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1 [bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _Ref129681832]Introduction
At RAN1#100-e, the procedure of resource allocation for NR V2X mode 2 was agreed, and the associated contents has been captured by TS 38.214 [5]. In this paper, we discuss the remaining details of sidelink resource allocation for mode 2, including the determination of time resource and frequency resource, the details in the sensing and resource (re-)selection procedure. 
2 Mode 2 resource allocation
2.1 HARQ feedback bits in 1st-stage SCI
In RAN1#98, the following working assumption was achieved:
Working assumption:
· For HARQ feedback in groupcast and unicast, when PSFCH resource is (pre-)configured in the resource pool,
· SCI explicitly indicates whether HARQ feedback is used or not for the corresponding PSSCH transmission.
However, it is not specified that the indication of whether HARQ feedback is used should be included in the 1st stage SCI or 2nd stage SCI. Apart from the function of indicating whether HARQ feedback is used to the receiver, this bit can also be used by a sensing UE to determine whether a reservation in SCI is for HARQ feedback based retransmission or blind retransmission. Such knowledge can be exploited to improve sensing performance in Mode 2. In fact, many companies have proposed mechanisms that are meant to improve sensing performance based on whether a reservation is for a HARQ feedback based retransmission or blind retransmission. The issue has been summarized in feature lead summary R1-1913232 in RAN1 #99 meeting. The proposed solution for discussion is copied below:
Proposal for discussion
· Down-select one or more of the following in offline
· By implementation, a UE can monitor PSFCH in response to transmissions of other UEs and consider the corresponding reserved resources released
· RSRP thresholds configured per priority pair are also configured per HARQ type: blind or feedback based
· In this case, whether feedback is requested or not should be understood from the 1st stage SCI
· Priority in received SCI is adjusted per HARQ type: blind or feedback based
· In this case, whether feedback is requested or not should be understood from the 1st stage SCI
· When NMAX = 3 is configured, a UE is only allowed to reserve 1 resource for feedback-based transmissions
In our view, given that most sensing information is located in 1st SCI, this one-bit payload bit should also be included in the 1st stage SCI to allow the other sensing UE using this information to improve their sensing and selection procedure.
This HARQ feedback indication bit is currently not implemented in TS 38.212 due to a lack of explicit agreement regarding it, even though TS 38.213 assumes TS 38.212 has this one-bit indication in the 2nd SCI. 
Proposal 1: Whether HARQ feedback is used or not for the corresponding PSSCH transmission is indicated in 1st stage SCI
A proposed text for this correction is provided as follows for Section 16.3 of TS 38.213[4].
--------------------------- Start of Text Proposal for TS 38.213-------------------------
<Unchanged parts omitted>
16.3 	UE procedure for reporting HARQ-ACK on sidelink 
<Unchanged parts omitted>
A UE may be indicated by higher layers to not transmit a PSFCH in response to a PSSCH reception [11, TS 38.321].
If a UE receives a PSSCH in a resource pool and a ZYX “HARQ feedback request” field in a SCI format 0-12 scheduling the PSSCH reception indicates to the UE to report HARQ-ACK information for the PSSCH reception [5, TS 38.212], the UE provides the HARQ-ACK information in a PSFCH transmission in the resource pool. The UE transmits the PSFCH in a first slot that includes PSFCH resources and is at least a number of slots, provided by MinTimeGapPSFCH, of the resource pool after a last slot of the PSSCH reception.   
<Unchanged parts omitted>
------------------------------------End of Text Proposal ---------------------------------

Although Tx UE can release the reserved resource if it receives an ACK for HARQ feedback based retransmission, it cannot release a blind based retransmission. Therefore, the priorities associated to these types of reservations should be considered differently, so that a sensing UE treats a blind retransmission reservation as having a lower priority value than a HARQ-based reservation when their signaled priorities are the same. For the solution to handle HARQ feedback based reservation and blind retransmission based reservation we think the simplest method is to apply different coefficients to the priority associated with the of reservation. This will automatically feed into the SL-RSRP based priority function without needing to define additional tables or adjustments to each entry in the (pre-) configured table.
Proposal 2: In step 1 of sensing procedure, UE shall adjust the received priority in SCI by applying a different priority coefficient associated with blind and HARQ-feedback based retransmissions.
2.2 Converting the physical interval to logical interval  
In TS 38.214 section 8.1.4, the physical resource reservation intervals  and  with the units of ms for the UE selecting the resources and the UE corresponding to the received SCI are defined, respectively. Additionally, the logical intervals  and   with the units of slots are converted from  and , and the procedure of excluding the reserved resources for PSSCH transmission is performed on the logical interval. Although the relationship between the physical interval () and the logical interval   () has been created, the details of mapping rule is still unclear. 
In LTE-V2X, the mapping rule between the physical resource reservation interval  and the logical interval   is provided by  , where parameter  is denoted in Table 1. It can be observed that the value of  is equal to the number of subframes which belongs to sidelink resource pool in one frame multiplied by ten. For example, with TDD configuration 2, , here “2” represents the 2 uplink subframes which can be used for sidelink transmission in one frame.  Considering the duration of one frame which corresponds to the physical periodicity of the frame structure configuration in LTE-V2X is 10ms, the formulation  can be interpreted as the product of the number of subframes which belongs to sidelink resource pool in one frame and the number of frames within the physical interval .
[bookmark: _Ref520964094][bookmark: _Ref521488396]Table 1: parameter  in LTE-V2X
[image: ]

