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In RAN #86, the following issues were discussed and identified as remaining open issues for Mode 2 Resource allocation to be addressed [1] in RAN1 #100:
	Category
	Remaining issue in RAN1
	RAN2 impact

	Mode 2 
Resource Allocation
	C1
	Details of T1, T2, T3 in the sensing and resource (re-)selection window
	No

	
	C2
	Details on resource selection from the identified candidate resources within the selection window for blind and HARQ feedback-based (re)transmission
	No

	
	C3
	Remaining details of pre-emption
	Depends on the outcome of RAN1 discussion

	
	C4
	Remaining details of re-evaluation of Step 1 and Step 2
	No



In RAN1 #100b, following are agreed regarding the remaining issues on Mode 2 resource allocation for NR V2X [5]:
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:
· The procedure to check whether a reserved resource to be signaled in slot ‘m’ should be re-selected due to pre-emption:
· A regular Step 1 (as in 8.1.4 in 38.214) of the resource (re-)selection procedure is performed 
· If the reserved resource is still in the identified candidate resource set after the Step 1 execution, then Step 2 for reselection of the reserved resource(s) is not triggered
· If the reserved resource is NOT in the identified candidate resource set after the Step 1 execution
· If the resource is excluded by comparison with the RSRP measurement for an SCI associated with a priority which can trigger pre-emption, then Step 2 for reselection of the reserved resource(s) is triggered
· If the resource is excluded by comparison with the RSRP measurement for an SCI associated with a priority which cannot trigger pre-emption, then Step 2 for reselection of the reserved resource(s) is not triggered
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

Agreements: Finalize the RRC parameter for pre-emption activation per resource pool by
· Disabled
· Enabled. Default is without a priority level (i.e., pre-emption is applicable to all levels). 
· Can optionally configuring a priority level p_preemption {1…8} (the value range is a working assumption), and (as a working assumption regarding “<”) if prioRX < p_preemption, and prioTX > prioRX, then pre-emption can be triggered 
· Note: In the inequalities it is assumed that the lowest priority value corresponds to the highest priority/importance traffic
· prioRX is the priority associated with the resource indicated in SCI, as per 8.1.4 in 38.214
· prioTX is L1 priority within a UE associated with the reserved resources, as per 8.1.4 in 38.214
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:
· 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
Conclusion:
· Prioritization of earlier resources for the initial resource selection is not specified in Rel-16
· No additional spec update is expected
In this contribution, we propose the remaining details of NR sidelink resource allocation schemes for mode 2.
Discussion

Reusing HARQ retransmission resource
When the Tx UE reserves HARQ feedback-based PSSCH retransmission, the reserved HARQ re-transmission resource can be used by Tx, Rx, or other UEs when HARQ ACK is received. If the reserved resource is used by the Tx or Rx UE only, the resource can be wasted, since in most cases, e.g., 90%, HARQ ACK is received and the Tx or Rx UEs may have empty buffer so that there is no data to send in the released resource. Therefore, to increase resource utilization of the released resource efficiently, other UEs in the coverage of the Rx UE should be allowed to reuse the released resource if it detects HARQ ACK from the Rx UE.
In the following, system level simulations were conducted to evaluate the system performance based on the usage of the released resource by other UEs. Sidelink unicast is assumed in the simulation and details of simulation parameters are described in Table 1 in Appendix. The following three HARQ transmission schemes were evaluated:
· No HARQ scheme: Initial transmission followed by blind retransmission. Initial transmission resource based on long term sensing.
· HARQ without reuse: Initial transmission followed by HARQ (NACK) based re-transmission. Both initial transmission resource and HARQ retransmission resource are selected based on long term sensing. Retransmission on HARQ retransmission resource occurs if NACK is received by transmitter. In case of ACK, there is no retransmission, and the reserved HARQ resource goes unused.
· HARQ with reuse: Initial transmission followed by HARQ (NACK) based re-transmission: Both initial transmission resource and HARQ retransmission resource are selected based on long term sensing. Retransmission on HARQ retransmission resource if NACK is received by the transmitter. In case of ACK, there is no retransmission, and the reserved HARQ resource is freed up and available for use by other UEs who received the resource reservation message and HARQ ACK 
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Figure 1: Performance of HARQ transmission schemes where the periodic of the traffic is 30ms.
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Figure 2: Performance of HARQ transmission schemes where the periodic of the traffic is 30ms.
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Figure 3: Performance of HARQ transmission schemes where the periodic of the traffic is 30ms.
Figures 1, 2, and 3 show the performance of three HARQ transmission schemes in the Urban scenario, when the periodic of the traffic are 30, 20, and 10ms, respectively. It can be observed from the figures that, the HARQ with reuse scheme performs the best and the performance gap between the HARQ reuse scheme and other schemes increases as the distance index increases. Moreover, HARQ with reuse can achieve up to 5% PRR gain compare to the HARQ without reuse scheme and 20% compare to the no HARQ scheme. It is because allowing the other UEs to reuse the reserved HARQ resource can increase the spectrum efficiency of the system and reduce the collision.
Observation 1: Significant PRR gain is obtained when reserved HARQ resource is reused by other UEs.
Proposal 1: The reserved HARQ retransmission resource can be reused by other UEs based on HARQ-ACK detection.
Resource (re-)selection procedure
RAN1 agreed that when the candidate resource is smaller than X% of the total resource, the RSRP thresholds are increased by 3dB and the remaining issue is whether to support the stop of RSRP threshold increment. From our perspective, it is necessary to restrict the RSRP threshold increment. It is because when the RSRP threshold is high enough, it illustrates that the excluded resources are occupied by the high priority transmissions or the nearby UEs. Not restricting the RSRP threshold increment may result in the high possibility of selecting the resources reserved by nearby UEs or the high priority transmission as a consequence it may result in a high collision probability. 
To alleviate the issue, a maximum number of RSRP threshold increment should be configured and if the maximum RSRP threshold increment is reached, the UE can select the transmission resource from the candidate ones even the set of candidate resources is smaller than X% of the total resource.
Proposal 2: Support the maximum number of RSRP threshold increment.
Proposal 3: The UE selects the transmission resource from the candidate resources when RSRP threshold increment is greater than a configured value.

