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[bookmark: _Introduction]Introduction
In RAN 1 #100b-e meeting, the following conclusions on mode 2 resource allocation for NR V2X were reached.
	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, is performed at the moment ‘m-T3’ as follows:
· 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
· E.g., in case the identified candidate set after Step 1 does not include a number of resources, equal to the targeted number of re-transmissions, that can be reserved by a prior SCI for a retransmission of a TB, the re-transmission can be transmitted on a resource that is not reserved
· To discuss and conclude “should vs. shall” in RAN1#101
Working assumption:
· The UE should/shall indicate first in time 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


Based on the above conclusions, more details of resource allocation in mode 2 should be discussed and determined. This contribution addresses the remaining issues of resource allocation in mode 2.
Step 1 checking for re-evaluation
In RAN1 #100b-e meeting, some companies suggested to mandate the Step 1 check for re-evaluation in every slot. If a UE performs step 1 checking in every slot, it is required to have high processing capability and higher implementation complexity. Therefore, it is suggested that a UE is not mandated to perform Step 1 check for re-evaluation in every slot.
[bookmark: _Ref40360421][bookmark: _Toc40389349]V2X UE is not mandated to perform Step 1 check for re-evaluation in every slot.
Processing time
In the [98bis-NR-16] e-mail discussion, there are the following conclusions about Tproc,0, Tproc,1 and T3.
· For a given time instance n when resource (re-)selection and re-evaluation procedure is triggered 
· A sensing window is defined by time interval [n – T0, n – Tproc,0) 
· FFS, if Tproc,0 and Tproc,1 are defined separately or as a sum 
· Time instances n, T0, T1, T2, T2min are measured in slots, FFS Tproc,0 and Tproc,1
· 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
0. Sensing window
In the section 8.1.4 of 38.214, it is described that “The sensing window is defined by the range of slots [) where  is defined above and  is TBD.” For this cited statement from 38.214, we think  is a typo, and should be changed into . In addition, it is suggested that  is up to UE implementation.
	[bookmark: _Toc20051][bookmark: _Toc1834][bookmark: _Toc12244][bookmark: _Toc37366004][bookmark: _Ref40360615]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
...
The following steps are used:
...
2）The sensing window is defined by the range of slots [) where  is defined above and  is TBD is up to UE implementation. The UE shall monitor slots which can belong to a sidelink resource pool within the sensing window except for those in which its own transmissions occur. The UE shall perform the behaviour in the following steps based on PSCCH decoded and RSRP measured in these slots.
...


[bookmark: _Toc40389350]To adopt following TP for correction in TS 38.214 section 8.1.4.
0. Resource (re)selection window
It is our understanding that  includes three kinds of processing delays for PSSCH preparation, resource selection and slot boundary alignment, as shown in Figure 3-1.
PUSCH preparation time N2 is defined as the interval between the last symbol of DCI and the first symbol of PUSCH, as shown in Table 3-1. For simplicity, it is suggested that N2 in Table 3-1 can be reused for the processing time of PSSCH preparation.
Table 3-1: PUSCH preparation time for PUSCH timing capability 1
	

	PUSCH preparation time N2 [symbols]

	0
	10

	1
	12

	2
	23

	3
	36


As for slot boundary alignment, 1 slot is needed as seen in Figure 3-1. In addition, it is suggested to introduce one more slot for resource selection. Based on the above discussion, values of  are defined as Table 3-2.


Figure 3-1 Processing delay for 
Table 3-2: Recommended values for  
	SCS, kHz
	PSSCH preparation(slots)
	Resource selection(slots)
	Sot boundary alignment(slots)
	Tproc,1, slots