An example of TDD configuration 2 for  is shown in Figure 1. Assuming the first PSSCH is transmitted on the first UL subframe of the first frame, the second PSSCH is transmitted on the first UL subframe of the third frame. According to the definition of sidelink resource pool in [14.1.5 TS 36.213]，the subframes which belongs to sidelink resource pool can be shown in Figure 2, subframes  and  correspond to the first and second PSSCH transmissions in Figure 1. The logical interval  is the product of the two subframes which belongs to sidelink resource pool in one frame and the two frames within the physical interval .

[image: ] 
Figure 1: TDD configuration 2 for  
[image: ]
Figure 2: TDD configuration 2 for  4 subframes
For NR-V2X, the definition of frame structure configuration can be more flexible with the varied sub-carrier spacing and the multiple configuration signaling in different levels. Although the frame structure configuration for NR is quite different from LTE, it still defines a basic periodicity (0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10) with the units of ms by higher layer parameter dl-UL-TransmissionPeriodicity. Hence, the principle of mapping rule from physical interval to logical interval in LTE-V2X can be utilized by some modification. 
The logical interval in NR-V2X can be formulated as   , where  denotes the periodicity of DL-UL pattern in section 11.1 of TS 38.213, provided by higher layer parameter dl-UL-TransmissionPeriodicity,  denotes the number of configured slots for sidelink in the pattern, and  is equal to the number of DL-UL pattern occurrences within the physical interval  .
An example of DL-UL pattern for  is shown in Figure 3. Assuming the sub-carrier spacing is 60 kHz, the periodicity of DL-UL pattern configured by higher layer parameter dl-UL-TransmissionPeriodicity is 2 ms. The first PSSCH is transmitted on the first UL slot of the first DL-UL pattern, the second PSSCH is transmitted on the first UL slot of the third DL-UL pattern. After excluding the unavailable sidelink resource, the slots which belongs to sidelink resource pool can be shown in Figure 4, slots  and  correspond to the first and second PSSCH transmission in Figure 3. The logical interval  is the product of the three slots which belongs to sidelink resource pool in one DL-UL pattern and the two patterns within the physical interval .
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Figure 3: DL-UL pattern for  with 60 kHz SCS
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Figure 4: DL-UL pattern for   6 slots

Proposal 3: The logical interval in NR-V2X can be formulated as   , where  denotes the periodicity of DL-UL pattern, provided by higher layer parameter dl-UL-TransmissionPeriodicity,  denotes the number of configured slots for sidelink in the pattern, and  is equal to the number of pattern within the physical interval  .
A proposed text for this correction is provided as follows for Section 8.1.4 of TS 38.214[5].
-------------------------------- Start of Text Proposal for TS 38.214--------------------
<Unchanged parts omitted>
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>
The resource reservation interval, , if provided by higher layer parameter reservationPeriodAllowed, is converted from units of ms to units of logical slots, resulting in , where  denotes the periodicity of DL-UL pattern in section 11.1 of TS 38.213, provided by higher layer parameter dl-UL-TransmissionPeriodicity,  denotes the number of configured slots for sidelink in the pattern, and  is equal to the number of pattern within the physical interval  .
<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  for q=1, 2, …, Q and j=0, 1, …, . Here,  is  converted to units of logical slots, , where  denotes the periodicity of DL-UL pattern in section 11.1 of TS 38.213, provided by higher layer paramter dl-UL-TransmissionPeriodicity,  denotes the number of configured slots for sidelink in the pattern, and  is equal to the number of patterns within the physical interval  .    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 of Text Proposal -------------------------------