Resource (re-)evaluation 
In the last meetings, RAN1 agreed that the UE performs Step 1 of resource re-evaluation at least at moment m-T3 and it is up to UE implementation whether to perform resource re-evaluation before or after m-T3. The remaining issue is whether to mandate the UE to perform Step 1 of resource re-evaluation in every slot. Performing Step 1 in every slot requires extensive UE processing. Moreover, the re-evaluation will not provide much benefit in non-congested resource pool or high PDB TBs. UE implementation can decide when to perform Step 1 check if necessary. 
Proposal 4: It is up to UE implementation when to trigger Step 1 of resource re-evaluation. 

It was agreed that the UE is required to evaluate a selected resource at least slot ‘m-T3’ before its reservation is signaled at slot ‘m’. However, if the time gap between slot ‘m’ and the maximum delay slot is small, the UE may not be able to select resource(s) for transmission. In this case, it is necessary to allow UE not to trigger re-evaluation. The maximum delay slot is the last possible transmission slot the UE can make for the TB to guarantee that TB reception of the TB is within the packet delay budget.  
Proposal 5: The UE is not required to perform re-evaluation for resource reservation signaled at slot ‘m’ if the time gap between slot ‘m’ and the maximum delay slot is small.
In RAN1 #100bis, the following was agreed for resource re-evaluation:
	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



In RAN1 #100, we agreed that the UE is required to ensure HARQ RTT between any two selected resources for HARQ feedback based TB transmission. Therefore, if there is no resources satisfying the timing restriction, the UE has the following options:
· Option 1: Reusing the pre-selected resource
· Option 2: Dropping the transmission on the resource to be reselected
Option 1 causes the collision with other transmission and it will result in transmission failure of both transmissions. Therefore, adopting this option may cause the more congestion in the resource pool. On the other hand, option 2 is simpler and it does not increase congestion level in the resource pool. Therefore, we support the option 2.  
Proposal 6: For resource re-evaluation, the UE drops the transmission on the resource to be reselected if there is no resources satisfying the timing restrictions in the identified resource set after Step 1. 
Pre-emption
In RAN1 #100bis, the following was agreed for pre-emption:
	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




