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1. Introduction
For UE autonomous resource allocation mode, generally referred as Mode 2 in NR sidelink, operation of sub-modes 2(a)/(c)/(d) were discussed in RAN1-AH#1901 and RAN1#96 meetings. Some top-level progress was achieved in terms of sensing and resource (re)selection under Mode 2. And at some level, a basic working principal of how sub-mode 2(d) would be supported in NR-V2X Rel-16 is also taking form. A full list of agreements reached during these meetings [1] [2] are copied below for convenience.
	Agreements:
· Mode-2 supports the sensing and resource (re)-selection procedures according to the previously agreed definitions. 
· FFS resource granularity for sensing & resource (re)-selection, e.g., PRB(s), slots, resource patterns (when applicable), etc.
· FFS detailed conditions when these procedures can apply
Agreements:
· For the purpose of performance evaluation for Mode-2(c), the following Mode-2(c) transmission pattern selection is used when a UE is configured with a pool of patterns:
· Sensing based pattern selection (e.g. UE selects unused pattern based on sensing results) 
· Additional information to assist pattern selection is not precluded, e.g., by using UE geographical location information 
Agreements:
· Sub-channel based resource allocation is supported for PSSCH
· FFS details for sub-channels
· FFS other use cases for sub-channel (e.g., measurement, interaction with PSCCH, etc.)
Agreements:
· SCI decoding applied during sensing procedure provides at least information on sidelink resources indicated by the UE transmitting the SCI 
Agreements:
· At least for the purpose of evaluation, in Mode-2(d), at least for group operation, a member UE transmits on resources configured by another UE (S-UE) within the same group
· High layer signaling is assumed between S-UE and a member UE
Agreements:
· Blind retransmissions of a TB are supported for SL by NR-V2X
· Details are for the WI phase
Agreements:
· NR V2X Mode-2 supports reservation of sidelink resources at least for blind retransmission of a TB
· Whether reservation is supported for initial transmission of a TB is to be discussed in the WI phase
· Whether reservation is supported for potential retransmissions based on HARQ feedback is for the WI phase
Agreements:
· Mode-2 sensing procedure utilizes the following sidelink measurement
· L1 SL-RSRP based on sidelink DMRS when the corresponding SCI is decoded
· FFS whether/which measurement is used if the corresponding SCI is not decoded e.g. SL-RSRP after blind DMRS detection, SL-RSSI
Agreements:
In the context of Mode-2(d), NR V2X supports the following functionality:
· A UE informs gNB about group members and gNB provides individual resource pool configuration and/or individual resource configuration through the same UE to each group member UE within the same group. It does not require connection between member UE and gNB
· The UE cannot modify the configuration provided by gNB
· Higher layer signaling is to be used to provide the configuration. No physical layer signaling is used
· FFS if one or both options are supported (i.e. resource pool configuration(s) or resource configuration)
· FFS which functionality defined as a part of Mode-2 is applicable for this feature
· This functionality is up to UE capability(ies)



In this contribution, we focus on sub-mode 2(a) operation only, since sub-mode 2(d) related UE relaying resource pool configuration or resource configuration for member UEs within the same group has been precluded from the NR-V2X WI scope [3]. We will discuss about sub-mode 2(a) related aspects and possible enhancement from the LTE-V2X mode 4 operation.

2. Discussion
2.1 Sub-mode 2(a) UE autonomously (re)select sidelink resource for transmission
Sensing + SPS for periodic traffic
[bookmark: _Hlk525747375]Under sub-mode 2(a) for UE autonomous (re)selection of SL resource for transmission, the same basic working principle as LTE-V2X mode 4, where a UE first perform sensing before resource selection and reservation in a SPS manner, would seem still appropriate at least for periodic traffic transmissions in NR-V2X when the traffic pattern is predictable and the reservation can be easily understood by other sensing UEs to avoid/minimize Tx collisions. However, in the LTE-V2X mode 4 resource selection procedure, it adopted a hard resource exclusion criterion where a SL resource must be excluded from a set of candidate resources for selection if it has been already reserved and the corresponding PSSCH-RSRP measurement result is higher than a threshold. As a consequence, some candidate SL resources or a set of resources could not be selected by a UE due to only a single or just a few resources down the line (in the future) that have already been reserved by others, and thus limiting number of resource candidates for selection and resulting in poor SL resource utilization even though CBR could be measured at a reasonable level.
To improve from this, some enhancement or modifications to the existing sensing + SPS resource selection procedure should be considered, such as SL resource pre-emption. In the SL resource pre-emption, it allows a UE with high priority packets to select SL resources that have already been reserved by other UEs with lower priority packets and “pre-empt these resources” by sending its SL resource reservation in advance so that lower priority packet UEs have sufficient time to perform resource reselection for the pre-empted resources. This type of new behaviour is expected to be useful for medium to heavy congested resource pools, but some restrictions (e.g. no consistent pre-emption/take-over) should be imposed so to minimize negative impact to the original resource reserving UEs with lower priority packets.
