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Introduction
In this contribution, the following remaining issues of Mode 2 resource allocation are discussed:
1) Remaining issues of resource selection restrictions in the same slot
2) Remaining issues of backward indication
3) TP for IE sl-ThresPSSCH-RSRP-List and one other correction
Discussion and TPs on remaining issues of Mode 2 resource allocation mechanism
Remaining issues of resource selection restrictions in the same slot
In RAN1 #102e meeting, issues of resource selection restrictions in the same slot was discussed[1]. After the fourth round email discussion, a proposal based on majority views was given as follows:
	Proposal 2-4
· Option 1:
· When resource (re-)selection for a given TB is performed, the slots containing resources selected for other TBs are excluded from the candidates before RSRP-based exclusion procedure
· Option 2:
· When resource (re-)selection for a given TB is performed, it is up to RAN2 and MAC specification how to ensure that resources for different TBs are selected in different slots
· Append this agreement/conclusion to the reply LS on interlaced MAC PDU transmissions



This proposal was not discussed and achieved. 
When selecting resources, MAC layer sends request to PHY layer to perform sensing based resource exclusion. The request only contains the current TB's resource information. All the other selected sidelink grants are maintained by MAC entity. Based on the current mechanism, MAC can handle the issue to ensure that resources for different TBs are selected in different slots. So it should be confirmed and send LS to RAN 2.
Proposal 1: Agree the concluded Proposal 2-4 in R1-2007220 and send LS to RAN2.
· When resource (re-)selection for a given TB is performed, it is up to RAN2 and MAC specification how to ensure that resources for different TBs are selected in different slots.
Backward indication in the resource reservation
In RAN1 #100-e meeting, the backward indication is discussed. Three options are provided to be down-selected as follows [2]:
	Agreements:
· 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 RAN1 #100b-e meeting, issues of backward indication were discussed but no consensus was achieved. After RAN1 #100b-e meeting, issues of backward indication were not discussed.
In LTE-V2X, backward indication is supported. SCI of retransmission can indicate the time and frequency resource using the fields of "Retransmission index" and "Time gap between initial transmission and retransmission". 
	

(a)
	

(b)


Fig. 4: comparison of non-backward indication and backward indication
In NR-V2X, backward indication is also necessary. The maximum indicating resource number in one SCI is 2 or 3. If backward indication is not supported and a part of SCIs are failed in decoding, RX UEs cannot learn the reservation chain of multiple transmissions for the same TB. As illustrated in Fig.3(a), assuming Nmax is 3, if backward indication is not supported and PSCCHs of TX1 and TX2 are failed in decoding, SCI of TX3 cannot indicate reservation link to TX1 and TX2. While if backward indication is available, as illustrated in Fig.3(b), RX UE can learn the reservation relationship based on the backward indication in SCI of TX3. The reservation chain can be reconstructed and RX UE can perform resource exclusion more accurately. So periodic reserved resources of TX1 and TX2 could be excluded and potential collision would be avoided. Therefore, backward indication should be supported.
Proposal 2: Backward indication should be supported, in order to provide reservation information as enough as possible and make resource exclusion more accurate for the sensing UEs.
In Release 17, resource allocation mechanism for power saving on sidelink has been discussed. Power saving UEs in V2X are VRUs whose safety is more important. However, because of limitation of power supply, power saving UEs would perform partial sensing and there would be reliability performance loss due to limited sensing results. In order to ensure power saving UE's transmission reliability, backward indication is more important to provide as more resource reservation information as possible by limited sensing results. Furthermore, considering compatibility between Release 16 UEs and Release 17 UEs, backward indication should be supported in Release 16 specification.
Proposal 3: In order to ensure reliability with the consideration of partial sensing, backward indication should be supported to provide as more resource reservation information as possible.
· Considering compatibility between Release 16 UEs and Release 17 UEs, backward indication should be supported in Release 16 specification.
The other issue is to determine the payload of backward indication. When Nmax is 2, there are two cases of indicating the transmission in the future and the transmission in the past. 1 bit backward indication is enough. While if Nmax is 3, 1 bit is not enough. As discussed in RAN1 #100-b-e meeting, if backward indication is 1 bit for Nmax =3, UE can indicate two cases. One case is to indicate the current transmission resource as the first one in SCI. The other case is to indicate the current transmission as the second one in SCI. As a result, it is not enough to reconstructed the resource reservation chain. For instance, it cannot achieve the reservation chain reconstruction result as illustrated in Fig.3(b). Furthermore, comparing to 1bit backward indication, additional overhead of only 1 bit is acceptable because reservation gain can be achieved.
