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1. Introduction
In this contribution, we provide discussion and our views on the remaining open issues in mode 2. Specifically, we focus on the following issues:
· The possible infinite loop problem due to excessive exclusion
· Resource (re)selection / exclusion enhancements
· Remaining details of re-evaluation and pre-emption
2. Discussion
2.1 The possible infinite loop problem due to excessive exclusion
The UE procedure for determining the subset of resources from a resource selection window in mode 2 is described in TS 38.214 as below:
	4)	The set  is initialized to the set of all the candidate single-slot resources. 
5)	The UE shall exclude any candidate single-slot resource  from the set  if it meets all the following conditions:
-	the UE has not monitored slot  in Step 2.
-	for any periodicity value allowed by the higher layer parameter sl-ResourceReservePeriodList and a hypothetical SCI format 1-A received in slot  with "Resource reservation period" field set to that periodicity value and indicating all subchannels of the resource pool in this slot, condition c in step 6 would be met.
6)	The UE shall exclude any candidate single-slot resource  from the set  if it meets all the following conditions:
a)	the UE receives an SCI format 1-A in slot , and "Resource reservation period" field, if present, and "Priority" field in the received SCI format 1-A indicate the values  and , respectively according to Clause 16.4 in [6, TS 38.213];
[bookmark: _Hlk26193771]b)	the RSRP measurement performed, according to clause 8.4.2.1 for the received SCI format 1-A, is higher than  ;
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]c)	the SCI format received in slot or the same SCI format which, if and only if the "Resource reservation period" field is present in the received SCI format 1-A,  is assumed to be received in slot(s)  determines according to clause 8.1.5 the set of resource blocks and slots which overlaps with  for q=1, 2, …, Q and j=0, 1, …, . Here,  is  converted to units of logical slots according to clause 8.1.7,  if  and , where  if slot n belongs to the set , otherwise slot  is the first slot after slot n belonging to the set ; otherwise .  is set to selection window size T2 converted to units of ms.
7)	If the number of candidate single-slot resources remaining in the set  is smaller than , then  is increased by 3 dB for each priority value  and the procedure continues with step 4.


From the above step 4) – step 7), it is clear that UE will increase the RSRP threshold continuously by 3dB until the amount of candidate resources in  achieves . And the (pre-)configured value for  can be up to 50% according to the agreements of RAN1#101-e. However, if the number of resources in  is already less than  after performing step 5), the condition of achieving  number of resources will never be met although the RSRP threshold is continuously increasing again and again. This is due to increasing the RSRP threshold can only reduce the number of resources excluded in step 6) rather than in step 5). There is a possible infinite loop problem especially when  is set to a large value like 50%.
To address this issue, we provide three solutions:
First, the above issue is due to excessive resource exclusion in step 5). In step 5), all of the periodicity values in sl-ResourceReservePeriodList configured by higher layers are used to exclude resources in slots where the UE did not monitor. This can lead to excessive resource exclusion if small periodicity values like 2ms, 3ms and etc are included in the e. Assuming 2ms reservation period is configured for a resource pool, then there is a possibility that at least every second slot in the resource selection window are excluded in step 5). And after performing step 6), only more resources will be excluded, then the remaining resources will never reach 50% of the candidate set. Hence a subset of the (pre-)configured periodicities should be used for resource exclusion in step 5). For example, the subset can be determined by taking some small periodicity values out of the sl-ResourceReservePeriodList.
Proposal 1: A subset of the (pre-)configured periodicities for reservation should be used to exclude resources in slots not monitored during sensing.
Second, the set of possible values for  is {0、1-99、100、200…1000}ms for NR V2X as agreed in RAN1#100-e, as such, Q would be quite large if   is very small e.g. 2ms. If Q is too large, many resources will be excluded because   represents many slots. This is another case which will lead to excessive exclusion in step 5). Therefore, we propose to replace  with  to avoid using small reservation periods in resource exclusion. 
Proposal 2: Replace  with  to avoid excessive exclusion.
