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Introduction
In this contribution, the following remaining issues of Mode 2 resource allocation are discussed:
1) Remaining issues on re-evaluation
2) Remaining issues on pre-emption mechanism
3) Remaining issues of resource selection restrictions
4) Remaining issue of non-monitored slot handling
5) Remaining issue of backward indication
Discussion on remaining issues of Mode 2 resource allocation mechanism
Remaining issues of re-evaluation mechanism
In RAN1 # 100-e meeting, agreements were achieved for re-evaluation and the pre-selected resources to be re-evaluated are defined as to be first time signaled ones [1]. 
	Agreements:
· For re-evaluation of a pre-selected resource contained in a slot ‘k’ to be first time signaled in a slot ‘m’, where k ≥ m, 
· Step 1 of the resource (re-)selection procedure is performed at least at the moment ‘m-T3’, and if the pre-selected resource is not in the identified candidate resource set, Step 2 is triggered for reselection of the resource 
· Re-evaluations before the moment ‘m-T3’ or after ‘m-T3’ but before ‘m’ are not precluded and are up to UE implementation 
· FFS whether to mandate a UE to perform Step 1 checking every slot before ‘m-T3’
· FFS whether evaluation of Step 2 has to ensure any introduced timing restrictions between pre-selected and re-selected resources when re-evaluation is triggered, and whether it is allowed to change the pre-selected but not reserved resources which are still in the candidate resource set in order to ensure the timing restrictions
· FFS whether for the case of enabled periodic reservation, already reserved resources in upcoming periods can be re-evaluated



In RAN1 #101-e meeting, the applicability to periodic reservations was discussed. There is one issue which needs clarification.  According to the agreements, re-evaluation is applied to the pre-selected resource(s) which is to be first time signaled. It means the pre-selected and already signaled resource(s) should not perform re-evaluation operations. The signaled resource(s) would be learned by the prior SCI either from the same TB or from different TBs. Considering periodic service, after performing resource (re)selection, for transmissions of the first TB, re-evaluation should be performed for all the upcoming transmission resources which are not signaled. For transmissions of the following TBs, the resources would not be re-evaluated except for reselected resources which are triggered by pre-emption and not signaled.
Observation 1: Re-evaluation is performed for the pre-selected but not signaled resources. Considering periodic service transmissions, after performing resource (re)selection:
· For transmissions of the first TB, re-evaluation should be performed for all the upcoming transmission resources of the first TB which are not signaled.
· For transmissions of the following TBs, the resources would not be re-evaluated except for reselected resources which are triggered by pre-emption and not signaled.
Remaining issues of pre-emption mechanism
In the current specification, pre-emption mechanism is defined to do the regular step1 for resource exclusion. When performing resource exclusion, if the ratio of remaining candidate resources is smaller than X%, SL-RSRP thresholds would be increased without limitation. After regular step1 is finished, a pre-selected resource may meet the pre-emption triggering condition and the remaining candidate resources would contain some resource(s) reserved by the higher priority UEs. If those resource(s) are re-selected by the lower priority UE, collision would happen if the reselecting time is 'm-T3'. The performance of higher priority transmission would be impacted, and the gain of pre-emption mechanism for higher priority UEs would be degraded.
Therefore, in order to guarantee the reliability of higher priority packet transmission, when performing the resource exclusion procedure, restrictions of SL-RSRP threshold increment should be configured. SL-RSRP threshold can be increased only for resource(s) reserved by lower priority packet transmission(s) which cannot trigger pre-emption operations. As a result, candidate resource(s) reserved by higher priority transmission would be excluded with potential higher probability while candidate resource(s) reserved by lower priority transmission would be would be excluded with potential lower probability.
Proposal 1: For pre-emption, when performing resource exclusion operations, restrictions of SL-RSRP threshold increment should be supported.
· Only for resource(s) reserved by lower priority packet transmission(s) which cannot trigger pre-emption operations, SL-RSRP threshold can be increased.
The following TP for Section 8.1.4 of TS 38.214 is proposed:
----------------------------------------------TP to TS 38.214 clause 8.1.4 starts------------------------------------------------
[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 >>>
7)	If the number of candidate single-slot resources remaining in the set  is smaller than , then:
a) for resource (re)selection except for pre-emption,   is increased by 3 dB for each priority value  and the procedure continues with step 4.
b) for pre-emption, parameter elements of  which correspond to priority  with  and  is increased by 3 dB and the procedure continues with step 4.
<<< UNCHANGED PARTS OMITTED >>>
-----------------------------------------------TP to TS 38.214 clause 8.1.4 ends------------------------------------------------
[bookmark: OLE_LINK116][bookmark: OLE_LINK117]Though power boosting for the higher priority UE and power reduction for the lower priority UE can help the pre-emption, the system performance may be deteriorated with the inaccurate sensing results. From the system level simulation results, it can be observed that without the power boosting or reduction, the pre-emption scheme can achieve the expected performance gain. The power boosting or reduction for pre-emption scheme should not be supported.
Proposal 2: The power boosting or reduction for the pre-emption scheme should not be supported.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK30][bookmark: OLE_LINK31]Remaining issues of resource (re-)selection restrictions
In RAN1 #99 meeting, the following agreements were achieved [2] for resource (re)selection related issues.
	Agreements:
· Support W to be equal to 32 slots



