made in RAN1# 100bis e-meeting and we also prefer to conclude to use “shall” here.
Proposal 9: The working assumption on resource indication in a SCI which is made in RAN1# 100bis e-meeting should be confirmed and “shall” is preferred to be used.

Resource re-selection triggered by re-evaluation and pre-emption
In the last meeting, the following agreements have been achieved on re-evaluation and pre-emption, and some remaining open issues on how to ensure timing restriction during the re-selection procedure are treated as FFS.
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
· FFS how to handle the case that there is no resources satisfying the timing restrictions in the 
identified resource set after Step 1

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


Until now, the resource re-selection should be triggered by re-evaluation/pre-emption is agreed but some details of the resource re-selection procedure triggered by these two operations need to be clarified.
[bookmark: OLE_LINK119][bookmark: OLE_LINK114][bookmark: OLE_LINK115]The re-evaluation in NR V2X means, when a pre-selected resource contained in a slot ‘k’ to be first time signaled in a slot ‘m’, where k ≥ m, is not in the identified candidate resource set, the resource re-selection procedure should be triggered and the re-evaluated resource which is not in the identified candidate resource set needs to be re-selected. Moreover, the resource which is in the same slot and indicated by the corresponding PSCCH in slot ‘m’ should be regarded as the 1st selected resource for the re-selection procedure, since it has been reserved and signaled by a previous SCI. On this basis analysis, the remaining steps and timing restrictions (may include HARQ RTT related minimum time gap Z and the potential agreed chain reservation restriction) of the resource re-selection are same to the initial resource selection described in the previous section. According to the agreements in last meeting, whether other pre-selected but not reserved resources which are still in the candidate resource set is changed depends on UE implementation.
Proposal 10: For resource re-selection of a pre-selected resource contained in a slot ‘k’ to be first time signaled in a slot ‘m’ triggered by re-evaluation, 
· The resource which is in the same slot and indicated by the corresponding PSCCH in slot ‘m’ should be regarded as the 1st selected resource;
· The remaining steps and timing restrictions of the resource re-selection are the same as the initial resource selection.

[bookmark: OLE_LINK113]An example is shown by the figure below. In this figure, the re-evaluation is done in the time of T3 before the slot of resource #m k+1, resource #m k+2 which is signaled by the SCI corresponding to #m k+1 is not in the identified candidate resource set, then this resource should be reselected; resource #m k+1 should be regarded as the 1st selected resource and whether the pre-selected resource of #m k+3 and #m k+4 is changed should be based on the implementation to ensure all the timing restrictions are met; whether the pre-selected resource of #m k+5 which is also not in the identified candidate resource set is changed should also be based on the implementation, since it can be re-evaluated again in the time of T3 before the slot of resource #m k+3 or #m k+4.


Figure 3 Illustration of resource re-selection triggered by re-evaluation

[bookmark: OLE_LINK118]The pre-emption in NR V2X means, for a UE, a resource which has been signaled by a previous SCI, is occupied by another UE which has a higher priority packet to be transmitted, and the pre-empted resource needs to be re-selected. The steps and timing restrictions of the resource re-selection are same to the initial resource selection described in the previous section. A special case is, if there is another resource is signaled by a same SCI with the pre-empted resource in case of Nmax=3, this “another resource” should be regarded as the 1st selected resource for the re-selection procedure, since it has been reserved and signaled.
[bookmark: OLE_LINK20]Proposal 11: For resource re-selection of a pre-empted resource contained in a slot ‘m’, 
· If there is another signaled and non-preempted resource which has not been used for transmission this resource should be regarded as the 1st selected resource for the resource re-selection procedure;
· Else, the 1st resource is randomly selected in the selection window of the resource re-selection triggered by the pre-emption.

An example is shown by the figure below. In this figure, resource #m k+2 is pre-empted, then this resource should be reselected; resource #m k+3 should be regarded as the 1st selected resource during performing resource re-selection since it has also been reserved and signaled by the SCI corresponding to resource #m k+1, but no pre-emption occurs on it.


Figure 4 Illustration of resource re-selection triggered by pre-emption

Release of unused resource
According to the summary of RAN1# 97 meeting, the reservation of resources for feedback-based HARQ retransmission(s) has been accepted by RAN1 as follows.
Agreements:
· NR V2X Mode-2 supports resource reservation for feedback-based PSSCH retransmissions by signaling associated with a prior transmission of the same TB
· FFS impact on subsequent sensing and resource selection procedures
· At least from the transmitter perspective of this TB, usage of HARQ feedback for release of unused resource(s) is supported
· No additional signaling is defined for the purpose of release of unused resources by the transmitting UE
· FFS the behavior of the receiver UE(s) of this TB and other UEs


