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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In this contribution, we discuss some remaining aspects of mode 2 resource allocation in NR V2X, including the following topics: 
· Sensing and resource (re-)selection window 
· Sidelink resource (re-)selection and reservation procedure
2. [bookmark: _Ref20917016]Sensing and selection window 
The following agreements about sensing and selection window were achieved in the previous meeting.
	Agreements:
· For a given time instance n when resource (re-)selection and re-evaluation procedure is triggered 
· The resource selection window starts at time instance (n + T1), T1 ≥ 0 and ends at time instance (n + T2) 
· The start of selection window T1 is up to UE implementation subject to T1 ≤ Tproc,1
· T2 is up to UE implementation with the following details as a working assumption:
· T2 ≥ T2min
· If T2min > Remaining PDB, then T2min is modified to be equal to Remaining PDB
· FFS other details of T2min including whether the minimum window duration T2min - T1 is a function of priority
· UE selection of T2 shall fulfil the latency requirement, i.e. T2 ≤ Remaining PDB
· A sensing window is defined by time interval [n – T0, n – Tproc,0) 
· T0 is (pre-)configured, T0 > Tproc,0 FFS further details
· FFS, if Tproc,0 and Tproc,1 are defined separately or as a sum
· FFS relation of T3, Tproc,0, Tproc,1
· Time instances n, T0, T1, T2, T2min are measured in slots, FFS Tproc,0 and Tproc,1
· A UE is expected to select resources for all intended (re-)transmissions within the PDB, i.e. the number of intended (re-)transmissions is an input to the resource (re-)selection procedure


According to the email discussion, it was agreed that a sensing window is defined by time interval [n – T0, n – Tproc,0). UE is expected to identify the potential occupied resource in the near future based on sensing results obtained in sensing window. For above parameters, some details of the T0, Tproc,0, Tproc,1 and T3 should be further discussed. 
With regard to Tproc,0,, similar as in LTE, it can be a defined value in order to guarantee the accuracy of sensing measurement. For Tproc,1, it depends on the UE processing delay restriction for resource selection, which can be fixed in specification as well. Moreover, since Tproc,0 and Tproc,1 is related to UE processing time, it is preferred that Tproc,0 and Tproc,1 are defined in absolute time (i.e. Tc) where the value is depending on the SCS.  
[bookmark: _Ref24132289]Proposal 1: Tproc,0  and Tproc,1 are defined in absolute time (i.e. Tc), where the value is depending on the SCS. 
3. [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Sidelink resource (re-)selection and reservation procedure
The following agreements about resource reservation or (re-)selection were achieved in the previous meetings.
	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
Agreements:
· Support at least an initial transmission and reservation of the resource(s) for retransmission(s) to have the same number of sub-channels
· To down-select in the early week of RAN1#99 one of the following: 
· Alt. 1-1: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for retransmission(s) of a TB with a larger number of sub-channels, where PSSCH REs are occupied by 2nd stage SCI and by SCH 
· 1 bit indication is carried in 1st stage SCI to distinguish the single sub-channel
· TBS is determined based on number of sub-channels indicated for reserved resource(s)
· RV is determined based on explicit field in 2nd stage SCI (as agreed)
· Alt. 1-2: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for the initial transmission and possibly retransmission(s) of a TB with a larger number of sub-channels, where all available PSSCH REs in the single sub-channel PSCCH+PSSCH are occupied only by 2nd stage SCI 
· 1st stage SCI indicates that PSSCH REs are occupied by 2nd stage SCI
· Alt. 2: Do not support the different number of sub-channels between initial transmission and reservation of resource(s) for retransmission(s) 
· Alt 1 is not supported in this case
· Companies are encouraged to provide more analysis and evaluations for the above 3 alternatives
Agreements:
· In Step 1, when the ratio of identified candidate resources to the total number of resources in a resource selection window, is less than X%, all configured thresholds are increased by Y dB and the resource identification procedure is repeated
· FFS value(s)/configurability of X 
· At least one value of X=20
· Y=3
· FFS other conditions to stop RSRP threshold increment, if any
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
Agreements:
· 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