Proposal 4: Option 3 of backward indication should be supported and the payload should be ceil(log2(Nmax)).
The following TP for Section 8.3.1.1 of  TS 38.212 is proposed:
---------------------------------------------------TP to TS 38.212 clause 8.3.1.1 starts-----------------------------------------------------
<<< UNCHANGED PARTS OMITTED >>>
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SCI format 1-A is used for the scheduling of PSSCH and 2nd-stage-SCI on PSSCH 
The following information is transmitted by means of the SCI format 1-A:
-	Priority – 3 bits as specified in clause 5.4.3.3 of [12, TS 23.287] and clause 5.22.1.3.1 of [8, TS 38.321].
-	Frequency resource assignment – bits when the value of the higher layer parameter sl-MaxNumPerReserve is configured to 2; otherwise  bits when the value of the higher layer parameter sl-MaxNumPerReserve is configured to 3, as defined in clause 8.1.5 of [6, TS 38.214].
-	Time resource assignment – 5 bits when the value of the higher layer parameter sl-MaxNumPerReserve is configured to 2; otherwise 9 bits when the value of the higher layer parameter sl-MaxNumPerReserve is configured to 3, as defined in clause 8.1.5 of [6, TS 38.214].
-	Resource reservation period – bits as defined in clause 16.4 of [5, TS 38.213], where  is the number of entries in the higher layer parameter sl-ResourceReservePeriodList, if higher layer parameter sl-MultiReserveResource is configured; 0 bit otherwise.
-	DMRS pattern – bits as defined in clause 8.4.1.1.2 of [4, TS 38.211], where  is the number of DMRS patterns configured by higher layer parameter sl-PSSCH-DMRS-TimePatternList.
-	2nd-stage SCI format – 2 bits as defined in Table 8.3.1.1-1.
-	Beta_offset indicator – 2 bits as provided by higher layer parameter sl-BetaOffsets2ndSCI and Table 8.3.1.1-2.
-	Number of DMRS port – 1 bit as defined in Table 8.3.1.1-3.
-	Modulation and coding scheme – 5 bits as defined in clause 8.1.3 of [6, TS 38.214].
-	Additional MCS table indicator – as defined in clause 8.1.3.1 of [6, TS 38.214]: 1 bit if one MCS table is configured by higher layer parameter sl-Additional-MCS-Table; 2 bits if two MCS tables are configured by higher layer parameter sl- Additional-MCS-Table; 0 bit otherwise.
-	PSFCH overhead indication – 1 bit as defined clause 8.1.3.2 of [6, TS 38.214] if higher layer parameter sl-PSFCH-Period = 2 or 4; 0 bit otherwise.
-    Backward indication –  bits as defined clause x.x.x.x of [6, TS 38.214], with the value   set to the higher layer parameter MaxNumPerReserve .
-	Reserved – a number of bits as determined by higher layer parameter sl-NumReservedBits, with value set to zero.
<<< UNCHANGED PARTS OMITTED >>>
----------------------------------------------------TP to TS 38.212 clause 8.3.1.1 ends-----------------------------------------------------
TP for IE sl-ThresPSSCH-RSRP-List and one other correction
In LTE-V2X, PSSCH-RSRP is specified for Sidelink RSRP measurement only. In NR-V2X, both PSSCH-RSRP (specified in Section 5.1.23 in TS 38.215) and PSCCH-RSRP (specified in Section 5.1.24 in TS 38.215) are supported. However, in TS 38.214 and TS 38.331, IE sl-ThresPSSCH-RSRP-List is reused to indicate Sidelink RSRP thresholds. It would cause misunderstanding. To be clear, it should be modified to sl-Thres-RSRP-List.
In RAN2 #113e meeting, this issue is discussed and agreed by RAN2[3]. 
	R2-2102174	Summary of [AT113-e][701][V2X] Miscellaneous corrections	Huawei, HiSilicon	discussion
…
Recommendation 13: RAN2 agree to modify sl-ThresPSSCH-RSRP-List to sl-Thres-RSRP-List and clarify in the field description that PSCCH RSRP can be used to compare with the threshold as proposed in R2-2100919.
…
· All recommendations above are agreed.