============================Text Proposal 2 (38.214)================================
8.1.4	UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
<Unchanged parts omitted>
6)	The UE shall exclude any candidate single-slot resource  from the set  if it meets all the following conditions:
a)	the UE receives an SCI format 1-A in slot , and "Resource reservation period" field, if present, and "Priority" field in the received SCI format 1-A indicate the values  and , respectively according to Clause 16.4 in [6, TS 38.213];
b)	the RSRP measurement performed, according to clause 8.4.2.1 for the received SCI format 1-A, is higher than  ;
c)	the SCI format received in slot or the same SCI format which, if and only if the "Resource reservation period" field is present in the received SCI format 1-A,  is assumed to be received in slot(s)  determines according to clause 8.1.5 the set of resource blocks and slots which overlaps with  for q=1, 2, …, Q and j=0, 1, …, . Here,  is  converted to units of logical slots according to clause 8.1.7,  if  and , where  if slot n belongs to the set , otherwise slot  is the first slot after slot n belonging to the set ; otherwise .  is set to selection window size T2 converted to units of ms.
==========================End of Text proposal 2 (38.214) ============================
Third, another straightforward method is that, UE shall report the set   to high layers immediately if it finds that the number of resources in  is less than  after step 5). In this way, UE is able to jump out of the infinite loop and won’t increase the RSRP threshold again and again.
Proposal 3: If the number of resources in  is already less than  after step 5), UE will report the current   to high layers immediately and not perform other steps.
2.2 Resource (re)selection / exclusion enhancements
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Figure 1: Illustration of Tx collision/interference due to varying Tx power among different UEs
In NR V2X, a few new features are introduced compared to LTE V2X, such as support of sidelink unicast and groupcast communications, and sidelink pathloss-based open loop power control for the unicast. Since there is no restriction to perform SL communications for all cast types within a same resource pool, sidelink Tx power levels can vary significantly among UEs within the same geographical area (UEs in proximity). In LTE V2X, the zone-based resource allocation / partitioning for UEs was supported to mitigate the IBE interference problem. For NR sidelink, however, due to the above-mentioned new features of link level power control and support of unicast / groupcast communication, the zone-based resource partitioning won’t be effective anymore to mitigate this IBE problem. An example illustration of this problem is depicted in Figure 1, where UE1/UE2 are engaging in unicast communication and UE3/UE4 are in broadcast transmissions. Based on close proximity between UE1 and UE2, their sidelink Tx power would be low due to sidelink pathloss-based power control (e.g. 10dBm) than UE3/UE4 without having power control and transmitting at max level (i.e. UE_powerclass = 23dBm). If following the existing resource selection mechanism based on a RSRP_threshold (per PPPP level), since the Tx power from UE1 is low, the power received by UE3 from UE1 could be below the RSRP_threshold. As such, UE3 may interpret UE1 is at a far distance and selects the same resource for its own transmission. Thus, causing Tx collision to UE1’s transmission and consequently UE2 won’t be able to decode UE1’s message correctly. In another scenario, if the measured RSRP level of UE1’s transmission is not below the RSRP_threshold, UE3 avoids selecting the same resource but selects a resource adjacent to UE1’s resource. In this scenario, since UE3’s Tx power is much larger than UE1, its transmission would still cause IBE problem to UE1’s transmission at the receiver UE (UE2).
To solve this IBE interference problem due to unicast power control and mixed resource pool with broadcast transmissions, one could enhance the existing resource selection procedure by exclude / avoid selecting resources that are adjacent to resources with measured RSRP levels with a large difference to its target transmission output power (e.g. difference < 10dB).
Proposal 4: Avoid selecting / exclude resources with a large difference between target Tx power and measured RSRP of adjacent resources, or Tx-UE should select resource(s) that are adjacent to resources with similar power level to avoid creating interference.
2.3 Remaining details of re-evaluation and pre-emption
1.   FFS whether for the case of enabled periodic reservation, already reserved resources in upcoming periods can be re-evaluated
Based on the definition of re-evaluation, only pre-selected resources are taken into consideration. If already reserved resources in upcoming periods can be re-evaluated, it will violate the definition of re-evaluation.
In addition, resources in upcoming periods cannot be re-evaluated at the moment ‘m-T3’ in current period, because UE need to determine a resource selection window in current period before it performs regular Step 1 for re-evaluation checking. Obviously, the resources in upcoming periods are not included in the selection window. Then the UE cannot re-select a new resource that is out of the resource selection window.