	15
	1
	1
	1
	3

	30
	1
	1
	1
	3

	60
	2
	1
	1
	4

	120
	3
	1
	1
	5


[bookmark: _Toc40389351][bookmark: _Toc37366005][bookmark: _Ref40360680][bookmark: _Ref40360683]In TS 38.214 section 8.1.4, the following text should be added:
· [bookmark: _Toc21901][bookmark: _Toc37366006][bookmark: _Toc26457][bookmark: _Toc20652][bookmark: _Toc40389352]Tproc,1 is 3, 3, 4, 5 slots respectively for µ = 0,1,2,3 , where µ = 0,1,2,3 for SCS 15, 30, 60, 120 respectively.
0. Processing time T3
It is suggested that T3 includes the following processing time:
· Decoding of 1st stage SCIs
· PSSCH cancellation(or PSSCH preparation)
· Resource selection
· Sot boundary alignment
Considering that the PUSCH preparation time is greater than the PUSCH cancellation time, we obtain T3 according to the processing time of PUSCH preparation and three others. More specifically, N2 in Table 3-1 can be reused for the time sum of decoding of 1st stage SCIs and PSSCH preparation, and the processing delay of resource selection and slot boundary alignment can be obtained from Table 3-2. Therefore, it is suggested that T3 and  have the same value.
[bookmark: _Toc40389353][bookmark: _Toc37366007]In TS 38.214 section 8.1.4, the following text should be added:
· [bookmark: _Toc4603][bookmark: _Toc486][bookmark: _Toc7882][bookmark: _Toc37366008][bookmark: _Toc40389354]T3 is 3, 3, 4, 5 slots respectively for µ = 0,1,2,3, where µ = 0,1,2,3 for SCS 15, 30, 60, 120 respectively.
Step 1 aspects
[bookmark: _4.1_Maximum_RSRP]4.1 Maximum RSRP threshold
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. Under the condition that ratio of identified candidate resources is less than X%, if the threshold used for resources exclusion is growing all the time without additional condition to stop its increment, this may result in a extremely high RSRP threshold. This means that the mutual interference between the sensing UE and other TX UE(s) will be very strong on the identified candidate resources. If the sensing UE performs V2X transmission on the strongly interfered resources, it is possible that transmissions of both the sending UE and other TX UE(s) cannot be received correctly. Therefore, additional conditions should be introduced to stop RSRP threshold increment. When the RSRP threshold used for resources exclusion exceeds a maximum RSRP threshold, the RSRP threshold increment should be stopped. 
[bookmark: _Toc24040192][bookmark: _Toc4652][bookmark: _Toc40389355]In Step 1, the RSRP threshold increment should be stopped if the RSRP threshold used for resource exclusion exceeds a maximum RSRP threshold.
4.2 RSRP threshold determination 
In section 8.1.4 of TS 38.214, it is described that the internal parameter  is set to the corresponding value from higher layer parameter SL-ThresRSRP_pi_pj. It is suggested that RSRP threshold  shoud be replaced by . In addition, it is found that the higher layer parameter SL-ThresRSRP_pi_pj does not exist in the latest 38.331 protocol. Thus, it is nature that RSRP threshold  should be obtained by the higher layer parameter SL-ThresPSSCH-RSRP. With reference to the latest 36.214 protocol, it is suggested that  is set to the corresponding value indicated by the k-th SL-ThresPSSCH-RSRP field from higher layer parameter SL-ThresPSSCH-RSRP-List, where .
	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
......
The following steps are used:
......
3) The internal parameter   is set to the corresponding value indicated by the k-th SL-ThresPSSCH-RSRP field from higher layer parameter SL-ThresRSRP_pi_pj SL-ThresPSSCH-RSRP-List for equal to the given value of  and each priority value , where .
......


[bookmark: _Toc40389356]To adopt following TP in TS 38.214 section 8.1.4.
4.3 Additional handling of reserved but unused resources
In this section, we discuss on whether or not released resource(s) of feedback-based PSSCH retransmissions of the transmitting UE should be used by the receiver UE(s) and other UEs. In RAN1 #97 meeting, it is agreed that no additional signaling is defined for the purpose of release of unused resources release. If the receiver UE(s) and other UE(s) want to use released resources of feedback-based PSSCH retransmissions, one solution is that these UEs judge whether or not the resource(s) of feedback-based PSSCH retransmissions is released by HARQ feedback from receiver UE(s). However, it makes the sensing process more complicated if the sensing user determine the occupancy of resources in the resource window by HARQ feedback from receiver UE(s). In addition, the intention for the receiver UE(s) and other UE(s) to reuse released resources of feedback-based PSSCH retransmissions is to avoid waste of resources. Due to errors in PSFCH detection, other UE(s) may incorrectly occupy feedback-based PSSCH retransmissions resource(s) not being released by the transmitting UE. This will lead to mutual interference between the transmitting UE and the receiver/other UE(s), and V2X communication on resources for feedback-based PSSCH retransmissions becomes unreliable. Therefore, it is suggested that the sensing and resource selection procedures for other UEs are not impacted by the HARQ feedback information from both the receiver UE(s) and other UE(s).
[bookmark: _Toc40389357]Do not support additional handling of reserved but unused resources.
Backward indication 
In RAN1 #100b-e meeting, the backward indication mechanism was discussed without reaching any agreement. In this section, we analyze whether it is necessary to introduce backward indication mechanism.
· The backward indication mechanism uses additional 1~2 bits in the 1st-stage SCI to translate the forward resource indices to backward ones. Whenever the past resources are indicated, the capability to indicate the future resource reservation is reduced, which is bad to sensing and more prone to resource conflicts. To avoid this problem, it was argued that the backward indication is mainly used in the SCI corresponding to the last transmission of a TB. However, at the time of constructing the SCI field associated with a re-transmission, the Tx UE does not know whether the re-transmission is the last one or not unless the re-transmission reaches the maximum number of transmissions. So the backward indication field either stays in SCI for non-last re-transmissions but represents nothing, or only presents in SCI for the last re-transmission but needs extra mechanism to help both Tx UE and Rx UE to indicate/identify the “last transmission”. 
· For backward indication mechanism, it seems that an Rx UE can perform HARQ combining for a PSSCH associated with a missed PSCCH. However, NR V2X supports up to 32 transmissions for a TB, thus the expected benefit of additional HARQ combining based on backward indication is expected very limited. It should be also noted that RAN1 did not agree yet to support HARQ combining with a PSSCH whose associated PSCCH is not received correctly. UE implementation complexity (due to storage of slots in history) would be another concern if HARQ combining for a PSSCH associated with a missed PSCCH is supported.
One simulation evaluation is run to examine the performance of backward indication mechanism, where certain simulation assumptions are set in a way in favor of backward indication. To be more specific, 
· It is a common understanding that the benefit of backward indication mechanism becomes smaller as the number of transmissions of a TB increases. Therefore, our evaluation tries to set the maximum number of transmissions for a TB to 2 and 3. The SCI indication for different re-Tx is shown in table below. 
	