In RAN1 #100-e meeting, the distance in logical slots between  two selected consecutive resources for SL transmission is discussed but no consensus is achieved [1]:
	Attempt for proposal combined by FFS (no consensus):
· For a given resource selection, within a resource selection window, the distance in logical slots between two selected consecutive resources for SL transmission is less than 32 and larger than 0 
· FFS if the two selected consecutive resources are any two resources in a given selection, or the resources to be signaled in one SCI
· FFS if there are any exceptions and/or different handling to support backward signaling if it is agreed
· FFS how to handle exceptions such as resource not available due to preemption or congestion control, etc



In RAN1 #100-e meeting, the agreements of time resource assignment in SCI has been achieved as follows  [1]:
	Agreements:
· Time resource assignment in SCI uses an extended time domain RIV mechanism as follows:
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where
· N denotes the actual number of resources indicated
· Ti denotes i-th resource time offset
· for N=2,  
· for N=3, , 



In RAN1 101-e meeting, agreements are achieved as follows:
	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



	Working assumption: Agreements:
· The UE should/shall indicate 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



However, restrictions of maximum time gap for two consecutive selected resources is ambiguous in specification and should be discussed.
In LTE-V2X, maximum retransmission number is one and maximum time gap between initial transmission and retransmission is 15 logical subframes. Accordingly, the maximum time gap between initial transmission and retransmission which can be indicated in SCI format1 is 15 logical subframes.
In NR-V2X, maximum time gap which can be indicated in SCI format 1-A is 32 logical slots. When selecting two or more transmission resources, the maximum time gap between two consecutive selected resources should be limited to 32 logical slots explicitly. If the time gap between two consecutive transmissions is larger than 32 logical slots, the later transmission cannot be indicated by the prior SCI and other UEs cannot know the upcoming transmission. As a result, resource collision would happen.  
According to agreements in RAN1 #101e meeting, in Step 2, a UE shall select resources so that HARQ retransmission resources can be reserved by a prior SCI except for cases that no resource can be found for reservation and reservation is not available due to transmission drop. However, there is no description for the resource selection restrictions in the current specification of TS 38.321. Therefore, maximum time gap between two consecutive selected resources should be defined as 32 logical slots and captured in specification.
Proposal 3: When selecting two or more transmission resources for the same TB, restrictions should be specified that maximum time gap between two consecutive selected resources is 32 logical slots, except for cases that no resource can be found for reservation and reservation is not available due to transmission drop.
· It should be captured in specification.
· Send LS to RAN 2 to consider Text Proposal for TS 38.321 Section 5.22.1.1.
Non-monitored slot handling
In RAN1 #99 meeting, the following agreements were achieved [2]:Agreements:
· On a per resource pool basis, when reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is enabled: 
· A period is additionally signalled in SCI and the same reservation is applied with respect to resources indicated within NMAX within window W at subsequent periods
· A set of possible period values is the following: 0, [1:99], 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000 ms
· <= 4 bits are used in SCI to indicate a period
· An actual set of values is (pre-)configured


