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In this paper, we discuss the remaining issues on resource allocation mode 2. In particular, we consider 1) resource selection from the identified resources; 2) re-evaluation of Step 1 and Step 2; and 3) pre-emption.

Resource Selection from the Identified Resources
During the RAN1#98 meeting, the following was agreed: 
	Agreements:
· The resource (re-)selection procedure includes the following steps
· Step 1: Identification of candidate resources within the resource selection window
· FFS details
· Step 2: Resource selection for (re-)transmission(s) from the identified candidate resources
· FFS details



In LTE V2X, one SCI can reserve up to 2 resources for a TB. The two resources are selected in a sequential manner: A first resource is randomly selected with equal probability from the identified resources in the selection window. Then, the second resource is selected from a restricted window centered at the subframe of the first selected resource so as to be capable of signaling in SCI. In the restricted selection window, it is likely that there does not exist any available resource. An alternative is to enumerate all possible pairs of identified resources and then randomly select one of them. Although the alternative has a better chance to select a pair of resources, the implementation complexity may not be desirable. Following the guidance of RAN Plenary to reuse the designs of LTE V2X as much as possible and to avoid complicated implementations, we propose to follow LTE V2X to use sequential resource selection. 
Proposal 1: The identified resources should be selected in a sequential manner as LTE V2X.
For NR V2X, there are two aspects different from LTE V2X and thus requiring some extensions of the original LTE V2X design. Firstly, NR V2X supports feedback-based HARQ retransmission. In order to make the feedback scheme effective, there should be a time gap between two transmissions which takes into account the HARQ round-trip time. Secondly, NR V2X supports that one SCI can reserve up to 3 resources for a TB, so after choosing the first resource the Tx UE can choose another two resources.
According to the email approval in [98b-NR-15], all reserved resources by an SCI are confined within a window of size 32 slots. Assume that one resource has been selected from the identified resources, say at slot  For , the second resource occurs at slot  and the value  satisfies that  and . If , then the first transmission opportunity occurs at slot ; otherwise, the first transmission opportunity occurs at slot . The parameter  is desirable for feedback-based retransmissions to take into account the HARQ round-trip time. The value of  for feedback-based retransmissions can follow NR Uu. Besides, an effective re-evaluation requires that the time gap between two transmissions is at least 
Observation 1: Re-evaluation may not be triggered if the time gap between two transmissions is smaller than .
If a Tx UE intends to select more than two resources within the same trigger of resource selection for , then we may consider the following scheme: Denote by  the -th transmission opportunity. Assuming that the first transmission opportunities have been determined, we choose the -th transmission opportunity uniformly at random from the subset of resource candidates satisfying the criterion

If the subset is empty or reaching the maximum number of HARQ transmissions, the procedure terminates and this TB has transmissions. Then, the UE sorts the sequence  in increasing order, denoted as . Finally, the selected resource at slot  corresponds to the -th transmission opportunity in order.

Proposal 2: For , the -th transmission opportunity at slot  is selected uniformly at random from the subset of resource candidates satisfying the criterion , where .

For , the second resource occurs at slot  and the third resource occurs at slot . Following LTE V2X’s principle, we select the values of  and  in a sequential manner. Similar to the case of , the value  satisfies that  and . Next, we select the third transmission opportunity uniformly at random from the subset of resource candidates satisfying the criterion

If a Tx UE intends to select more than  resources within the same trigger of resource selection, then we may consider the following scheme: Assume that the first three resources are selected at slots ,. Without loss of generality, we assume that  Denote by  and  the second maximum and the second minimum of the sequence , respectively Assuming that the first transmission opportunities have been determined, we select the -th transmission opportunity uniformly at random from the subset of resource candidates satisfying the criterion

If the subset is empty or reaching the maximum number of HARQ transmissions, the procedure terminates and this TB has transmissions. Then, the UE sorts the sequence  in increasing order, denoted as . Finally, the selected resource at slot  corresponds to the -th transmission opportunity in order.

Proposal 3: For , the -th transmission opportunity at slot  is selected uniformly at random from the subset of resource candidates satisfying the criterion , where  and  are the second maximum and the second minimum of the slot sequence , respectively. 

It is possible that there is no identified resource in the restricted window for more transmission opportunities. If it is the case for feedback-based retransmission, then it can be up to UE implementation to decide whether to set  and perform blind retransmission instead.
Proposal 4: If there is no available resource for feedback-based retransmission, then it can be up to UE implementation to decide whether to set  and perform blind retransmission instead.