Proposal 5: For the case of enabled periodic reservation, already reserved resources in upcoming periods should NOT be re-evaluated.
Proposal 6:  Resources in upcoming periods cannot be re-evaluated at the moment ‘m-T3’ in current period due to resource selection window covers only the current period.
2.    FFS whether/how to extend pre-emption to periodic reservations
According to the description of pre-emption in TS 38.214:
	If a resource  from the set  is not a member of  due to exclusion in step 6) above by comparison with the RSRP measurement for the received SCI format 1-A with an associated priority  and  and , then the UE shall report pre-emption of the resource  to higher layers.


If a resource  is not a member of   after resource exclusion and the condition of priority comparing is satisfied, UE need to re-select resource  due to pre-emption. 
It should be noted that if the corresponding resources of  in upcoming periods overlap with a resource reserved by another UE, resource  will also be excluded from the set  based on the current step 6). Assume the condition of priority comparing is satisfied, UE reselects resource  in this case. But actually, resource   is not pre-empted by any UE. This is not aligned with the agreements that only pre-empted resources need to be re-selected. Hence, we suggest that the j in step 6) of mode 2 resource selection procedure ought to be set to 0 when UE is performing pre-emption check.
Proposal 7: The j in step 6) of mode 2 resource selection procedure in TS 38.214 should be equal to 0, when UE is performing pre-emption check.
============================Text Proposal 7 (38.214)===============================
[bookmark: _Toc29673242][bookmark: _Toc29673383][bookmark: _Toc29674376][bookmark: _Toc36645606][bookmark: _Toc45810655]8.1.4	UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
<Unchanged parts omitted>
6)	The UE shall exclude any candidate single-slot resource  from the set  if it meets all the following conditions:
a)	the UE receives an SCI format 1-A in slot , and "Resource reservation period" field, if present, and "Priority" field in the received SCI format 1-A indicate the values  and , respectively according to Clause 16.4 in [6, TS 38.213];
b)	the RSRP measurement performed, according to clause 8.4.2.1 for the received SCI format 1-A, is higher than  ;
c)	the SCI format received in slot or the same SCI format which, if and only if the "Resource reservation period" field is present in the received SCI format 1-A,  is assumed to be received in slot(s)  determines according to clause 8.1.5 the set of resource blocks and slots which overlaps with  for q=1, 2, …, Q and j=0 for pre-emption, otherwise j=0, 1, …, . Here,  is  converted to units of logical slots according to clause 8.1.7,  if  and , where  if slot n belongs to the set , otherwise slot  is the first slot after slot n belonging to the set ; otherwise .  is set to selection window size T2 converted to units of ms.
==========================End of Text proposal 7 (38.214) ============================
Additionally, if a resource is reselected at the ‘m-T3’ in the current period due to re-evaluation or pre-emption, its original corresponding pre-selected / reserved resource(s) in upcoming periods should be considered as “released” at least by the Tx (resource reselecting) UE, and new periodic resource(s) should be re-selected in the upcoming periods and signalled in the SCI in slot ‘m’.
Proposal 8:  For the case of enabled periodic reservation, if a resource is reselected due to re-evaluation or pre-emption in the current period, 
· its original corresponding pre-selected / reserved resource(s) in upcoming periods are considered as “released” at least by the Tx (resource reselecting) UE, and
· new corresponding periodic resource(s) should be re-selected in the upcoming periods and signalled in the SCI in slot ‘m’.
Furthermore, SL resources that are within the same slots as other reserved but not pre-empted resources should be also excluded from the candidate resource set during the resource reselection of pre-emption. For example, assuming there are three reserved resources A, B and C in slot n+a, n+b and n+c respectively. If only resource B is pre-empted by another UE, the resources within slot n+a and n+c ought to be excluded in the resource reselection procedure for pre-emption. Otherwise, it is possible that two transmissions occur in one slot.
Proposal 9: Within the re-selection window of pre-emption, any resource that is in the same slot(s) as reserved but not pre-empted resource(s) should be excluded from the candidate resource set.