In RAN1 #100 meeting, the following agreements were achieved [1]:Agreements:
· On a per resource pool basis, when reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is enabled: 
· A set of possible period values additionally includes all integer values from 1 to 99 ms


In RAN1 #100-b-e meeting, periods for non-monitored slots handling is discussed but there is no consensus. Potential solutions are discussed as follows:
· Option 1: Do not change current procedure and apply all the periods configured for a UE
· Option 2: Change current procedure
· Option 2a: Exclude only based on the period used by the UE selecting the resources
· Option 2b: Do not apply this exclusion step
· Option 2c: Apply a different set of periods, e.g. a reduced sub-set or a separately configured set
In LTE-V2X, all configured periods for a resource pool is applied for the UE to perform skip subframe handling operations. In LTE-V2X, the primary services are the periodic ones such as BSM of V2V and the supported periods are [20, 50, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000]ms. Because no short-term sensing mechanism is introduced and the number of supported periods is limited, performance gain can be achieved by skip subframe handling with applying all available periods.
[bookmark: _GoBack]In NR-V2X, aiming to avoiding the potential collisions caused by the dynamic service transmission, short-term sensing of re-evaluation and pre-emption are specified. For one TB with multiple transmissions, potential collisions due to non-monitored slots can be avoided once a related SCI is decoded. Only for one TB with single transmission, there would be collision risk with other UEs. There are three collision cases as follows, assuming both resource (re)selection UE and one other UE perform single transmission for one TB.
· Case 1: Transmission period of resource (re)selection UE is equal to period of the other UE.
· Case 2: Transmission period of resource (re)selection UE is smaller than period of the other UE.
· Case 3: Transmission period of resource (re)selection UE is larger than period of  the other UE.


Fig.1 Case 1 of transmission overlapping in non-monitored slot
Considering case 1, as illustrated in Fig.1, if that the candidate resources related to the non-monitored slot cannot be excluded, once resource selection UE selects a resource overlapped with the other UE's transmission, the potential collision risk would be persistent. Therefore, the transmission period of resource (re)selection UE should be applied to perform skip slot handling.
Proposal 4: The reservation period of resource (re)selection UE should be supported to be applied in performing skip slot handling.


Fig.2 Case 2 of transmission overlapping in non-monitored slot
Considering case 2, if transmissions between two UEs are overlapped in the same slot within the sensing window, when resource selection UE determines a candidate resource which would potentially collide with the other UE's next TB transmission, the upcoming transmission overlapping would be sensed by the other UE performing pre-emption operations. As illustrated in Fig.2, transmissions is overlapped by UE1 and UE2 and period of UE1 is smaller than that of UE2. When SL_RESOURCE_RESELECTION_COUNTER is 0 and UE1 reselects a new resource which would collide with UE2's next transmission in the future, UE2 can sense the UE1's transmission by pre-emption operations. However, if UE2's next transmission is overlapped with UE1's resource selection window of UE1, there is potential collision risk of one time. The collision would be sensing by the other UE with a smaller period. Because there is randomization space of resource selection mechanism, for single transmission resource selection, probability of the potential one time collision is very low.
Case 3 is similar with case 2. The resource selection UE with a larger period would sense the next transmission of the other UE with a smaller period. There is also only one time collision risk with low probability or no collision risk. 
If the aforementioned low probability potential collision would be addressed, it needs applying all the configured periods to handle the skip slots. It would bring another serious issue. A lot of candidate resources would be excluded and most of the exclusion is unnecessary. If the number of available periods is large, the remaining candidate resources after excluding would be seriously interfered ones or even there is no available resources. Therefore, there is no obvious gain but performance loss if all the periods is applied in skip slot handling.
Another solution is to use a reduced sub-set or a separately configured set. It cannot ensure to avoid the aforementioned low probability collision but will bring some performance loss. 
Therefore, considering the trade-off between collision avoidance and potential performance loss, it should be supported to perform exclusion only based on the transmission period of resource selection UE.
Proposal 5: In non-monitored slot handling procedure, resource exclusion only based on UE's reservation period should be supported.
The following TP for Section 8.1.4 of  TS 38.214 is proposed:
----------------------------------------------TP to TS 38.214 clause 8.1.4 starts------------------------------------------------
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 >>>
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 the reservation periodicity value of the UE 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.
<<< UNCHANGED PARTS OMITTED >>>
-----------------------------------------------TP to TS 38.214 clause 8.1.4 ends------------------------------------------------
Backward indication in the resource reservation
In RAN1 #100-e meeting, the backward indication is discussed. Three options are provided to be down-selected as follows [1]:
	Agreements:
· Down-select in the next meeting one of the following options
· Option 1: There is no separate field in the first stage SCI indicating a resource index for the purpose of backward indication, i.e., backward indication is not supported
· Option 2: When periodic reservations are 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
· Option 3: When periodic reservations are 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