The procedure of the resource exclusion is incomplete if the mapping from the physical logical resource reservation interval to the logical resource reservation interval is absent.
2.3 Determining slots and resource blocks for PSSCH 
In RAN #100, the following agreements for time domain RIV and frequency domain RIV are achieved:
Agreements:
· Time resource assignment in SCI uses an extended time domain RIV mechanism as follows:
if 
 
elseif 
 
else
if 
 
else
 
end if
end if

where
· N denotes the actual number of resources indicated
· Ti denotes i-th resource time offset 
· for N=2,  
· for N=3, , 
Agreements:
· For frequency resource indication, the following resource index calculation is used
· For Nmax = 2, 
· 
· For Nmax = 3, 
· 
· where 
· f2 denotes lowest sub-channel index for the second resource, if any
· f3 denotes lowest sub-channel index for the third resource, if any
· m denotes number of sub-channels in a frequency resource allocation
· If time domain allocation indicates N < Nmax, the decoded lowest sub-channel indexes corresponding to Nmax minus N last resources are not used

A proposed text for this correction is provided as follows for Section 8.1.5 of TS 38.214[5].
------------------------ Start of Text Proposal for TS 38.214 --------------------------
<Unchanged parts omitted>
8.1.5	UE procedure for determining slots and resource blocks for PSSCH transmission associated with an SCI format 0-1
The set of slots and resource blocks for PSSCH transmission is determined by the resource used for the PSCCH transmission containing the associated SCI format 0-1, and fields "Frequency resource assignment", "Time resource assignment" of the associated SCI format 1 as described below.
-	If the higher layer parameter maxNumResource is equal to 2,
-	"Frequency resource assignment" field in the SCI format 0-1 is equal to frequency resource indication value (FRIV) corresponding to a starting sub-channel index () and a length in terms of contiguously allocated sub-channels (). The resource indication value is defined by

-	If higher layer parameter maxNumResource is equal to 3,
-	"Frequency resource assignment" field in the SCI format 0-1 is equal to frequency resource indication value (FRIV) corresponding to the first sub-channel index  and the second sub-channel index , and a length in terms of contiguously allocated sub-channels (). The resource indication value is defined by:

where  is the total number of sub-channels in the pool determined by higher layer parameter numSubchannel.

-	"Time resource assignment" field in the SCI format 0-1 is equal to time resource indication value (TRIV) corresponding to two time offsets   and  between the first resource and the second or the third resource.
-	if 
-	
-	elseif 
-	
-	else
-	If  
-	
-	else
-	
where 
·  denotes the actual number of resources indicated
· denotes the resource time offset between the first resource and the second resource, denotes the resource time offset between the first resource and the third resource
· for,  
· for, , 
<Unchanged parts omitted>
------------------------------------End of Text Proposal -------------------------------

In RAN1#100-e, the following agreements for backward indication are achieved:
Agreement
· 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 LTE-V2X , section 14.1.1.4.C of TS 36.213 specifies the set of subframes and resource blocks for PSSCH transmission which are determined by the "Frequency resource location of the initial transmission and retransmission" field, "Retransmission index" field and "Time gap between initial transmission and retransmission" field in the  associated SCI format 1. To prevent the missing reservation due to the undetected SCI, backward indication is supported in LTE-V2X. 
	...(following are copied from TS 36.213)…
14.1.1.4C	UE procedure for determining subframes and resource blocks for PSSCH transmission associated with an SCI format 1
…
For the SCI format 1 transmitted on the PSCCH resource m in subframe , the set of subframes and sub-channels for the corresponding PSSCH are determined as follows:
-	if  is zero, 
-	the time and frequency resources for the corresponding PSSCH is given by 
-	sub-channel(s) , , 1, in subframe  
-	else if	"Retransmission index" in the SCI format 1 is zero, 
-	the time and frequency resources for the corresponding PSSCH is given by 
-	sub-channel(s) , , 1in subframe , and
-	sub-channels , +1, + -1 in subframe .
-	else if	"Retransmission index" in the SCI format 1 is one, 
-	the time and frequency resources for the corresponding PSSCH is given by 
-	sub-channels , +1, + -1 in subframe, and 
-	sub-channels , , 1 in subframe . 
where  is the value indicated by "Time gap between initial transmission and retransmission" field.



