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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Based on the latest 3GPP progress [1-5], in this contribution, we discuss some remaining issues of resource allocation mode 2 for NR V2X communication and put forward our considerations and possible solutions for them. 
2 Discussion
2.1 Re-evaluation 
In RAN1 #100e, the following agreement was achieved for re-evaluation:
	Agreement: 
· 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 our view, there is no need to mandate a UE to perform Step 1 checking every slot before ‘m-T3’ because the UE complexity will increase, although it is possible to reselect an earlier resource if performing Step 1 at the moment before ‘m-T3’, which may reduce transmission delay. What’s more, since UE can obtain more sufficient sensing results at the moment ‘m-T3’, it is enough to perform Step 1 once at the moment ‘m-T3’.
Proposal 1: Mandating a UE to perform Step 1 checking every slot before ‘m-T3’ is not supported.
As for “evaluation of Step 2 has to ensure any introduced timing restrictions...”, we think it’s better to guarantee timing restrictions such as HARQ RTT as much as possible, however, if the timing restrictions are not guaranteed in some cases, current mechanism by indicating RX UE not sending HARQ feedback will still solve the problem. Furthermore, it is not necessary to change the pre-selected but not reserved resources which are still in the candidate resource set in order to ensure the timing restriction, causing additional processing time.
Proposal 2: Not support to ensure any introduced timing restrictions between pre-selected and re-selected resources when re-evaluation is triggered by evaluation of Step 2. 
Proposal 3: Not support to change the pre-selected but not reserved resources which are still in the candidate resource set in order to ensure the timing restrictions.
[bookmark: OLE_LINK4][bookmark: OLE_LINK7][bookmark: OLE_LINK10]For the last bullet of the above agreement, since Step 1 of resource (re-)selection procedure has already considered the potential resource collision for its future  reservations for periodic transmission, it’s not necessary to re-evaluate already reserved resources in upcoming periods. In other words, if any of the reservations will have collision with other UEs’ reservations, the resource will not be considered as a candidate resource. Besides, re-evaluating already reserved resources in upcoming periods will disturb the periodic resource reservation and exclusion mechanism. Therefore, there is no need to introduce a new mechanism that allows to re-evaluate already reserved resources in upcoming periods. 
Proposal 4: For the case of enabled periodic reservation, re-evaluating already reserved resources in upcoming periods is not supported. 
2.2 Backward indication 
In RAN1 #100e, the following agreement was achieved:
	Agreement
· Down-select in the next meeting one of the following options 
· [bookmark: OLE_LINK2][bookmark: OLE_LINK3]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
· [bookmark: OLE_LINK37][bookmark: OLE_LINK38]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 our view, backward indication should not be supported in NR V2X.
First, the motivation of backward indication is not clear. In LTE V2X, backward indication can restore reservation information about the missed first transmission. However, in NR V2X, thanks to reserving up to 3 resources by 1 transmission, for certain missed transmission, it has already supported to restore it from previous transmission if exists. The benefit provided by backward indication is quite limited. Then, in NR V2X, it supports to (pre-)configure up to 32 (re-)transmissions, which is different from the maximum 2 (re-)transmissions in LTE V2X. If backward indication is supported in NR V2X, it will sacrifice the opportunity to reserve future transmission(s), which is not friendly to sensing mechanism. 
Proposal 5: Support 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.
2.3 Processing time of Tproc,0, Tproc,1 and T3
In RAN1 #98b, the following agreement was achieved for sensing window and resource selection window:
	[bookmark: OLE_LINK58][bookmark: OLE_LINK59]Agreement:
· 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) 
· [bookmark: OLE_LINK24][bookmark: OLE_LINK25]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
[bookmark: OLE_LINK20][bookmark: OLE_LINK21] UE selection of T2 shall fulfil the latency requirement, i.e. T2 ≤ Remaining PDB
· [bookmark: OLE_LINK18]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 
· [bookmark: OLE_LINK22][bookmark: OLE_LINK23]Time instances n, T0, T1, T2, T2min are measured in slots, FFS Tproc,0 and Tproc,1