Sidelink resource pre-emption is expected to be useful in a medium to heavy congested resource pool, but some restrictions on the UE performing the pre-emption (pre-empting UE) should be imposed so to minimize negative impact to the pre-empted UEs (e.g. to avoid persistent pre-emption/take-over). That is, 
· when the measured CBR level is low (i.e. in a lowly congested resource pool), there would be plenty of SL resources available for selection and there is no good reason for a UE to pre-empt SL resources that are already been signalled / reserved by another UE, even its packets have higher priority. Therefore, firstly a triggering condition to allow a UE to pre-empt resources from another UE should be imposed when measured CBR ≥ X%, where X is configurable between [60, 70, 80].
· furthermore, the time gap between the pre-empting SCI and the pre-empted resource shall be larger than T3 to allow sufficient time for the pre-empted UE to perform resource re-selection procedure to find a replacement resource.
Proposal 10: Pre-emption triggering conditions should include the followings:
· Resource pre-emption is allowed when the measured CBR ≥ X%, where X is (pre-)configurable between [60, 70, 80] or when the candidate resource set is less than 20%
· The time gap between the first pre-empting SCI and the pre-empted resource shall be larger than T3
Finally, if a pre-empting UE with higher priority pre-empts a resource for an initial transmission, this means the pre-empted UE with lower priority is not able to know that its selected resource has been / will be pre-empted anyway. Collision happens in this way. However, if the pre-empting UE with higher priority pre-empts a resource for re-transmission, the pre-empting UE can inform the pre-empted UE that its selected resource has been pre-empted from the initial transmission of the pre-empting UE. Then the pre-empted UE will have a chance to re-select another resource. Therefore, resource for an initial transmission ought to be selected among “empty resources” that none of SCIs indicate these resources are reserved by other UEs. Resource for re-transmission should be selected among all of candidate resources. Candidate resources include both “empty resources” and other resources that SCIs indicate these resources are reserved by other UEs but SL-RSRP is lower than SL-RSRP threshold. In this way, a pre-empted resource will only be used for re-transmission of pre-empting UE. The pre-empted UE can re-select resource to avoid resource collision.
Proposal 11: Resource for the initial transmission of a TB ought to be selected among the “empty resources” that has not been previously reserved/indicated by others. Pre-emption is only allowed for the re-transmission(s).
3. Conclusion
Proposal 1: A subset of the (pre-)configured periodicities for reservation should be used to exclude resources in slots not monitored during sensing.
Proposal 2: Replace  with  to avoid excessive exclusion.
Proposal 3: If the number of resources in  is already less than  after step 5), UE will report the current   to high layers immediately and not perform other steps.
Proposal 4: Avoid selecting / exclude resources with a large difference between target Tx power and measured RSRP of adjacent resources, or Tx-UE should select resource(s) that are adjacent to resources with similar power level to avoid creating interference.
Proposal 5: For the case of enabled periodic reservation, already reserved resources in upcoming periods should NOT be re-evaluated.
Proposal 6:  Resources in upcoming periods cannot be re-evaluated at the moment ‘m-T3’ in current period due to resource selection window covers only the current period.
Proposal 7: The j in step 6) of mode 2 resource selection procedure in TS 38.214 should be equal to 0, when UE is performing pre-emption check.
Proposal 8:  For the case of enabled periodic reservation, if a resource is reselected due to re-evaluation or pre-emption in the current period, 
· its original corresponding pre-selected / reserved resource(s) in upcoming periods are considered as “released” at least by the Tx (resource reselecting) UE, and
· new corresponding periodic resource(s) should be re-selected in the upcoming periods and signalled in the SCI in slot ‘m’.
Proposal 9: Within the re-selection window of pre-emption, any resource that is in the same slot(s) as reserved but not pre-empted resource(s) should be excluded from the candidate resource set.
Proposal 10: Pre-emption triggering conditions should include the followings:
· Resource pre-emption is allowed when the measured CBR ≥ X%, where X is (pre-)configurable between [60, 70, 80] or when the candidate resource set is less than 20%
· The time gap between the first pre-empting SCI and the pre-empted resource shall be larger than T3
Proposal 11: Resource for the initial transmission of a TB ought to be selected among the “empty resources” that has not been previously reserved/indicated by others. Pre-emption is only allowed for the re-transmission(s).
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