Since NR-V2X has higher reliability requirement, the case of missing SCI also needs to be considered. As  the forward indication shown in Figure 5, assume the SCI in resource R1 indicates the resources R2 and R3, and the SCI in resource R2 indicates the resource R3 for each period. If the SCI for R1 is missed by the sensing UE, the periodic reservation of resource R1 on the upcoming periods will not be excluded during the sensing procedure, and thus causing collision. 
As shown in Figure 6, the missing SCI issue can be solved by the backward indication. Assume backward indication is supported in Figure 6, assume the SCI in resource R1 indicates the resources R2 and R3, the SCI in resource R2 indicates the resources R1 and R3, and the SCI in resource R3 indicates the resources R1 and R2, respectively. If the SCI for R1 is missed by the sensing UE, the sensing can still know the existence of R1 by decoding the SCI for R2 and/or R3, and thus can avoid such collisions. Therefore, more accurate resource exclusion can be achieved by the backward indication.
In LTE-V2X, since a given TB can be transmitted only once or twice, so it is enough to use only 1 bit for such forward/backward indication. However, for NR-V2X, a SCI can indicate up to 3 resources for a given TB when . So to enable full flexibility for backward indication, a field of ceil(log2(Nmax)) bit should be used. Thus, Option 3 in the RAN1#100-e agreement is preferred.
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Figure 5: Forward indication
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Figure 6: Backward & Forward indication
Proposal 4: 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 is supported.
In section 8.1.5 of TS 38.214, although it is mentioned that the set of slots and resource blocks for PSSCH transmission is determined by the fields "Frequency resource assignment" and "Time resource assignment" in the associated SCI format 1, the details are missing. 
A proposed text for this correction is provided as follows for Section 8.1.5 of TS 38.214[5]. 
-------------------------- Start of Text Proposal for TS 38.214 -------------------------
<Unchanged parts omitted>
8.1.5    UE procedure for determining slots and resource blocks for PSSCH transmission associated with an SCI format 0-1
<Unchanged parts omitted>
The set of slots and resource blocks for PSSCH transmission is determined by the resource used for the PSCCH transmission containing the associated SCI format 0-1, and fields "Frequency resource assignment", "Time resource assignment" of the associated SCI format 1 as described below.
[TBD]
For the SCI format 0-1 transmitted on the PSCCH resource   (described in Subclause 16.4 TS 38.213) in slot , the set of slots and sub-channels for the corresponding PSSCH are determined as follows:
· if  "Time resource assignment" field in  [8, TS 38.212] is zero,
· the time and frequency resources for the corresponding PSSCH is given by
· sub-channel(s), ,…, 1, in slot   
· elseif  "Time resource assignment" field in  [8, TS 38.212] is smaller than 32,
· if "Retransmission index" in the SCI format 0-1 is zero, 
·   the time and frequency resources for the corresponding PSSCH is given by
· sub-channel(s)  , ,…, 1, in slot , and  
· sub-channel(s) , +1,…, + -1 , in slot 
· else (i.e. that  "Retransmission index" in the SCI format 1 is one), 
·   the time and frequency resources for the corresponding PSSCH is given by
· sub-channel(s) , +1,…, + -1 , in slot  , and
· sub-channel(s)  , ,…, 1, in slot  
· else
· if "Retransmission index" in the SCI format  0-1 is zero,  
·   the time and frequency resources for the corresponding PSSCH is given by
· sub-channel(s)  , ,…, 1, in slot , and  
· sub-channel(s) , +1,…, + -1 , in slot , and
· sub-channel(s) ,+1,…, + -1 , in slot  
· elseif "Retransmission index" in the SCI format 1 is one,
·   the time and frequency resources for the corresponding PSSCH is given by
· sub-channel(s) , +1,…, + -1 , in slot , and
· sub-channel(s)  , ,…, 1, in slot , and  
· sub-channel(s) , +1,…, + -1 , in slot  
· else (i.e. that "Retransmission index" in the SCI format 1 is two), 
·   the time and frequency resources for the corresponding PSSCH is given by
· sub-channel(s) , +1,…, + -1 , in slot  , and
· sub-channel(s) , +1,…, + -1 , in slot  , and
sub-channel(s) , ,…, 1, in slot 

<Unchanged parts omitted>
------------------------------------End of Text Proposal -------------------------------

The explanation for the TP above is shown in the following figures. The time resources for  are shown in Figure 7 and Figure 8. 
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Figure 7: the time resources for , Retx-I=0
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Figure 8: the time resources for , Retx-I=1
The time resources for  are shown in Figure 9 to Figure 11.
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Figure 9: the time resources for , Retx-I=0
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Figure 10: the time resources for , Retx-I=1
[image: ]
Figure 11: the time resources for , Retx-I=2

Additionally, the step 6) of the resource exclusion procedure in section 8.1.4 of TS 38.214 should cite the proposed text above to determine the set of resource blocks and slots indicated in the received SCI, and the exclusion of resource for the same TB within the time window of 32 slots can be performed based on the determined resources. 
A proposed text for this correction is provided as follows for Section 8.1.4 of TS 38.214[5].
-------------------------- Start of Text Proposal for TS 38.214 ------------------------
<Unchanged parts omitted>
8.1.4    UE procedure for determining slots and resource blocks for PSSCH transmission associated with an SCI format 0-1
<Unchanged parts omitted>
6)	The UE shall exclude any candidate single-slot resource  from the set  if it meets all the following conditions:
	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] 8.1.5 in [TS38.214] the set of resource blocks and slots which overlaps with  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 of Text Proposal -------------------------------

2.4 The remaining details of T0, T1, T2
According to the email approval in [98b-NR-16] (Resource selection and sensing windows bounds), there are still some FFS for the details of T0, T1, T2 and T3.
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