3.1. Re-evaluation for resource (re-)selection 
Based on the agreement for re-evaluation, a duration that the UE is not required to perform re-evaluation was agreed. However, it is more critical to define when the UE to perform the re-evaluation. The purpose of the re-evaluation is to judge whether the reserved resource needs to be re-selected or not, so only the re-evaluation right before the reservation signaling can make sense. Therefore, the following proposal is made.
[bookmark: _Ref32609395]Proposal 2: The re-evaluation of the (re-)selection procedure for a resource reservation signaled in a moment ‘m’ is required to be triggered no later than the slot located in the moment ‘m – T3’.
Regarding T3, it should take into account the sensing and resource reselection processing time. Therefore, T3 ≤ Tproc,0  + Tproc,1 , and determination of exact T3 value is up to UE implementation. 
[bookmark: _Ref32580140]Proposal 3: T3 ≤ Tproc,0  + Tproc,1 , and determination of T3 value is up to UE implementation. 
Furthermore, it was agreed to further study the condition to change resource(s) from previous iteration to resource(s) from current iteration based on re-evaluation procedure. Since the purpose of the re-evaluation is to judge the interference level on the selected resource(s), only when the selected resource(s) is severe interfered, the resource(s) will be re-selected, which means the newly selected resource(s) is less interfered than the resource(s) from previous iteration. Therefore, it is proposed that, the resource(s) from previous iteration is changed only when the resource(s) from previous iteration is not in candidate resource set of the new iteration of resource re-selection.
[bookmark: _Ref32580145]Proposal 4: Resource re-selection is triggered at the moment of resource re-evaluation, when the resource(s) from previous iteration is not in candidate resource set of a new iteration of resource re-selection.
3.2. Resource reservation for periodic resource reservation
According to the previous meeting, it has agreed that periodic resource reservation at least for different TB is enabled. In one period, the maximum number of transmissions for one TB is configured by higher layers. An issue is whether all resources reserved in one period should be reserved periodically or not. In our opinion, there is not necessary to periodically reserved all the resources. For HARQ based retransmission, the number of TB (re-)transmission between periods can be different, thus the periodically reserved resource may not be used, which results into resource waste. In order to trade-off between the resource utilization efficiency and probability of resource collision, we prefer that only part of transmission resource in a previous period is periodically reserved for transmissions in the following periods, if more resources are requisite for the TB transmissions in the following period, non-periodical resource reservation can be used to reserve more resources. Therefore, we propose that the maximum number of resources reserved periodically could be configured by higher layers. 
An example is illustrated as follows, in Figure 1, the maximum number of resource reserved periodically is configured as 4.

 
[bookmark: _Ref32582674][bookmark: _Ref32497643]Figure 1 An example of periodic resource reservation
[bookmark: _Ref32422813]Proposal 5: The maximum number of resources reserved per period is (pre-)configured by higher layer. 
3.3. Resource exclusion
It was agreed that the resource exclusion based on L1 SL-RSRP is supported in NR V2X, and the initial SL-RSRP threshold is associated with the priority indicated in the decoded SCI and the priority of the upcoming packet transmission. Furthermore, in RAN1 98bis meeting, it was agreed that when the ratio of identified candidate resources to the total number of resources in a resource selection window is less than X%, the configured RSRP thresholds should be increased by Y dB. Then, UE repeats the procedure of resource exclusion. In order to avoid severely congestion in the resource pool, the maximum RSRP threshold should be defined to stop the RSRP threshold increment. When the maximum RSRP threshold is reached and the candidate resource is less than X%, the RSRP threshold for resource exclusion should not increase any more. 
[bookmark: _Ref24023115]Proposal 6: For RSRP threshold increment in the procedure of candidate resource identification, the upper bound(s) of RSRP threshold should be restricted. 
3.4. Additional resource exclusion principle
As discussed above, it is possible that the RSRP threshold reaches the configured maximum value, but the candidate resource is still lower than X% resource. In this case, no resource can be identified, and empty resource set is reported to higher layers. However, it may introduce serious interference for this transmission, which may leads to packet loss for this packet. In our opinion, if the priority of this packet is configured, additional resource exclusion based on priority can be performed to possibly preempt the resources that have already been reserved for lower priority packets transmission by other UEs. Moreover, additional candidate resource could be selected to report to the higher layers. Therefore, we propose additional resource exclusion based on priority should be supported. 
[bookmark: _Ref24023119]Proposal 7: Additional procedure of candidate resource identification based on priority only once it reaches the upper bound of RSRP threshold should be supported.  

