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1 Introduction

In the description of the work item [1] for 5G V2X with NR sidelink, the following objectives were specified for Mode 2 resource allocation for NR sidelink:
1. NR sidelink: Specify NR sidelink solutions necessary to support sidelink unicast, sidelink groupcast, and sidelink broadcast for V2X services, considering in-network coverage, out-of-network coverage, and partial network coverage.

· Support of sidelink signals, channels, bandwidth part, and resource pools [RAN1, RAN2]
· Resource allocation [RAN1, RAN2]

· Mode 1

· NR sidelink scheduling by NR Uu and LTE Uu as per the study outcome

· Mode 2

· Sensing and resource selection procedures based on sidelink pre-configuration and configuration by NR Uu and LTE Uu as per the study outcome

· Support for simultaneous configuration of Mode 1 and Mode 2 for a UE

· Transmitter UE operation in this configuration is to be discussed after the design of mode 1 only and mode 2 only.

· Receiver UE can receive the transmissions without knowing the resource allocation mode used by the transmitter UE. 

· UE relaying resource pool configuration or resource configuration is not supported in this work in Rel-16.

At RAN1#98bis, the following agreements were reached [2]:
Agreements:

· Maximum number of HARQ (re-)transmissions is (pre-)configured per priority per CBR range per transmission resource pool


· The priority is the one signaled in SCI

· This includes both blind and feedback-based HARQ (re)-transmission

· The value range is any value from 1 to 32

· If the HARQ (re)transmissions for a TB can have a mixed blind and feedback-based approached (FFS whether or not to support this case), the counter applies to the combined total

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

Agreements:

· In Step 1, initial L1 SL-RSRP threshold for each combination of pi and pj is (pre-)configured, where pi - priority indication associated with the resource indicated in SCI and pj - priority of the transmission in the UE selecting 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

Agreements:

· Support a resource pre-emption mechanism for Mode-2
· A UE triggers reselection of already signaled resource(s) as a resource reservation in case of overlap with resource(s) of a higher priority reservation from a different UE and, SL-RSRP measurement associated with the resource reserved by that different UE is larger than an associated SL-RSRP threshold

· Only the overlapped resource(s) is/are reselected

· FFS

· the timeline for reselection

· other details

· FFS whether or not to support other potential UE behaviour (e.g, power boosting/reduction)

· This mechanism can be enabled or disabled, per resource pool

· FFS details
In this contribution, we provide our views on remaining issues of mode 2 sidelink resource allocation for NR V2X. 

2 Resource allocation for mode 2 
In the RAN1-98bis meeting, there were some discussions on the single subchannel PSCCH+PSSCH which could be used to reserve resources for the SL transmissions of a TB that have not been reserved by the previous TBs. In the email discussions on the single subchannel PSCCH+PSSCH [98b-NR-14], the following proposals were agreed.

Proposals:

· Support at least an initial transmission and reservation of the resource(s) for retransmission(s) to have the same number of sub-channels

· To down-select in the early week of RAN1#99 one of the following:

· Alt. 1-1: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for retransmission(s) of a TB with a larger number of sub-channels, where PSSCH REs are occupied by 2nd stage SCI and by SCH

· 1 bit indication is carried in 1st stage SCI to distinguish the single sub-channel

· TBS is determined based on number of sub-channels indicated for reserved resource(s)

· RV is determined based on explicit field in 2nd stage SCI (as agreed)

· Alt. 1-2: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for the initial transmission and possibly retransmission(s) of a TB with a larger number of sub-channels, where all available PSSCH REs in the single sub-channel PSCCH+PSSCH are occupied only by 2nd stage SCI

· FFS how to indicate

· 1st stage SCI indicates that PSSCH REs are occupied by 2nd stage SCI

· Alt. 2: Do not support the different number of sub-channels between initial transmission and reservation of resource(s) for retransmission(s)