In section 8.1.4 of TS 38.214, the sensing window is defined by the range of slots [) where  is defined the higher layer parameter sl-SensingWindow,  is associated with the UE processing time on decoding the SCI and DMRS measurement. For the sub-carrier spacing of 15/30/60/120kHz, is (1,1,2,2 slots, respectively. 
For the resource selection window, the lower bound parameter  denotes the UE processing time from the resource selection trigger to the earliest candidate resource, and it is up to UE implementation under  , where  is corresponding to the maximum UE processing time which should be supported by all the UEs. The UE with the stronger capability performs the shorter processing time by its implementation.  For the sub-carrier spacing of 15/30/60/120kHz,  is 4 ms for all SCS.
As the discussion above, the detailed meanings of   and  are different, although both of them represent the UE processing time. Hence,  and  should be defined seperatly. Considering the granularity for sidelink resource allocation is slot, the time instances for  and  should also be  measured in slots.
The determination of  has been specified in section 8.1.4 of TS 38.214 by the interval parameter   and the remaining packet delay budget. Since   by the higher layer parameter t2min_SelectionWindow is configured per priority of the UE selecting the resource, then by default the minimum window duration -  is a function of priority..
Since the definition of  is associated with the procedure of resource re-evaluation, the discussion of T3 is included in the following section.
Proposal 5: For the sub-carrier spacing of 15/30/60/120kHz, is 1/1/2/2 slots, respectively.
Proposal 6: For the sub-carrier spacing of 15/30/60/120kHz, is 4 ms for all SCS.
A proposed text for this correction is provided as follows for Section 8.1.4 of TS 38.214[5].
------------------------- -- Start of Text Proposal for TS 38.214 ------------------------
<Unchanged parts omitted>
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>
The following steps are used:
1)	A candidate single-slot resource for transmission  is defined as a set of  contiguous sub-channels with sub-channel x+j in slot  where . The UE shall assume that any set of  contiguous sub-channels included in the corresponding resource pool within the time interval  correspond to one candidate single-slot resource, where 
-	selection of  is up to UE implementation under   , where  is TBD  1/1/2/2 slots for the sub-carrier spacing of 15/30/60/120kHz.
-	if  is shorter than the remaining packet delay budget (in slots) then is up to UE implementation subject to    remaining packet budget (in slots); otherwise is set to the remaining packet delay budget (in slots).
The total number of candidate single-slot resources is denoted by .
2)	The sensing window is defined by the range of slots [) where  is defined above and   is TBD  4 ms for all SCS. 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.
<Unchanged parts omitted>
------------------------------------End of Text Proposal -------------------------------

2.5 Resource re-evaluation
2.5.1 The timeline of re-evaluation
In RAN #98bis, the following agreements for resource re-evaluation are achieved:
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
In RAN1#100-e, the following agreements for resource re-evaluation are achieved:
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

According to the agreements above, the re-evaluation of Step 1 and Step 2 before the transmission of SCI with reservation is required to perform at least at moment ‘ ’, and whether to mandate a UE to perform Step 1 by checking every slot before ‘m-T3’ is still in FFS. In our view, the re-evaluation at every slot before ‘’ should be mandatory to enable UE to re-select resources as soon as possible.   
The timeline for resource selection and re-evaluation is shown in Figure 12. Assume resource selection is triggered by higher layer in slot  , and assume the candidate resource R1 in slot  within the resource selection window [ is selected after the procedure of resource exclusion. 
If the re-evaluation at every slot before ‘’ is mandatory, then the UE shall perform step 1 by monitoring slots belonging to sidelink resource pool within the sensing window [) at every slot  which satisfies , i.e., UE shall slide the sensing window from [) to [) , where  . It is possible that the SCI which indicates the resource collision would be received in any slot before . 
For example, in Figure 12, assume a SCI on resource S1 is received in slot  within the sensing window [), assume this SCI indicates the resource reservation which overlaps with the preselected resource in slot , and the pre-selected resource is excluded from the candidate resource set after the RSRP measurement in step 1. The resource re-selection should be triggered immediately in slot , and re-selected resources can be selected from an earlier resource selection window [ than the later resource selection window [, where . Assume the re-selected resource R2 is located in slot , the above procedure of re-evaluation for re-selected resource in slot  needs to be repeated since the transmission of SCI which indicates the reservation of re-selected resource has not been transmitted yet, the other UEs are still likely to occupy the re-selected resource R2.
If the step 1 in resource re-evaluation is performed only once at slot  , the step 2 of resource re-selection can only be performed with the larger transmission latency within the later resource selection window [ accordingly. However, it is possible that the SCI which indicates resource collision would occur just before the edge of the sensing moment . Moreover, it is also possible that the procedure of re-evaluation for re-selected resource would be repeated before the transmission of the SCI, thus the earlier the re-selection is triggered, the smaller latency can be achieved, and the more retransmission chances can be guaranteed which can ensure the successful delivery of the packet in a given PDB.  
Therefore, to reduce the latency and increase the success rate of packet delivery, the step 1 of resource (re)-selection shall be performed at every slot before  , and step 2 for resource reselection shall be triggered immediately if the pre-selected resource is not regarded as an identified candidate resource. 
[image: ]
Figure 12: the timeline for resources re-evaluation