The following TP for TS 38.214 [1] is proposed:
	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  is increased by 3 dB for each priority value . and 
· If the value  is not larger than , procedure continues with step 4.
· Else, procedure continues with step 4 except the condition b) of step 6.  
Where  is the maximum value of RSRP configured by higher layer.



3.5. [bookmark: _Ref21800388][bookmark: OLE_LINK10][bookmark: OLE_LINK11]Pre-emption operation
Regarding to pre-emption operation, it has been agreed that 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. A further issue is the definition of the so-called ‘associated SL-RSRP threshold’.
As the ‘associated SL-RSRP threshold’ is for the judgement of whether to re-select the pre-empted resource(s), it should ensure that the pre-empted resource(s) will not be re-selected in the following resource re-selection procedure. Therefore, ‘associated SL-RSRP threshold’ should be large enough to guarantee that the pre-empted resource is not in the candidate resource set during the resource re-selection procedure. 
[bookmark: _Ref32580117]Observation 1: Regarding pre-emption operation, if the ‘associated SL-RSRP threshold’ is small, the pre-empted resource may be re-selected.
[bookmark: _Ref32580161]Proposal 8: The ‘associated SL-RSRP threshold’ in pre-emption operation is the SL-RSRP threshold used to identify the candidate resource set in the resource re-selection procedure.
3.6. HARQ based resource re-selection
At the RAN1#98b meeting, it has been agreed that a UE is expected to select resources for all intended (re-)transmissions within the PDB, i.e. the number of intended (re-)transmissions is an input to the resource (re-)selection procedure. Regarding the number of intended retransmission, it is challenging to specify an exact value for it. UE implementation can decide the number of intended retransmissions of a given TB.
[bookmark: _Ref32580165]Proposal 9: The number of intended (re-)transmissions is an input to the resource (re-)selection procedure, which is determined by UE implementation.
For blind retransmission, it can be assumed that a UE intends to select all the (re-)transmission resources of a TB in a resource selection iteration. However, for HARQ based retransmission, the number of the (re-)transmission resources of a TB is not for sure, UE is not able to select all the (re-)transmission resources of a TB in a resource selection iteration, therefore, it is proposed that a new iteration of resource selection for a given TB can be triggered by DTX/NACK status received from the RX UE.
[bookmark: _Ref32580170]Proposal 10: Resource selection for a given TB can be triggered by DTX/NACK status received from RX UE. 
Moreover, for the periodical TB transmission, consecutive packet loss may occur, which will severely degrade the service QoS. Therefore, if the consecutive packet loss can be detected by TX UE, e.g., via detection of HARQ feedback, resource reselection can be triggered.  
[bookmark: _Ref32580175]Proposal 11: Resource selection can be triggered, if consecutive packet loss occur is detected by TX UE, e.g., via detection of HARQ feedback. 
3.7. Use of CSI in resource (re-)selection procedure
At the RAN1#99 meeting, it was proposed to further study whether CSI can be used for resources selection. CSI feedback is beneficial for transmission parameter selection including determination of the transmission MCS. Which can assist TX UE to further determine the resource size for the current TB transmission. However, this can be performed by UE implementation, it is not necessary to specify resource selection behavior regarding CSI feedback.
Regarding effective use of CSI, it is beneficial to allow TX UE to change resource size for adaptive re-transmission, e.g., when channel condition is bad, the resource size of the current TB re-transmission can be enlarged. From specification perspective, a TX UE should be allowed to trigger resource re-selection when receiving CSI feedback from RX UE. Therefore, the following proposal is made.
[bookmark: _Ref32580180]Proposal 12: Resource (re-)selection is triggered, when TX UE receives CSI feedback from RX UE. 
3.8. Remaining issue for aperiodic resource allocation
One remaining issue of the current specification is that the resource allocation for aperiodic allocation is missing. The following TP is proposed to address this issue.
The following TP for TS 38.214 [1] is proposed:
	TS 38.214
8.1.2.1	Resource allocation in time domain
<Unchanged parts omitted>
In sidelink resource allocation mode 2: 
For the SCI format 0_1 transmitted on the PSCCH resource in slot , the set of slots for the corresponding PSSCH are determined according to the value STIV determined by “Time resource assignment” field. 
-	If the value STIV is equal to 0, the time resource for the corresponding PSSCH are in slot   .
[bookmark: _GoBack]-	elseif the value STIV is less than 32, UE reserves one resource, the time gap between reserved resource and slot  gap 1 determined from the sidelink time indicator value STIV: 
-	The time resource for the reserved PSSCH are in slot , where gap 1 is equal to STIV.
-	elseif the value STIV is larger than 32 and less than 497, UE reserves two resources, the time gap gap 1 between first reserved resource and slot  and the time gap gap 2 between the second reserved resource and slot  are determined from the sidelink time indicator value STIV:
-	The time resource for the first reserved PSSCH are in slot   
-	The time resource for the second reserved PSSCH are in slot 
Where gap1 and gap2 determined from the sidelink time indicator value STIV:
+gap1+32