Similar to resource re-evaluation, it is not desirable for the UE to use the pre-empted resource due to potential collision with the pre-empting transmission. Therefore, if timing restriction could not be met, the UE needs to drops the transmission on the resource to be reselected.
Proposal 7: For pre-emption, the UE drops the transmission on the resource to be reselected if timing restriction could not be met.
When a resource with periodic reservations needs to be reselected due to pre-emption, one remaining issue is whether to reselect the periodic reserved resources. In RAN1 #98bis, it was agreed that only the overlapped resource is reselected. If the resource is pre-empted by a dynamic reservation, the periodic reserved resources are not overlapped; therefore, it should not be reselected. 
We now discuss the case when the resource is pre-empted by a periodic reservation. If the reservation period of the pre-empted UE is a multiple of the reservation period of the pre-empting UE, all the periodic reserved resources of the pre-empted UE are overlapped. Otherwise, some of the periodic reserved resources are overlapped. Therefore, the UE may need to perform resource re-selection in all or some of the reservation periods if the periodic reserved resources are not reselected. This behavior is not desirable since it requires higher UE processing. Instead, the UE should reselect all the periodic reserved resources in this case.
Proposal 8: For resource re-selection of a (pre-)empted resource with periodic reservations
· If the resource is pre-empted by a dynamic reservation, the UE reselects the (pre-)empted resource only.    
· If the the resource is pre-empted by a periodic reservation, the UE reselects all the periodic reserved resources
Resource exclusion
In the last meetings, it was discussed whether all configured period values or only  is used for resource exclusion regarding the non-monitoring slots. NR V2X supports the periodicity from 1 to 99 ms. If all period values are considered for resource exclusion, it is possible that the UE is not able to find any available slots and resource selection may fail. Therefore, only  should be used for resource exclusion.
Proposal 9: For the resource exclusion procedure, the UE only excludes the period  to be indicated in the SCI of the TB.
Conclusion
In this contribution, we discussed on the remaining issues for Mode 2 resource allocation for NR V2X. Based on the discussions, we propose the following:
Proposal 1: The reserved HARQ retransmission resource can be reused by other UEs based on HARQ-ACK detection.
Proposal 2: Support the maximum number of RSRP threshold increment.
Proposal 3: The UE selects the transmission resource from the candidate resources when RSRP threshold increment is greater than a configured value.
Proposal 4: It is up to UE implementation when to trigger Step 1 of resource re-evaluation. 
Proposal 5: The UE is not required to perform re-evaluation for resource reservation signaled at slot ‘m’ if the time gap between slot ‘m’ and the maximum delay slot is small.
Proposal 6: For resource re-evaluation, the UE drops the transmission on the resource to be reselected if there is no resources satisfying the timing restrictions in the identified resource set after Step 1. 
Proposal 7: For pre-emption, the UE drops the transmission on the resource to be reselected if timing restriction could not be met.
Proposal 8: For resource re-selection of a (pre-)empted resource with periodic reservations
· If the resource is pre-empted by a dynamic reservation, the UE reselects the (pre-)empted resource only.    
· If the the resource is pre-empted by a periodic reservation, the UE reselects all the periodic reserved resources
Proposal 9: For the resource exclusion procedure, the UE only excludes the period  to be indicated in the SCI of the TB.
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Appendix
Table 1: Simulation assumption for HARQ feedback for unicast
	Parameter
	Value

	Carrier frequency
	6 GHz

	Bandwidth
	20 MHz

	Sub-channel size
	32 RBs

	Sub-carrier spacing
	15 kHz

	TX/Rx Antennas
	2 Tx/2 Rx

	Scenario
	Urban

	Traffic model
	Periodic: Medium intensity (Model 2), 10/20/30 ms inter-packet arrival, 50% vehicles generate packets.

	SCI/Data resource multiplexing
	Same slot SCI and Data transmission with Option 3 multiplexing scheme

	SCI/Data frequency resource allocation
	PSCCH: 5 PRB
PSSCH: 32 PRB

	SCI/Data time resource allocation
	PSCCH: 2 Symbols
PSSCH: 10 Symbols (no PSFCH in slot)
             : 9 symbols (PSFCH in same slot)

	Overhead (for both PSSCH and PSCCH)
	4/14 (GP, DMRS, AGC)

	Sensing and resource selection 
	Mode 2 based on long term sensing procedure (as specified for LTE mode 4)

	Sensing distance (dsensing) 
	700 m

	Unicast session distance
	500 m for Highway
150m for Urban Grid

	Data packet Tx parameters
	Periodic:
800 bytes 16-QAM (CR 0.42/0.48)
1200 bytes: 16 QAM (CR 0.64) / 64-QAM (CR 0.5) 

	Fixed or maximum number of retransmissions (without/with HARQ feedback, respectively)
	1
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