Observation 1: The SCI which indicates resource collision could occur before the moment .
Observation 2: The procedure of re-evaluation for re-selected resource could be repeated. 
Observation 3: The earlier the re-selection is triggered, the smaller latency can be achieved, and the more retransmission chances can be guaranteed which can ensure the successful delivery of the packet in a given PDB. 
Proposal 7: The step 1 of resource (re)-selection shall be performed at every slot before (and including) m-T3.
The range of  is determined by [. The lower bound  which provides the largest sensing range from  to  on the premise that the resource re-evaluation is performed before the moment of pre-selected resource, i.e., the resource re-selection window is not later than  [. On the other hand, the upper bound  means the procedure of resource re-evaluation is disabled.
Proposal 8: Selection of T3 is up to UE implementation under .

2.5.2 The identified candidate resource of re-evaluation
During the resource exclusion procedure in step 1, whether one candidate resource  needs to be excluded depends on the SCI detected in the sensing window. According to the current definition of sensing window in TS 38.214, the UE shall monitor slots which belong to a sidelink resource pool within the sensing window [) when resource (re)-selection is triggered in slot . However, if the sensing window for re-evaluation follows the existing definition of sensing window, i.e., the sensing window is defined as [) when re-evaluation is performed at every slot  which satisfies , some candidate resource which has been excluded from the previous resource selection window [  would be not excluded from the updated resource selection window [. 
As shown in Figure 13, resource re-selection is triggered in slot  when SCI on resource S1 is received in slot  indicates the resource reservation which overlaps with the preselected resource in slot . Assume the one SCI on resource S2 within the sensing window [) indicate the resource reservation on resource R2. If the step 2 of resource reselection for re-evaluation only considers the sensing window [), the resource R2 which has been previously excluded would be considered as the identified candidate resource again. 
To prevent such problem, the sensing results derived from multiple sensing window should be considered jointly, i.e., one candidate resource will be excluded from the identified candidate resource set  reported to higher layer if it is not regarded as an identified candidate resource in any resource selection window from [) to [). 

[image: ]
Figure 13: the identified candidate resource of re-evaluation
Observation 4: It is possible that the resource which has been excluded in the previous resource selection window would be considered as the identified candidate resource again when the sensing window is changed.
Proposal 9 : One candidate resource will be excluded from the identified candidate resource set  reported to higher layer if it is not regarded as an identified candidate resource in any resource selection window from [) to [). 

2.5.3 The restriction on re-selected resources for re-evaluation
For the re-evaluation of the pre-selected resources, part or full of preselected resources would be overlapped by resource reservation of SCI detected in the slots within the corresponding sensing window. If only part of the pre-selected resources are occupied, the re-selection of the full resources including the un-occupied resource should be allowed since the transmission of SCI which indicates the reservation of re-selected resource has not been transmitted yet. 
In addition, if it is not allowed to re-select the un-occupied resources, the distance requirement of 32 slots in time domain for resources signalled in one SCI would limit the flexibility of resource selection and lead to less candidate resources to be selected. 
Finally, any restriction on what the UE re-selects among resources it has not reserved yet amount to specifying internal UE behaviour which cannot be tested.
As shown in Figure 14, assume only resource R2 is occupied by the SCI received on S1, all the pre-selected resource R1, R2 and R3 can be re-selected within the resource selection window  [.  
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Figure 14: the restriction on re-selected resources for re-evaluation

Proposal 10: For the purposes of re-evaluation, do not specify any restriction on which resources the UE re-selects, i.e. UE can re-select full or partial resources.