· Alt 1 is not supported in this case

· Companies are encouraged to provide more analysis and evaluations for the above 3 alternatives
In our view, the single subchannel PSCCH+PSSCH could benefit the mitigation of the resource selection collisions especially in presence of aperiodic TB packets and consequently could improve the system performance. Thus the single subchannel PSCCH+PSSCH can be supported. In the email discussions, there are two alternatives for the single subchannel PSCCH+PSSCH. In Alt. 1-1, PSSCH REs are used to carry the 2nd stage SCI and SL-SCH while in Alt. 1-2, only the 2nd stage SCI is carried on the PSSCH REs. In our view, the Alt. 1-1 could provide more efficient use of resources especially when the subchannel size is large. In particular, the SL-SCH over single subchannel PSSCH could provide power gains and/or incremental redundancy gains in combination with the subsequent SL transmission over more subchannels. Thus, Alt. 1-1 is preferred. 
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Figure 1: single sub-channel PSCCH+PSSCH for resource reservation 
Proposal 1: Support Alt. 1-1: a single sub-channel PSCCH+PSSCH reserving resource(s) for retransmission(s) of a TB with a larger number of sub-channels where PSSCH REs are occupied by 2nd stage SCI and by SL-SCH.
In NR V2X, aperiodic data packets may share the same resource pool with periodic packets. The presence of aperiodic packets brings the following impact: the energy measurement (S-RSSI), which is averaged over a number of periodic resources, may be disturbed severely by aperiodic data packets. Motivated by the consideration, extra measure should be taken: the long-term S-RSSI measurement on periodic packets should remove the contributions from aperiodic packets.
For coexistence of both periodic and aperiodic packets in a common resource pool, sensing at UEs includes two parts: long-term sensing and short-term sensing. Long-term sensing aims at estimating the profile of resource usage by periodic traffic. Short-term sensing aims at estimating the profile of resource usage by aperiodic traffic. For long-term sensing, sensing window is set to be a time window of max periodicity. Sensing includes both SCI decoding and sidelink channel measurements (PSSCH-RSRP and S-RSSI) on periodic packets. 
As detailed above, long term S-RSSI measurement mechanism for periodic packets should be enhanced to remove the contributions from aperiodic packets. For short-term sensing, sensing includes SCI decoding with potential sidelink channel measurements (e.g. PSCCH-RSRP) on aperiodic packets. 
One potential way to enhance long term S-RSSI measurement is that the S-RSSI measurement is based only on periodic packet specific DMRS and aperiodic packets use DMRS pattern orthogonal to the periodic packets (e.g. in FDM).  Some system level simulations were made to evaluate the impact of aperiodic packets on the S-RSSI measurements and resource selection as shown in Figure 2. In the simulations, 50% UEs with periodic traffic and the rest UEs with aperiodic traffic share the same resource pool. Sensing-based UE-autonomous resource selection is used for both the traffic types (It is assumed that PSCCH with resource reservation is transmitted ahead of data for aperiodic packets). Other simulation conditions are listed in table 1 in appendix. The simulation results show that aperiodic packets have large negative impact on the S-RSSI measurement and associated resource selection by the UE.
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Figure 2: Evaluation of the impact of aperiodic packets on the sensing-based resource selection
Based on sensing results, the UE selects resources from a selection window (set according to latency requirement). As agreed in previous meetings, the resource (re-)selection procedure includes the following steps: Step 1: Identification of candidate resources within the resource selection window; Step 2: Resource selection for (re-)transmission(s) from the identified candidate resources. In the first step, the UE excludes resources that are occupied by periodic traffic or aperiodic traffic and have RSRP values exceeding the relevant threshold. In the second step, the UE ranks the remaining resources as per the energy measurement results (e.g. S-RSSI) and selects resources with the least energy measurements. 
Observation 1: Aperiodic packets have large negative impact on the S-RSSI measurement and associated resource selection by the UE.

Proposal 2: Consider the solution to mitigate the impact of aperiodic packets on the sidelink channel measurement and UE resource selection. S-RSSI measurement based on DMRS could be considered.
In the email discussions on resource selection and sensing windows [98b-NR-16], the following proposals were agreed.
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
· A UE is expected to select resources for all intended (re-)transmissions within the PDB, i.e. the number of intended (re-)transmissions is an input to the resource (re-)selection procedure
FFS other details of T2min including whether the minimum window duration T2min - T1 is a function of priority. In our view, the minimum window duration T2min - T1 shouldn’t be set as a function of priority since SL-RSRP thresholds used in resource selection are already associated with priorities.
Tproc,0 and Tproc,1 are defined as a sum, and T3 is the sum of Tproc,0 and Tproc,1. 

Proposal 3: For resource selection window, don’t associate the minimum window duration T2min - T1 with priority. 
Proposal 4: Tproc,0 and Tproc,1 are defined as a sum, and T3 is the sum of Tproc,0 and Tproc,1. 
In the email discussions on maximum number of reserved resources for a TB [98b-NR-15], the following proposals were agreed.
Agreements
· When reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is disabled, NMAX is 3
· SCI signaling is designed to allow to indicate 1 or 2 or 3 resources at least of the same number of sub-channels with full flexibility in time and frequency position in a window W of a resource pool 
· FFS: if full flexibility is limited in some cases

· Value 2 or 3 is (pre-)configured per resource pool
· FFS size of window W
· When reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is enabled, select in RAN1#99 from the following: 
· Option 1-a. A period > W is additionally signaled in SCI and the same reservation is applied with respect to resources indicated within NMAX within window W at subsequent periods 
· FFS number of subsequent reservation periods

· FFS NMAX is always same regardless if a period > W is additionally signaled or not for SCI size perspective. 