Proposal 5: In section 8.1.4 of TS 38.214, sl-ThresPSSCH-RSRP-List should be modified to sl-Thres-RSRP-List.
· RAN2 agreed this modification in RAN2 #113e meeting.
Additionally, in Section 8.1.4, there is a wording of "remaining packet budget"  should be corrected as "remaining packet delay budget".
Proposal 6: In section 8.1.4 of TS 38.214, there should be one correction that "remaining packet budget" to define T2 should be replaced by "remaining packet delay budget".
The following TP for Section 8.1.4 of  TS 38.214 is proposed:
----------------------------------------------------TP to TS 38.214 clause 8.1.4 starts------------------------------------------------------
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 higher layer parameters affect this procedure:
-	sl-SelectionWindowList: internal parameter  is set to the corresponding value from higher layer parameter sl-SelectionWindowList for the given value of .
-	sl-ThresPSSCH-RSRP-List: this higher layer parameter provides an RSRP threshold for each combination , where  is the value of the priority field in a received SCI format 1-A and  is the priority of the transmission of the UE selecting resources; for a given invocation of this procedure, .
-	sl-RS-ForSensing selects if the UE uses the PSSCH-RSRP or PSCCH-RSRP measurement, as defined in clause 8.4.2.1.
-	sl-ResourceReservePeriodList
-	sl-SensingWindow: internal parameter  is defined as the number of slots corresponding to sl-SensingWindow msec
-	sl-TxPercentageList: internal parameter  for a given  is defined as sl-TxPercentageList () converted from percentage to ratio
-	sl-PreemptionEnable: if sl-PreemptionEnable is provided, and if it is not equal to 'enabled', internal parameter  is set to the higher layer provided parameter sl-PreemptionEnable
The resource reservation interval, , if provided, is converted from units of msec to units of logical slots, resulting in  according to clause 8.1.7.
Notation:
 denotes the set of slots which belongs to the sidelink resource pool and is defined in Clause 8.
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 defined in slots in Table 8.1.4-2 where  is the SCS configuration of the SL BWP; 
-	if  is shorter than the remaining packet delay budget (in slots) then is up to UE implementation subject to    remaining packet delay 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 defined in slots in Table 8.1.4-1 where  is the SCS configuration of the SL BWP. The UE shall monitor slots which belongs 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.
3)	The internal parameter  is set to the corresponding value of RSRP threshold indicated by the i-th field in sl-ThresPSSCH-RSRP-List, where .
<<< UNCHANGED PARTS OMITTED >>>
-----------------------------------------------------TP to TS 38.214 clause 8.1.4 ends------------------------------------------------------
Conclusion
In this contribution, remaining issues of Mode 2 resource allocation mechanism in NR-V2X are discussed. Particularly, we have the following observations and proposals:
Proposal 1: Agree the concluded Proposal 2-4 in R1-2007220 and send LS to RAN2.
· When resource (re-)selection for a given TB is performed, it is up to RAN2 and MAC specification how to ensure that resources for different TBs are selected in different slots.
Proposal 2: Backward indication should be supported, in order to provide reservation information as enough as possible and make resource exclusion more accurate for the sensing UEs.
Proposal 3: In order to ensure reliability with the consideration of partial sensing, backward indication should be supported to provide as more resource reservation information as possible.
· Considering compatibility between Release 16 UEs and Release 17 UEs, backward indication should be supported in Release 16 specification.
Proposal 4: Option 3 of backward indication should be supported and the payload should be ceil(log2(Nmax)).
	-------------------------------------------------TP to TS 38.212 clause 8.3.1.1 starts---------------------------------------------------
<<< UNCHANGED PARTS OMITTED >>>
8.3.1.1	SCI format 1-A
SCI format 1-A is used for the scheduling of PSSCH and 2nd-stage-SCI on PSSCH 
The following information is transmitted by means of the SCI format 1-A:
-	Priority – 3 bits as specified in clause 5.4.3.3 of [12, TS 23.287] and clause 5.22.1.3.1 of [8, TS 38.321].
-	Frequency resource assignment – bits when the value of the higher layer parameter sl-MaxNumPerReserve is configured to 2; otherwise  bits when the value of the higher layer parameter sl-MaxNumPerReserve is configured to 3, as defined in clause 8.1.5 of [6, TS 38.214].