Re-evaluation of Step 1 and Step 2
During the RAN1#98bis meeting, it was agreed that 
	Agreements:
· Resource (re-)selection procedure supports re-evaluation of Step 1 and Step 2 before transmission of SCI with reservation
· The re-evaluation of the (re-)selection procedure for a resource reservation signalled in a moment ‘m’ is not required to be triggered at moment > ‘m – T3’ (i.e. resource reselection processing time needs to be ensured)
· FFS condition to change resource(s) from previous iteration to resource(s) from current iteration
· FFS relationship of T1 and T3, if any
· FFS whether to handle it differently for blind and feedback-based retransmission resources


 
If a UE does not receive any SCI in a slot, then there is no new information and thus no need to trigger a re-evaluation. We propose to trigger a re-evaluation at slot  only if there is at least one SCI decoded at the latest slot before  such that 1) the measured RSRP is larger than the final -RSRP threshold with increment; and 2) the resources reserved by that SCI overlaps with any initially selected resources. The next question is to what extent the resource reselection should be performed. 
If  is close to the remaining PDB, then there is no need to redo Step 1. Instead, it suffices to exclude the resources overlapped with the resources reserved by the newly received SCI. However, if  is small to accommodate more retransmissions, the Step 1 can be performed again to include more candidate resources. Since the selection of  is up to UE implementation, it can also be up to UE implementation to decide whether to trigger Step 1.
Proposal 5: It can be up to UE implementation to decide whether to trigger Step 1, i.e., identification of candidate resources within the resource selection window.
Another aspect is whether to only reselect the overlapped non-reserved resources or to reselect all non-reserved resources whatsoever. Again, it can be up to UE implementation as long as the selected resource(s) occur after any reserved resource(s) which is reasonable since it is desirable that the newly selected resources can be reserved by some SCI (see also [2]).
Proposal 6: It can be up to UE implementation to decide whether to reselect the overlapped non-reserved resources or to reselect all non-reserved resources as long as the selected resource(s) occur after any reserved resource(s).
On the other hand, the procedure of re-evaluation can be adapted to select a new resource which will be signaled by an SCI occurring at an already reserved resource. First considering , we assume SCI  reserves transmissions  of a TB occurring at slot , respectively. Since SCI 0 cannot reserve transmission , there is no need to determine its resource at the first trigger of resource selection. To use SCI  to reserve transmissions 1 of the same TB, we can wait until slot  to trigger a re-evaluation with the selection window , whereas the sensing window is .
Now we consider  We assume SCI  reserves transmissions  of a TB occurring at slot , respectively. Since SCI 0 cannot reserve transmission , there is no need to determine its resource at the first trigger of resource selection. The main reason to introduce  is that if a resource can be reserved three times for enhanced reliability. Thus, as pointed out in [2] it is reasonable that transmission occurs after transmission 2. Then, to use SCI  to reserve transmissions 1 of the same TB, we wait until slot  to trigger a re-evaluation with the selection window , whereas the sensing window is 
Proposal 7: When triggering a resource selection, the higher layer can indicate whether there is already reserved resource(s) for a TB. If so, the selection window can be set as , where slot  corresponds to the time of the last reserved transmission.
An alternative is to set the selection window as  and let the higher layer to restrict the candidate resource set. A drawback of this approach is that it cannot guarantee there are 20% of available resources with a restricted window, which may increase collision probability.
Feedback-based retransmission resources may not be used if an ACK is received, so it is tempting to think that the reserved resources can be explored. However, a Tx UE has the freedom to aggressively choose a high MCS and have a BLER larger than 0.1. Thus, assuming feedback-based retransmission resources are mostly unused may underestimate the collision probability and suffers from more interference if treated differently than blind retransmission resources.
Proposal 8: For re-evaluation of Step 1 and Step 2, do not handle it differently for blind and feedback-based retransmission resources.

Pre-emption
During the RAN1#98bis meeting, the following was agreed: 
	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