In RAN1 #100b-e meeting, issues of backward indication were discussed but no consensus was achieved. In RAN1 #101e meeting, issues of backward indication were not discussed.
In LTE-V2X, backward indication is supported. SCI of retransmission can indicate the time and frequency resource using the fields of "Retransmission index" and "Time gap between initial transmission and retransmission". 


(a)


(b)
Fig. 3: comparison of non-backward indication and backward indication
In NR-V2X, backward indication is also necessary. The maximum indicating resource number in one SCI is 2 or 3. If backward indication is not supported and a part of SCIs are failed in decoding, RX UEs cannot learn the reservation chain of multiple transmissions for the same TB. As illustrated in Fig.3(a), assuming Nmax is 3, if backward indication is not supported and PSCCHs of TX2 and TX3 are failed in decoding, TX4 would not be linked to TX1. While if backward indication is available, as illustrated in Fig.3(b), RX UE can learn the reservation relationship based on the backward indication in SCI of TX4. The reservation chain can be reconstructed and RX UE can perform operations of resource exclusion more accurately. Therefore, backward indication should be supported.
Proposal 6: Backward indication should be supported, in order to provide reservation information as enough as possible and make resource exclusion more accurate for the sensing UEs.
The other issue is to determine the payload of backward indication. When Nmax is 2, there are two cases of indicating the transmission in the future and the transmission in the past. 1 bit backward indication is enough. While if Nmax is 3, 1 bit is not enough. As discussed in RAN1 #100-b-e meeting, if backward indication is 1 bit for Nmax =3, UE can indicate two cases. One case is to indicate the current transmission resource as the first one in SCI. The other case is to indicate the current transmission as the second one in SCI. As a result, it is not enough to reconstructed the resource reservation chain. For instance, it cannot achieve the reservation chain reconstruction result as illustrated in Fig.3(b). Furthermore, comparing to 1bit backward indication, additional overhead of only 1 bit is acceptable because reservation gain can be achieved.
Proposal 7: Option 3 of backward indication should be supported and the payload should be ceil(log2(Nmax)).
The following TP for Section 8.3.1.1 of  TS 38.212 is proposed:
---------------------------------------------TP to TS 38.212 clause 8.3.1.1 starts-----------------------------------------------
<<< UNCHANGED PARTS OMITTED >>>
[bookmark: _Toc29326634][bookmark: _Toc29327784][bookmark: _Toc36045974][bookmark: _Toc36046234][bookmark: _Toc36046380][bookmark: _Toc45209297]8.3.1.1	SCI format 1-A
SCI format 1-A is used for the scheduling of PSSCH and 2nd-stage-SCI on PSSCH 
The following information is transmitted by means of the SCI format 1-A:
-	Priority – 3 bits as defined in clause 5.4.3.3 of [12, TS 23.287].
-	Frequency resource assignment – bits when the value of the higher layer parameter sl-MaxNumPerReserve is configured to 2; otherwise  bits when the value of the higher layer parameter sl-MaxNumPerReserve is configured to 3, as defined in clause 8.1.2.2 of [6, TS 38.214].
-	Time resource assignment – 5 bits when the value of the higher layer parameter sl-MaxNumPerReserve is configured to 2; otherwise 9 bits when the value of the higher layer parameter sl-MaxNumPerReserve is configured to 3, as defined in clause 8.1.2.1 of [6, TS 38.214].