According to this agreement, some details of the Tproc,0, Tproc,1 and T3 need to be further discussed. 
For the issue whether Tproc,0 and Tproc,1 are defined separately or as a sum, sensing and resource selection window for both resource (re-)selection and re-evaluation procedure should be taken into account. For both of the procedures, Tproc,0 is the required time for processing the sensing results. As for Tproc,1, which is the required time for resource selection processing, and also for data encoding processing time for resource (re-)selection or for dropping transmission on previous reserved resource for re-evaluation. Considering the usage of Tproc,0 and Tproc,1, Tproc,0 and Tproc,1 should be defined separately. Furthermore, since resource time granularity and other time instances are measured in slots, Tproc,0 and Tproc,1 should be also measured in slots for consistency. 
Regarding T3, based on the above analysis, we propose that T3=Tproc,1. The re-evaluation should be triggered no later than ‘m-T3’, i.e. the required processing time needs to be ensured. 
Proposal 6: For sensing and resource selection window:
· Tproc,0 and Tproc,1 are defined separately.
· Tproc,0 and Tproc,1 are measured in slots.
· T3=Tproc,1.
2.4 Handling of reserved but unused resources
In RAN1 #97, the following agreement was achieved:
	Agreement:
· NR V2X Mode-2 supports resource reservation for feedback-based PSSCH retransmissions by signaling associated with a prior transmission of the same TB
· FFS impact on subsequent sensing and resource selection procedures 
· At least from the transmitter perspective of this TB, usage of HARQ feedback for release of unused resource(s) is supported
· No additional signaling is defined for the purpose of release of unused resources by the transmitting UE
· FFS the behavior of the receiver UE(s) of this TB and other UEs 


According to this agreement, Tx UE can use the unused resource for another TB transmission without additional signaling. In this case, Rx UE is able to distinguish between a retransmission for the same TB and a new transmission for another TB by NDI, HARQ ID, source ID and destination ID. While in other cases, i.e., associated Rx UE(s) or other UEs using the unused resource, it causes some problems. 
Firstly, if the associated Rx UE is supported to use the unused resource, when Tx UE misses to detect ACK sent by Rx UE, both Rx UE and Tx UE will use the same resource for transmission and resource collision will be caused. To avoid this, the associated Rx UE(s) should not use the unused resource. Secondly, if other UEs are supported to use the unused resource, other UEs need to detect all potential HARQ feedback information on PSFCH. However, it was agreed that no additional sensing for other channels. Therefore, usage of the unused resource by the associated RX UE(s) and other UEs is not supported.
Proposal 7: Usage of the unused resource by the associated RX UE(s) and other UEs is not supported.
In NR sidelink, even for blind (re)-transmission, each single transmission is accompanied with an individual SCI, which is different from the mechanism in Uu link. Therefore, there is no need to indicate the total number of (re)transmissions of a TB in SCI, instead, Rx UE can identify multiple transmissions for the same TB and perform HARQ combining based on HARQ ID, NDI, source ID, and destination ID
Proposal 8: The total number of (re)transmissions of a TB is not indicated in SCI.
2.5 [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Converting the physical interval to logical slots
According to TS 38.214[8], “the resource reservation interval, , if provided, is converted from units of ms to units of logical slots, resulting in ”, the mapping rule for converting the physical interval to logical slots need to be discussed in NR V2X. In LTE V2X, a parameter  is defined to convert the resource reservation interval to logical subframes. The conversion formula is , where the value of  for each TDD configuration is shown in the Table 1 and the value of  is equal to the proportion of UL subframes in one frame since only UL subframes are supported for SL transmission in shared carrier.
Table 1. Determination of  in LTE V2X
	
	

	TDD with UL/DL configuration 0
	60

	TDD with UL/DL configuration 1
	40

	TDD with UL/DL configuration 2
	20

	TDD with UL/DL configuration 3
	30

	TDD with UL/DL configuration 4
	20

	TDD with UL/DL configuration 5
	10

	TDD with UL/DL configuration 6
	50

	Otherwise
	100


Similarly, the conversion formula in NR V2X can be derived. Since one or two DL-UL pattern(s) on a reference SCS is/are configured for cell-specific semi-static slot configuration in NR Uu, consider the configured pattern(s) as a period  in ms. NR V2X supports SL transmission in cell-specific UL resources that meet the SL symbol configuration. According to SL symbol configuration，assume that the number of slots that can be used for SL transmission in a period is . Therefore, the conversion formula in NR V2X can be 