	1st Tx
	2nd Tx
	3rd Tx

	Max number of Tx for a TB=2
	SCI indicates resource for:
Current Tx, one future Tx 
	SCI indicates resource for:
One past Tx, current Tx,
	N/A

	Max number of Tx for a TB=3
	SCI indicates resource for:
Current Tx, two future Tx
	SCI indicates resource for:
One past Tx, current Tx, one future Tx
	SCI indicates resource for:
Two past Tx, current Tx,


· In our simulation, the performance degradation of 1st-stage SCI due to the extra bit overhead for backward indication is not counted. 
More detailed simulation assumptions can be found in the appendix.
[image: ][image: ]
Figure 5 SLS simulation results for backward indication
As shown in Figure 5, the PRR performance gap between using the backward-indication and using forward-indication only is no larger than 0.005, which is generally negligible. This tiny gain can hardly justify the SCI overhead and specification complexity. It should be noted that the performance gap observed in our evaluation is within the same scale as performance gap observed in [5]. 
[bookmark: _Toc37366009][bookmark: _Toc610][bookmark: _Toc40389358]Backward indication is not supported in Rel-16.
Conclusion
This paper discusses remaining issues of resource allocation in mode 2, including re-evaluation, processing time, step 1 aspects, backward indication and etc. Based on these discussions, we have the following proposals.
Proposal 1:	V2X UE is not mandated to perform Step 1 check for re-evaluation in every slot.
	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
...
The following steps are used:
...
2）The sensing window is defined by the range of slots [) where  is defined above and  is TBD is up to UE implementation. The UE shall monitor slots which can belong to a sidelink resource pool within the sensing window except for those in which its own transmissions occur. The UE shall perform the behaviour in the following steps based on PSCCH decoded and RSRP measured in these slots.
...


Proposal 2:	To adopt following TP for correction in TS 38.214 section 8.1.4.

Proposal 3:	In TS 38.214 section 8.1.4, the following text should be added:
	Tproc,1 is 3, 3, 4, 5 slots respectively for µ = 0,1,2,3 , where µ = 0,1,2,3 for SCS 15, 30, 60, 120 respectively.
Proposal 4:	In TS 38.214 section 8.1.4, the following text should be added:
	T3 is 3, 3, 4, 5 slots respectively for µ = 0,1,2,3, where µ = 0,1,2,3 for SCS 15, 30, 60, 120 respectively.
Proposal 5:	In Step 1, the RSRP threshold increment should be stopped if the RSRP threshold used for resource exclusion exceeds a maximum RSRP threshold.
Proposal 6:	To adopt following TP in TS 38.214 section 8.1.4.
	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
......
The following steps are used:
......
3) The internal parameter   is set to the corresponding value indicated by the k-th SL-ThresPSSCH-RSRP field from higher layer parameter SL-ThresRSRP_pi_pj SL-ThresPSSCH-RSRP-List for equal to the given value of  and each priority value , where .
......



Proposal 7:	Do not support additional handling of reserved but unused resources.
Proposal 8:	Backward indication is not supported in Rel-16.
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Appendix I Simulation assumptions

	Parameter
	value

	Deployment
	Freeway

	UE drop
	Option A
-	Vehicle type distribution: 100% vehicle type 2.
-	Clustered dropping is not used.
-	Vehicle speed is 140 km/h in all the lanes for the highway scenario	

	Carrier frequency
	6 GHz

	Bandwidth 
	20 MHz

	Subcarrier spacing
	15 kHz

	Periodic Traffic model
	Model 2 (medium traffic intensity)
-	Inter-packet arrival time: 50 ms
-	Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8
-	Latency requirement: 10 ms
-	50% vehicles generate packets

	Transmission number
	2, 3

	PSCCH 
	3 Symbols, 15 PRBs

	Channel model
	As defined in 37.885

	Receiver algorithm
	MMSE-IRC

	Number of Tx/Rx antenna elements for vehicle UE
	2Tx/4Rx for 6 GHz

	Antenna model for vehicle UE
	Option 1





Appendix II Performance results from [5]
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