-	Resource reservation period – bits as defined in clause 8.1.4 of [6, TS 38.214], where  is the number of entries in the higher layer parameter sl-ResourceReservePeriodList, if higher layer parameter sl-MultiReserveResource is configured; 0 bit otherwise.
-	DMRS pattern – bits as defined in clause 8.4.1.1.2 of [4, TS 38.211], where  is the number of DMRS patterns configured by higher layer parameter sl-PSSCH-DMRS-TimePatternList; 0 bit if sl-PSSCH-DMRS-TimePatternList is not configured.
-	2nd-stage SCI format – 2 bits as defined in Table 8.3.1.1-1.
-	Beta_offset indicator – 2 bits as provided by higher layer parameter sl-BetaOffsets2ndSCI and Table 8.3.1.1-2.
-	Number of DMRS port – 1 bit as defined in Table 8.3.1.1-3.
-	Modulation and coding scheme – 5 bits as defined in clause 8.1.3 of [6, TS 38.214].
-	Additional MCS table indicator – as defined in clause 8.1.3.1 of [6, TS 38.214]: 1 bit if one MCS table is configured by higher layer parameter sl-Additional-MCS-Table; 2 bits if two MCS tables are configured by higher layer parameter sl- Additional-MCS-Table; 0 bit otherwise.
-	PSFCH overhead indication – 1 bit as defined clause 8.1.3.2 of [6, TS 38.214] if higher layer parameter sl-PSFCH-Period = 2 or 4; 0 bit otherwise.
-    Backward indication –  bits as defined clause x.x.x.x of [6, TS 38.214], with the value   set to the higher layer parameter MaxNumPerReserve .
-	Reserved – a number of bits as determined by higher layer parameter sl-NumReservedBits, with value set to zero.
<<< UNCHANGED PARTS OMITTED >>>
----------------------------------------------TP to TS 38.212 clause 8.3.1.1 ends-----------------------------------------------
Conclusion
In this contribution, remaining issues of Mode 2 resource allocation mechanism in NR-V2X are discussed. Particularly, we have the following observations and proposals:
Observation 1: Re-evaluation is performed for the pre-selected but not signaled resources. Considering periodic service transmissions, after performing resource (re)selection:
· For transmissions of the first TB, re-evaluation should be performed for all the upcoming transmission resources of the first TB which are not signaled.
· For transmissions of the following TBs, the resources would not be re-evaluated except for reselected resources which are triggered by pre-emption and not signaled.
Proposal 1: For pre-emption, when performing resource exclusion operations, restrictions of SL-RSRP threshold increment should be supported.
· Only for resource(s) reserved by lower priority packet transmission(s) which cannot trigger pre-emption operations, SL-RSRP threshold can be increased.
Proposal 2: The power boosting or reduction for the pre-emption scheme should not be supported.
Proposal 3: When selecting two or more transmission resources for the same TB, restrictions should be specified that maximum time gap between two consecutive selected resources is 32 logical slots, except for cases that no resource can be found for reservation and reservation is not available due to transmission drop.
· It should be captured in specification.
· Send LS to RAN 2 to consider Text Proposal for TS 38.321 Section 5.22.1.1.
Proposal 4: The reservation period of resource (re)selection UE should be supported to be applied in performing skip slot handling.
Proposal 5: In non-monitored slot handling procedure, resource exclusion only based on UE's reservation period should be supported.
Proposal 6: Backward indication should be supported, in order to provide reservation information as enough as possible and make resource exclusion more accurate for the sensing UEs.
Proposal 7: Option 3 of backward indication should be supported and the payload should be ceil(log2(Nmax)).
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