Where the value of ) is equal to the proportion of slots that can be used for SL transmission in period .  is the numerology of BWP. 
Proposal 9: Support the formula to convert the physical interval to logical slots in NR V2X:

where  is the period of configured DL-UL pattern(s) in NR Uu ,  is the total number of slots that can be used for SL transmission in period , and  denotes the reservation interval.
2.6 UE procedure for determining the subset of resources to be reported to higher layers
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]According to Section 8.1.4 of TS 38.214 [8], resource identification procedure step 6 is reused from LTE V2X, which is only applicable when  is provided. However, in NR V2X, it is also necessary to consider the case where  is not provided. If  is not provided, only the resource collision avoidance in resource selection window needs to be considered.
Proposal 10: Resource identification procedure should consider the case where  is not provided.
The following TP for TS 38.214 [8] is provided:
----------------------------------------------------Begin text proposal for 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:
<Unchanged parts omitted>
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 0-1, is assumed to be received in slot(s)  determines according to clause [TBD] in [6, TS 38.213] the set of resource blocks and slots which overlaps with  if  is not provided or  if  is provided, for q=1, 2, …, Q and j=0, 1, …, . Here,  is  converted to units of logical slots,   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 FFS.
<Unchanged parts omitted>
-----------------------------------------------------End text proposal for 38.214-----------------------------------------------------
Since the number of candidate single-slot resources remaining in the set  may be greater than,  candidates in the set  should be selected and reported to higher layers. Then how to select is up to UE implementation, for example, it can be selected randomly or based on RSRP measurement.
[bookmark: OLE_LINK1]Proposal 11:  candidates should be selected and reported to higher layers.
The following TP for TS 38.214 [8] is provided:
----------------------------------------------------Begin text proposal for 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>
4)	The set  is initialized to the set of all the candidate single-slot resources. The set  is initialized to an empty set.
<Unchanged parts omitted>
[bookmark: _GoBack]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. Otherwise, the UE selects the candidate single-slot resource  from the set  to . This step is repeated until the number of candidate single-slot resources in the set becomes greater than or equal to .
The UE shall report set  to higher layers.
<Unchanged parts omitted>
 -----------------------------------------------------End text proposal for 38.214-----------------------------------------------------
3 Conclusions 
In this contribution, we discussed the resource allocation mode 2 for NR V2X sidelink transmission and following conclusions are proposed: 
Proposal 1: Mandating a UE to perform Step 1 checking every slot before ‘m-T3’ is not supported.
Proposal 2: Not support to ensure any introduced timing restrictions between pre-selected and re-selected resources when re-evaluation is triggered by evaluation of Step 2. 
Proposal 3: Not support to change the pre-selected but not reserved resources which are still in the candidate resource set in order to ensure the timing restrictions.
Proposal 4: For the case of enabled periodic reservation, re-evaluating already reserved resources in upcoming periods is not supported. 
Proposal 5: Support 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.
Proposal 6: For sensing and resource selection window:
· Tproc,0 and Tproc,1 are defined separately.
· Tproc,0 and Tproc,1 are measured in slots.
· T3=Tproc,1.
Proposal 7: Usage of the unused resource by the associated RX UE(s) and other UEs is not supported.
Proposal 8: The total number of (re)transmissions of a TB is not indicated in SCI.
Proposal 9: Support the formula to convert the physical interval to logical slots in NR V2X:

where  is the period of configured DL-UL pattern(s) in NR Uu ,  is the total number of slots that can be used for SL transmission in period , and  denotes the reservation interval.
Proposal 10: Resource identification procedure should consider the case where  is not provided.
The following TP for TS 38.214 [8] is provided:
----------------------------------------------------Begin text proposal for 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:
<Unchanged parts omitted>
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 0-1, is assumed to be received in slot(s)  determines according to clause [TBD] in [6, TS 38.213] the set of resource blocks and slots which overlaps with  if  is not provided or  if  is provided, for q=1, 2, …, Q and j=0, 1, …, . Here,  is  converted to units of logical slots,   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 FFS.
<Unchanged parts omitted>
-----------------------------------------------------End text proposal for 38.214-----------------------------------------------------
Proposal 11:  candidates should be selected and reported to higher layers.
The following TP for TS 38.214 [8] is provided:
----------------------------------------------------Begin text proposal for 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>
4)	The set  is initialized to the set of all the candidate single-slot resources. The set  is initialized to an empty set.
<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 the procedure continues with step 4. Otherwise, the UE selects the candidate single-slot resource  from the set  to . This step is repeated until the number of candidate single-slot resources in the set becomes greater than or equal to .
The UE shall report set  to higher layers.
<Unchanged parts omitted>
 -----------------------------------------------------End text proposal for 38.214-----------------------------------------------------
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