2.5.4 The re-evaluation for periodic reservation
For the case of enabled periodic reservation, already reserved resources in upcoming periods should be re-evaluated for each reserved period. As shown in Figure 13, assume a group of periodic resources R1 in slots . are pre-selected in slot , the re-evaluation should be performed before the slots , …., accordingly. 
Proposal 11: For the case of enabled periodic reservation, already reserved resources in upcoming periods should be re-evaluated before each reserved period.
Moreover, since the delay would be introduced when the resource re-selection is triggered in a later selection window, thus the resource reselection is only triggered when the SCI which indicates the collision on the resources in the next one peroid of the reservation, and the resetting of the resource reservation interval as zero shall be supported for the reselected resource. 
For example in Figure 15, assume one set of periodic resources R1#1, R1#2, R1#3…. are selected in slot , and the resource R1#2 is reserved by an SCI S1 from another UE. Although the resource collision has been detected for re-evaluation on the resource R1#1, the resource re-selection will not be triggered then. The resource reselection is only triggered for re-evaluation on the resource R1#2, resulting in resource R2#1 being selected for use in period#2. In subsequent periods, the UE returns to use R1#n. To achive this, in periodicity#2, the UE sets the field “resource reservation period” in the first stage SCI as zero, i.e., the resource R2#1 is used only once, and the reselection of R1#2 does not mean a group of new periodic resources R2#1, R2#2, R2#3… are selected. The UE will return to using R1#n, and continue re-evaluating the previously reserved resources R1#3, R1#4… in the upcoming periods and transmits on reserved resources if the resource collisions are not detected. Therefore, the accumulated latency on resources R2#2, R2#3 … due to the later selection window when re-selection is triggered can be avoided. 
Proposal 12: When periodic reservation is in use, when an SCI is detected which indicates collision on the resources in the next one period of the reservation, resource reselection is triggered for that period only.
[bookmark: _GoBack]Proposal 13: In the SCI scheduling the re-selected resources, the “resource reservation period” field is set to zero, to indicate it is used only once.
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Figure 15: the timeline for of periodic re-evaluation

In the RAN1#98bis agreement, there is an FFS whether to handle it differently for blind and feedback-based retransmission resources.
For blind retransmission, the resource re-evaluation is enabled for each reserved resource. As for HARQ feedback-based retransmission, the procedure of resource re-evaluation is performed as long as the reserved resource is not released due to NACK received at the previous transmission.
Proposal 14: The procedure of resource re-evaluation is performed the same for both blind and feedback-based retransmission.

A proposed text for this correction is provided as follows for Section 8.1.4 of TS 38.214[5].
--------------------------- Start of Text Proposal for TS 38.214 ------------------------
<Unchanged parts omitted>
8.1.4    UE procedure for determining slots and resource blocks for PSSCH transmission associated with an SCI format 0-1
<Unchanged parts omitted>
The following steps are used:
<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.
The UE shall report set  to higher layers. The UE selects one candidate single-slot resource   in slot  from  according to higher layers. The UE shall perform step 1) to step 7) after each slot from slot   until the exclusion on resource  is performed in slot  . The UE shall report set  to the higher layer. One candidate resource will be excluded from the identified candidate resource set   reported to higher layer if it is not regarded as an identified candidate resource in any resource selection window from [) to [). 
For the case of periodic reservation, the resource reselection is triggered when an SCI is detected which indicates collision on the resources in the next one period of the reservation.
<Unchanged parts omitted>
------------------------------------End of Text Proposal -------------------------------
2.6 Ratio of the identified candidate resource set 
In RAN 1#98b, the following agreement has been achieved regarding identifying candidate resources:
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

In our view, the identified candidate resources should be based on the results of SCI decoding and corresponding SL-RSRP measurement. The value of X can be associated with the number of SL resources indicated by one SCI for a given TB, including current transmission and reserved resource for re-transmissions. Assuming the number of SL resources indicated by one SCI for the same TB is relatively large, e.g.  3  (same as the maximum value of N_max), if the value of X remains at 20, then the probability of successfully selecting 3 resources from the identified candidate resources under the constraint of a pre-configured time gap will be small. Therefore, the value of X should depends on the maximum number of SL resources indicated by one SCI for the same TB. For example, when the maximum number of SL resources indicated by one SCI for the same TB is 2 or 3, the value of X can be set to 20 or 30, respectively. 
Proposal 15: The value of X is derived depending on the maximum number of SL resources indicated by one SCI for the same TB. 
2.7 RSRP threshold  
In section 8.1.4 of TS 38.214, the RSRP threshold   is determined by the higher layer parameter SL-ThresRSRP_pi_pj, where   is the value of the priority field received in SCI format 0-1,  is the priority of the transmission of the UE selecting resources, and the value of SL-ThresRSRP_pi_pj  is set from 0 to 66 . It is clear that the threshold is the combination of the two priorities, thus the notation   should be replaced by a more accurate notation . In addition, the higher layer parameter SL-ThresRSRP_pi_pj in section 6.3 of TS 38.214 has been renamed as SL-ThresPSSCH-RSRP, the citation in section 8.1.4 of TS 38.214 should be revised accordingly.  
Moreover, the current section 8.1.4 of TS 38.214 does not provide the details on how to map the two priorities  and  to the threshold . Considering the compatibility and the complexity, the method of determining the threshold by the higher layer parameters SL-ThresPSSCH-RSRP and SL-ThresPSSCH-RSRP-List  in LTE-V2X can be reused. 
Proposal 16: For specification purposes, the RSRP threshold should be expressed as a function of the priority received in SCI format 0-1 and the priority of the UE selecting the transmission resource.
A proposed text for this correction is provided as follows for Section 8.1.4 of TS 38.214[5].
-------------------------- Start of Text Proposal for TS 38.214--------------------------
<Unchanged parts omitted>
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>
The following steps are used:
<Unchanged parts omitted>
3) The internal parameter is set to the corresponding value from higher layer parameter SL-ThresRSRP_pi_pj for  equal to the given value of  and each priority value . indicated by the i-th SL-ThresPSSCH-RSRP field in SL-ThresPSSCH-RSRP-List, where SL-ThresPSSCH-RSRP-List is the higher layer parameter provided by [6.3 TS 38.214], it indicates a list of 64 values from SL-ThresPSSCH-RSRP, and the index of the list .
<Unchanged parts omitted>
b)	the RSRP measurement performed, according to clause 8.4.2.1 for the received SCI format 0-1, is higher than  ;
<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.
<Unchanged parts omitted>
------------------------------------End of Text Proposal -------------------------------