The current agreement only specifies pre-emption from an Rx UE’s perspective. Thanks to the existing resource selection mechanism with RSRP threshold increment, pre-emption can be implicitly performed without a specific pre-emption indicator in SCI, i.e., a Tx UE just follows the resource selection procedure without the need of knowing whether performing pre-emption. We can say that a pre-emption occurs when a Tx UE selects a resource that has a measured RSRP larger than the initial RSRP threshold without increment. It is supposed that if lower than the original RSRP threshold, then any interference is considered as manageable.
Proposal 9: Pre-emption can be implicitly performed without a specific pre-emption indicator in SCI. A pre-emption occurs when a Tx UE selects a resource that has a measured RSRP larger than the initial RSRP threshold without increment.
With the implicit pre-emption at Tx UE, the triggering condition for Rx UEs has to be carefully considered. Let us consider an example: UE 2 has reserved resources for packets with a lower priority, say 7. Now UE 1 wants to transmit a packet with a higher priority, say 0. Following the notations in TS 36.213,  is the RSRP threshold used by UE 1 and  is the RSRP threshold used by UE 2. It is expected that  so that low-priority transmissions incurs less interference to high-priority transmissions. Assume that the channel reciprocity holds, i.e., the measured RSRP from UE 2 at UE 1 is equal to the measured RSRP from UE 1 at UE 2. For UE 1 to pre-empt UE 2’s resource, it requires that RSRP . Now if UE 2 still uses the conventional criterion, i.e., RSRP  to trigger resource reselection, then a resource reselection is triggered as long as  RSRP .
Thus, even without considering RSRP increment, pre-emption happens as long as two RSRP thresholds are different and the measured RSRP falls within. Unnecessary pre-emption may incur more interference since a reselected resource may not be able to be reserved by a previous SCI. Pre-emption is supposed to be used only when UE 1 cannot find a low-interference resource. Thus, UE 2 should use a different RSRP threshold other than  for detecting pre-emption. For simplicity, we suggest to use . If RSRP , it means that UE 1 has to increase the RSRP threshold to make the identified resources at least 20% of the total resources.
Proposal 10: A UE sending a low-priority packet uses the RSRP threshold used by the UE sending a high-priority packet to detect whether its resource is pre-empted. 
Pre-emption is similar to re-evaluation in the sense that if some condition is satisfied, then we perform a resource reselection. Thus, the mechanism of pre-emption can mostly reuse the mechanism of re-evaluation. In particular, the timeline for reselection can follow that of re-evaluation, i.e., a resource reselection can only be triggered at slot , where  is the slot of the reserved but pre-empted resource.
Proposal 11: A resource reselection can only be triggered at a slot , where  is the slot of a reserved but pre-empted resource.
Considering , for any reselected resource for the pre-empted resource, either it cannot be reserved by one previous SCI or some selected resource cannot be reserved. However, for , if only one resource is pre-empted, then it is desirable to make the newly selected resource to be reserved by at least one previous SCI. 
Proposal 12: If only one resource is pre-empted for , the selection window can be set so that a reselected resource is reserved by at least one previous SCI.
It is FFS whether or not to support other potential UE behaviour such as power boosting/reduction. Power boosting can be used by a pre-empting Tx UE, whereas power reduction can be used by the corresponding pre-empted Tx UE. Although power boosting/reduction can avoid reselecting a resource not to be reserved, there is concern that the RSRP measurement results may be inconsistent since UEs may use a different transmission power in case of pre-emption. Due to time limitation for a thorough study, we propose that resource reselection for the pre-empted resource(s) follows the same procedure for resource selection and re-evaluation.
Proposal 13: Resource reselection for the pre-empted resource(s) follows the same procedure for resource selection and re-evaluation. No other UE behavior is defined for Release 16 NR V2X.
Finally, resource reselection in case of pre-emption should only be enabled for certain priority pairs to reduce interference caused by reselected resources without reservation. For example, it can be considered that a high-priority transmission only pre-empts a low-priority transmission if the difference between two priorities is at least certain value, say 4.
Proposal 14: Resource reselection in case of pre-emption are enabled/disabled per priority pair. It can be considered that a high-priority transmission only pre-empts a low-priority transmission if the difference between two priorities is at least certain value. No pre-emption is allowed if the two priorities are the same.

Conclusion
The following summarizes the observations and proposals in this contribution.
Observation 1: Re-evaluation may not be triggered if the time gap between two transmissions is smaller than .
Proposal 1: The identified resources should be selected in a sequential manner as LTE V2X.
Proposal 2: For , the -th transmission opportunity at slot  is selected uniformly at random from the subset of resource candidates satisfying the criterion , where .

Proposal 3: For , the -th transmission opportunity at slot  is selected uniformly at random from the subset of resource candidates satisfying the criterion , where  and  are the second maximum and the second minimum of the slot sequence , respectively.
Proposal 4: If there is no available resource for feedback-based retransmission, then it can be up to UE implementation to decide whether to set  and perform blind retransmission instead.
Proposal 5: It can be up to UE implementation to decide whether to trigger Step 1, i.e., identification of candidate resources within the resource selection window.
Proposal 6: It can be up to UE implementation to decide whether to reselect the overlapped non-reserved resources or to reselect all non-reserved resources as long as the selected resource(s) occur after any reserved resource(s).
Proposal 7: When triggering a resource selection, the higher layer can indicate whether there is already reserved resource(s) for a TB. If so, the selection window can be set as , where slot  corresponds to the time of the last reserved transmission.
Proposal 8: For re-evaluation of Step 1 and Step 2, do not handle it differently for blind and feedback-based retransmission resources.
Proposal 9: Pre-emption can be implicitly performed without a specific pre-emption indicator in SCI. A pre-emption occurs when a Tx UE selects a resource that has a measured RSRP larger than the initial RSRP threshold without increment.
Proposal 10: A UE sending a low-priority packet uses the RSRP threshold used by the UE sending a high-priority packet to detect whether its resource is pre-empted. 
Proposal 11: A resource reselection can only be triggered at a slot , where  is the slot of a reserved but pre-empted resource.
Proposal 12: If only one resource is pre-empted for , the selection window can be set so that a reselected resource is reserved by at least one previous SCI.
Proposal 13: Resource reselection for the pre-empted resource(s) follows the same procedure for resource selection and re-evaluation. No other UE behavior is defined for Release 16 NR V2X.
Proposal 14: Resource reselection in case of pre-emption are enabled/disabled per priority pair. It can be considered that a high-priority transmission only pre-empts a low-priority transmission if the difference between two priorities is at least certain value. No pre-emption is allowed if the two priorities are the same.
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