-	Time resource assignment – 5 bits when the value of the higher layer parameter sl-MaxNumPerReserve is configured to 2; otherwise 9 bits when the value of the higher layer parameter sl-MaxNumPerReserve is configured to 3, as defined in clause 8.1.5 of [6, TS 38.214].
-	Resource reservation period – bits as defined in clause 16.4 of [5, TS 38.213], where  is the number of entries in the higher layer parameter sl-ResourceReservePeriodList, if higher layer parameter sl-MultiReserveResource is configured; 0 bit otherwise.
-	DMRS pattern – bits as defined in clause 8.4.1.1.2 of [4, TS 38.211], where  is the number of DMRS patterns configured by higher layer parameter sl-PSSCH-DMRS-TimePatternList.
-	2nd-stage SCI format – 2 bits as defined in Table 8.3.1.1-1.
-	Beta_offset indicator – 2 bits as provided by higher layer parameter sl-BetaOffsets2ndSCI and Table 8.3.1.1-2.
-	Number of DMRS port – 1 bit as defined in Table 8.3.1.1-3.
-	Modulation and coding scheme – 5 bits as defined in clause 8.1.3 of [6, TS 38.214].
-	Additional MCS table indicator – as defined in clause 8.1.3.1 of [6, TS 38.214]: 1 bit if one MCS table is configured by higher layer parameter sl-Additional-MCS-Table; 2 bits if two MCS tables are configured by higher layer parameter sl- Additional-MCS-Table; 0 bit otherwise.
-	PSFCH overhead indication – 1 bit as defined clause 8.1.3.2 of [6, TS 38.214] if higher layer parameter sl-PSFCH-Period = 2 or 4; 0 bit otherwise.
-    Backward indication –  bits as defined clause x.x.x.x of [6, TS 38.214], with the value   set to the higher layer parameter MaxNumPerReserve .
-	Reserved – a number of bits as determined by higher layer parameter sl-NumReservedBits, with value set to zero.
<<< UNCHANGED PARTS OMITTED >>>
--------------------------------------------------TP to TS 38.212 clause 8.3.1.1 ends---------------------------------------------------


Proposal 5: In section 8.1.4 of TS 38.214, sl-ThresPSSCH-RSRP-List should be modified to sl-Thres-RSRP-List.
· RAN2 agreed this modification in RAN2 #113e meeting.
Proposal 6: In section 8.1.4 of TS 38.214, there should be one correction that "remaining packet budget" to define T2 should be replaced by "remaining packet delay budget".
	--------------------------------------------------TP to TS 38.214 clause 8.1.4 starts-----------------------------------------------------
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 higher layer parameters affect this procedure:
-	sl-SelectionWindowList: internal parameter  is set to the corresponding value from higher layer parameter sl-SelectionWindowList for the given value of .
-	sl-ThresPSSCH-RSRP-List: this higher layer parameter provides an RSRP threshold for each combination , where  is the value of the priority field in a received SCI format 1-A and  is the priority of the transmission of the UE selecting resources; for a given invocation of this procedure, .
-	sl-RS-ForSensing selects if the UE uses the PSSCH-RSRP or PSCCH-RSRP measurement, as defined in clause 8.4.2.1.
-	sl-ResourceReservePeriodList
-	sl-SensingWindow: internal parameter  is defined as the number of slots corresponding to sl-SensingWindow msec
-	sl-TxPercentageList: internal parameter  for a given  is defined as sl-TxPercentageList () converted from percentage to ratio
-	sl-PreemptionEnable: if sl-PreemptionEnable is provided, and if it is not equal to 'enabled', internal parameter  is set to the higher layer provided parameter sl-PreemptionEnable
The resource reservation interval, , if provided, is converted from units of msec to units of logical slots, resulting in  according to clause 8.1.7.
Notation:
 denotes the set of slots which belongs to the sidelink resource pool and is defined in Clause 8.
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 defined in slots in Table 8.1.4-2 where  is the SCS configuration of the SL BWP; 
-	if  is shorter than the remaining packet delay budget (in slots) then is up to UE implementation subject to    remaining packet delay 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 defined in slots in Table 8.1.4-1 where  is the SCS configuration of the SL BWP. The UE shall monitor slots which belongs 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.
3)	The internal parameter  is set to the corresponding value of RSRP threshold indicated by the i-th field in sl-ThresPSSCH-RSRP-List, where .
<<< UNCHANGED PARTS OMITTED >>>
---------------------------------------------------TP to TS 38.214 clause 8.1.4 ends----------------------------------------------------
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