2.8 Editorial modification
A proposed text for the reversing PSSCH and PSCCH is provided as follows for Section 8.4.2.1 of TS 38.214[5].
---------------------------- Start of Text Proposal for TS 38.214------------------------
<Unchanged parts omitted>
8.4.2.1	RSRP for resource selection in sidelink resource allocation mode 2
<Unchanged parts omitted>
In sidelink resource allocation mode 2, the UE measures RSRP for resource selection as follows: 
-	PSSCH-RSRP over the DM-RS resource elements for the PSCCH carrying PSSCH according to the received SCI format 0-1 if higher layer parameter RSforSensing is set to “PSSCH DM RS”, and 
-	PSCCH-RSRP over the DM-RS resource elements for the PSSCH according to PSCCH carrying the received SCI format 0-1 if higher layer parameter RSforSensing is set to “PSCCH DM RS”.
<Unchanged parts omitted>
------------------------------------End of Text Proposal -------------------------------

3 Conclusions 
In this contribution, we discussed the resource allocation for UE autonomous transmission for NR V2X sidelink transmission.   We have the following observations and proposals: 
Observation 1: The SCI which indicates resource collision could occur before the moment .
Observation 2: The procedure of re-evaluation for re-selected resource could be repeated. 
Observation 3: The earlier the re-selection is triggered, the smaller latency can be achieved, and the more retransmission chances can be guaranteed which can ensure the successful delivery of the packet in a given PDB. 
Observation 4: It is possible that the resource which has been excluded in the previous resource selection window would be considered as the identified candidate resource again when the sensing window is changed.
Proposal 1: Whether HARQ feedback is used or not for the corresponding PSSCH transmission is indicated in 1st stage SCI
Proposal 2: In step 1 of sensing procedure, UE shall adjust the received priority in SCI by applying a different priority coefficient associated with blind and HARQ-feedback based retransmissions.
Proposal 3: The logical interval in NR-V2X can be formulated as   , where  denotes the periodicity of DL-UL pattern, provided by higher layer parameter dl-UL-TransmissionPeriodicity,  denotes the number of configured slots for sidelink in the pattern, and  is equal to the number of pattern within the physical interval  .
Proposal 4: 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 is supported.
Proposal 5: For the sub-carrier spacing of 15/30/60/120kHz, is 1/1/2/2 slots, respectively.
Proposal 6: For the sub-carrier spacing of 15/30/60/120kHz, is 4 ms for all SCS.
Proposal 7: The step 1 of resource (re)-selection shall be performed at every slot before (and including) m-T3.
Proposal 8: Selection of T3 is up to UE implementation under .
Proposal 9 : One candidate resource will be excluded from the identified candidate resource set  reported to higher layer if it is not regarded as an identified candidate resource in any resource selection window from [) to [). 
Proposal 10: For the purposes of re-evaluation, do not specify any restriction on which resources the UE re-selects, i.e. UE can re-select full or partial resources.
Proposal 11: For the case of enabled periodic reservation, already reserved resources in upcoming periods should be re-evaluated before each reserved period.
Proposal 12: When periodic reservation is in use, when an SCI is detected which indicates collision on the resources in the next one period of the reservation, resource reselection is triggered for that period only.
Proposal 13: In the SCI scheduling the re-selected resources, the “resource reservation period” field is set to zero, to indicate it is used only once.
Proposal 14: The procedure of resource re-evaluation is performed the same for both blind and feedback-based retransmission.
Proposal 15: The value of X is derived depending on the maximum number of SL resources indicated by one SCI for the same TB. 
Proposal 16: For specification purposes, the RSRP threshold should be expressed as a function of the priority received in SCI format 0-1 and the priority of the UE selecting the transmission resource.
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