In the following subsection, we give our opinions on the following opening aspect:
· FFS the behavior of the receiver UE(s) of this TB and other UEs
It is possible the other UEs notify the using or un-using of the reserved resource by monitoring the ACK/NACK of the sending UE. If the feedback to the sending UE is ACK, the other UEs can start to use the released resource. If the feedback to the sending UE is NACK, the other UEs can avoid to select the reserved resource. It means the UE needs to decoding both the SCI and SFCI (sidelink feedback control information) for its resource selection. Since no additional signaling is defined for the purpose of release of unused resources by the transmitting UE, only the HARQ is used for the receiver UE(s) releasing the unused resource. The behavior of the receiver UE(s) is as follows: it will not use the reserved resource when the receiver UE receives the ACK. it will use the reserved resource when the receiver UE receives the NACK. 
In order to let other UE(s) use the released unused resource, the other UEs needs to decode the HARQ which is not related to its own link. Then, the other UEs could check the using status of the resource reserved not by its own and has the ability to use the released resource.
The behavior of the other UE(s) is as follows: it will use the unused resource when it decodes the ACK related to the link in which the resource is not reserved by itself. It will not use the unused resource when it decodes the NACK related to the link in which the resource is not re-served by itself.
Proposal 12: The resources that have previously been reserved for the UE(s) can be used or released by using HARQ feedback. The released resource could be used by other UEs after the other UEs monitoring the HARQ of the reserved UE(s).
Proposal 13: The other UEs need to monitor the HARQ ACK/NACK feedback when perform their own resource selection.
· If the feedback to the sending UE is ACK, the other UEs can start to use the released resource.
· If the feedback to the sending UE is NACK, the other UEs can avoid selecting the reserved resource.

Conclusions
In this contribution, we give our views on some remaining details on mode 2 resource allocation for NR V2X. Some design aspects are highlighted. The proposals are summarized as follows.
Observation 1: In NR V2X, when the determined number of the HARQ (re-)transmissions is not larger than 2, the LTE V2X step 2 mechanism can be reused. 
Proposal 1: In the case where the determined number of the HARQ (re-)transmissions is not larger than 2, the LTE V2X step 2 mechanism should be reused in NR V2X,  and only the limited range in the condition should be expanded to [-31, 31] slots.
Proposal 2: In the case where the determined number of HARQ (re-)transmissions is larger than 2, the resources for the HARQ (re-)transmissions should be randomly selected one by one from the identified candidate resources in NR V2X.
Proposal 3:  Step 2 should ensure “reserved” resources are used for retransmission, “non-reserved” resources can be used for retransmission only in the exceptional cases provided by the first two sub-bullets of the last meeting’s agreements.
Proposal 4: “Shall” is preferred to be used in the last meeting’s agreements on step 2 resource selection procedure.
Proposal 5: When starting the nth resource selection to select resource Rn, all already selected resources {R1, R2 ... Rn-1}, and all the candidate resources which are in the same slot with {R1, R2 ... Rn-1}, should be precluded from the identified candidate resource set. 
Proposal 6: If the two exceptional cases mentioned in the last meeting’s agreements do not occur, the selected resource Rn shall be within [-32, 32] slots of at least one resource from {R1, R2 ... Rn-1}.
Proposal 7: When no resources within [-32, 32] slots of at least one resource from {R1, R2 ... RM} can be founded in the candidate resource set, the resources which are not within [-32, 32] slots of at least one another already selected resource can be selected for the remaining (Mtarget – M) transmissions.
Proposal 8: The step 2 of the resource selection procedure stops and can be regarded as completed when the number of the already selected resources has reached Mtarget or when no more available resources can be found in the candidate resource set.
Proposal 9: The working assumption on resource indication in a SCI which is made in RAN1# 100bis e-meeting should be confirmed and “shall” is preferred to be used.
Proposal 10: For resource re-selection of a pre-selected resource contained in a slot ‘k’ to be first time signaled in a slot ‘m’ triggered by re-evaluation, 
· The resource which is in the same slot and indicated by the corresponding PSCCH in slot ‘m’ should be regarded as the 1st selected resource;
· The remaining steps and timing restrictions of the resource re-selection are the same as the initial resource selection.
Proposal 11: For resource re-selection of a pre-empted resource contained in a slot ‘m’, 
· If there is another signaled and non-preempted resource which has not been used for transmission this resource should be regarded as the 1st selected resource for the resource re-selection procedure;
· Else, the 1st resource is randomly selected in the selection window of the resource re-selection triggered by the pre-emption.
Proposal 12: The resources that have previously been reserved for the UE(s) can be used or released by using HARQ feedback. The released resource could be used by other UEs after the other UEs monitoring the HARQ of the reserved UE(s).
[bookmark: OLE_LINK37][bookmark: OLE_LINK39]Proposal 13: The other UEs need to monitor the HARQ ACK/NACK feedback when perform their own resource selection.
· If the feedback to the sending UE is ACK, the other UEs can start to use the released resource.
· If the feedback to the sending UE is NACK, the other UEs can avoid selecting the reserved resource.
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