The following TP for TS 38.213 [2] is proposed:
	TS 38.213
16.4	UE procedure for transmitting PSCCH 
A UE can be provided a number of symbols in a resource pool, by timeResourcePSCCH, starting from a second symbol that is available for SL transmissions in a slot, and a number of PRBs in the resource pool, by frequencyResourcePSCCH, for a PSCCH transmission with a SCI format 0_1.
If the configured sidelink grant from higher layer indicates the PSCCH resource in slot , one transmission of PSCCH is in the indicated resource m (described in TS 38.214) in slot .
-	If “Time resource assignment” in the configured sidelink grant reserves one resource, another transmission of PSCCH is in the PSCCH resource  in slot  where gap1 is the value determined by “Time resource assignment” field in the configured sidelink grant,  corresponds to value  determined by “Frequency resource assignment” field according to the procedure in TS 38.214. If the “Time resource assignment” in the configured sidelink grant reserves two resources, the first reserved transmission of PSCCH is in the PSCCH resource  in slot  , and the second reserved transmission of PSCCH is in the PSCCH resource   in slot , where gap1 and gap2 are values determined by “Time resource assignment” field in the configured sidelink grant,  corresponds to value  and  corresponds to value determined by “Frequency resource assignment” field according to the procedure in TS 38.214.
The UE shall set the contents of the SCI format 0_1 as follows:
-	the UE shall set the “Modulation and coding scheme” as indicated by higher layers.
-	the UE shall set the "Priority" field according to the highest priority among those priority(s) indicated by higher layers corresponding to the transport block.
-	the UE shall set the Time gap between the reserved resource(s) and the PSCCH field,  the Frequency resource location of reserved resource(s) field, and according to TS38.214 in accordance with the PSSCH resource allocation indicated by the configured sidelink grant.
-	the UE shall set the “Resource reservation period” field according to a table configured by higher layer parameter  based on indicated value X, where X is equal to the Resource reservation interval provided by higher layers.



4. Conclusion
In this contribution, overview and discussion on NR V2X resource allocation are provided. Some observations are as following:
Observation 1: Regarding pre-emption operation, if the ‘associated SL-RSRP threshold’ is small, the pre-empted resource may be re-selected.

Based on the discussion, we have the following proposals: 
Proposal 1: Tproc,0  and Tproc,1 are defined in absolute time (i.e. Tc), where the value is depending on the SCS.
Proposal 2: The re-evaluation of the (re-)selection procedure for a resource reservation signalled in a moment ‘m’ is required to be triggered no later than the slot located in the moment ‘m – T3’.
Proposal 3: T3 ≤ Tproc,0  + Tproc,1 , and determination of T3 value is up to UE implementation.
Proposal 4: Resource re-selection is triggered at the moment of resource re-evaluation, when the resource(s) from previous iteration is not in candidate resource set of a new iteration of resource re-selection.
Proposal 5: The maximum number of resources reserved per period is (pre-)configured by higher layer.
Proposal 6: For RSRP threshold increment in the procedure of candidate resource identification, the upper bound(s) of RSRP threshold should be restricted.
Proposal 7: Additional procedure of candidate resource identification based on priority only once it reaches the upper bound of RSRP threshold should be supported.
Proposal 8: The ‘associated SL-RSRP threshold’ in pre-emption operation is the SL-RSRP threshold used to identify the candidate resource set in the resource re-selection procedure.
Proposal 9: The number of intended (re-)transmissions is an input to the resource (re-)selection procedure, which is determined by UE implementation.
Proposal 10: Resource selection for a given TB can be triggered by DTX/NACK status received from RX UE.
Proposal 11: Resource selection can be triggered, if consecutive packet loss occur is detected by TX UE, e.g., via detection of HARQ feedback. 
Proposal 12: Resource (re-)selection is triggered, when TX UE receives CSI feedback from RX UE.
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