· Option 1-b. A time gap > W is additionally signaled in SCI and the same reservation is applied with respect to resources indicated within NMAX within window W at resources indicated by the time gap 
· FFS NMAX is always same regardless if a time gap > W is additionally signaled or not for SCI size perspective. 

· Option 2. There is no additional field (NDI and HARQ ID are used at the moment of SCI reception) to distinguish reservation for another TB, and at least one of NMAX resources can be signaled beyond window W
When reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is disabled, FFS: if full flexibility is limited in some cases. Considering diverse data traffic needed to be supported by NR V2X, full flexibility shouldn’t be limited to accommodate more data traffic and to provide better system level performance. FFS size of window W. W can be set as 32 to achieve enough time diversity. 
When reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is enabled, three options need to be selected in RAN1#99. Option 1-a should be supported: a period > W is additionally signaled in SCI and the same reservation is applied with respect to resources indicated within NMAX within window W at subsequent periods. This can facilitate resource selection and coexistence of periodic and aperiodic data traffic. And NMAX is always same. 
Proposal 5: When reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is disabled, SCI signaling is designed to allow to indicate 1 or 2 or 3 resources at least of the same number of sub-channels with full flexibility in time and frequency position in a window W of a resource pool. 
Full flexibility shouldn’t be limited. 
Set the window W as 32 to achieve enough time diversity.  
Proposal 6: When reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is enabled, support Option 1-a with a period > W additionally signaled in SCI. NMAX is always same.
As agreed previously, SCI payload indicates sub-channel(s) and slot(s) used by a UE and/or reserved by a UE for PSSCH (re-)transmission(s). SL minimum resource allocation unit is a slot. Slots aggregation is not necessary. A large packet can be divided into multiple small packets at higher layer so that the TB size of each packet at PHY can be accommodated in a slot. In case of multiple slots, the indicated slots shouldn’t be contiguous. Contiguous slots occupied by a UE’s transmission would increase latency for other UEs’ transmissions if the transmission from the UE aims at those UEs. One the other hand, contiguous slots impact the UE’s prompt reception of other UEs’ transmissions due to half duplex constraint.   
Proposal 7: Slot aggregation is not supported. 

Proposal 8: In case of multiple slots, the indicated slots are not contiguous. 
3 Conclusions

In this contribution, we provide our views on mode 2 sidelink resource allocation for NR V2X, summarized in the following proposals and observations: 
Proposal 1: Support Alt. 1-1: a single sub-channel PSCCH+PSSCH reserving resource(s) for retransmission(s) of a TB with a larger number of sub-channels where PSSCH REs are occupied by 2nd stage SCI and by SL-SCH.
Proposal 2: Consider the solution to mitigate the impact of aperiodic packets on the sidelink channel measurement and UE resource selection. S-RSSI measurement based on DMRS could be considered.
Proposal 3: For resource selection window, don’t associate the minimum window duration T2min - T1 with priority. 

Proposal 4: Tproc,0 and Tproc,1 are defined as a sum, and T3 is the sum of Tproc,0 and Tproc,1. 
Proposal 5: When reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is disabled, SCI signaling is designed to allow to indicate 1 or 2 or 3 resources at least of the same number of sub-channels with full flexibility in time and frequency position in a window W of a resource pool. 
Full flexibility shouldn’t be limited. 
Set the window W as 32 to achieve enough time diversity.  

Proposal 6: When reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is enabled, support Option 1-a with a period > W additionally signaled in SCI. NMAX is always same.
Proposal 7: Slot aggregation is not supported. 

Proposal 8: In case of multiple slots, the indicated slots are not contiguous. 
Observation 1: Aperiodic packets have large negative impact on the S-RSSI measurement and associated resource selection by the UE.
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· Appendix 

Table 1: System level simulation conditions for Fig. 2
	Parameters
	Values

	Carrier frequency
	6 GHz

	SCS (sub-carrier spacing)

	15 KHz

	Bandwidth
	20 MHz for PSSCH

	Packet modulation/coding
	16 QAM, ½ LDPC, 8 PRBs per subchannel

	Number of TX/RX antenna number
	2Tx/4Rx

	Antenna model for vehicle UE
	Option 1

	Velocity for vehicle TX UE and RX UE
	Highway scenario: 

Option A: 140 km/h 

	PSSCH transmission number per TB 

	Single transmission per TB

	Service type
	Broadcast traffic with mixed 50% periodic UEs and 50% aperiodic UEs. Medium intensity for both periodic traffic (with period of 50m) and aperiodic traffic, as defined in TR37.885.

	Resource selection method
	Sensing-based resource selection for both periodic and aperiodic packets.

SPT for periodic packets; resource reservation for aperiodic packet ahead of PSSCH. 