Observation 1: Same basic working principle in LTE-V2X mode 4, where a UE first perform sensing before resource selection and reservation in a SPS manner, would still be appropriate for at least periodic traffic transmissions in NR-V2X sub-mode 2(a).
Proposal 1: Enhancement to sub-mode 2(a) to incorporate resource pre-emption by reservation as part of sensing and resource selection procedure would help to secure SL resources for transmitting higher priority messages and to improve utilization of SL resources.
As it has been described in the WID [3], “… the focus and scope of NR V2X is to target advanced V2X use cases. However, this does not imply that NR V2X cannot support basic safety use cases. It is clearly up to the regional regulators and the stakeholders involved (i.e. Car OEMs and automotive ecosystem in general) to decide on the technology of choice for any service and any use case.” Therefore, in order to allow this flexibility of technology choice for any services and use cases, periodic traffic type should continue to be supported in NR-V2X. Technically, this means the supported set of resource reservation intervals should cover wide range of values including the ones based on the normative requirements specified in [4] and also the ones that are already supported since Rel-14. According to [4], the minimum set of reservation periods that should be supported in NR-V2X are {10ms, 20ms, 33ms, 100ms, 500ms}. These, however, do not have to correspond to a set of packet latency requirement, which are normally needed for setting the T2 value {3ms, 5ms, 10ms, 20ms, 25ms, 50ms, 100ms, 500ms}. To incorporate legacy intervals from Rel-14, a full set of reservation periods would be {10, 20, 33, 50, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000}ms.
Proposal 2: The minimum set of reservation periods that should be at least supported in NR-V2X are {10ms, 20ms, 33ms, 100ms, 500ms}. In order to allow full flexibility of technology choice for any services and use cases, a full set of reservation periods would be {10, 20, 33, 50, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000}ms.
For other aspects of sub-mode 2(a) operation, such as information that need to be extracted from SCI decoding should include at least the same set of information as in LTE mode 4. That is, reservation periodicity for periodic traffic, and time/frequency location of SL resources for initial transmission and re-transmissions – if supported. In terms of sidelink measurements, this could also follow the same as in LTE-V2X, i.e. PSSCH-RSRP. On the timescale for aperiodic traffic, the sensing timescale could be much smaller. This is further explained in the next section of this paper. For starter, 50ms can be an option for short term sensing.
Proposal 3: The purpose of SCI decoding during sensing procedure is at least to extract the following information on SL resources that is explicitly indicated by the Tx-UE in PSCCH:
· Time/frequency location(s) and number of PSSCH sub-channels for initial and re-transmission(s)
· Reservation periodicity (for periodic traffic); this could be set to zero for one-shot transmission (aperiodic traffic)
For NR-V2X, it is already agreed to support SFCI reporting from the Rx-UE to the Tx-UE as part of NR sidelink operation. Therefore, relevant SFCI that should be extracted during the sensing procedure and subsequently used in resource selection could include ACK/NACK feedback (CBG level if supported), CQI/MCS level, and possibly power control indications for deciding whether to increase/decrease Tx power or changing MCS level/size of time/frequency resources. In addition, the sensing procedure could also include assistance and/or scheduling information from another UE (e.g. group header), as these information influence resource selection outcome for the target UE. 
For SL resource (re)selection, also same as LTE-V2X mode 4, the timescale and conditions should include at least packet latency period, end of resource reservation period, change of message TB size, change of MCS selection, new/additional data TB arrival, and CBR level. In addition, as discussed earlier on SL pre-emption operation to further protect / enhance reliability of high priority packet delivery, if a reserved SL resource(s) is pre-empted by another UE, the affected UE should re-select a different SL resource(s) if the pre-emption is detected for another higher priority transmission. 
Observation 2: One sidelink measurement that would be useful for Mode 2 operation and should continue to be supported for NR-V2X is PSSCH-RSRP.
Observation 3: Relevant SFCI information that should be part of sensing procedure and also be taken into account during SL resource (re)selection would include ACK/NACK feedback (CBG level if supported), CQI/MCS level, and possibly power control indications.
Observation 4: The timescale and conditions for SL resource (re)selection should include at least packet latency period, end of resource reservation period, change of message TB size, change of MCS selection, new/additional data TB arrival, and CBR level.
Proposal 4: When a reserved SL resource(s) is pre-empted by another UE, the affected UE should re-select a different SL resource(s) if the pre-emption is detected for another higher priority transmission.
[bookmark: _Hlk1108314]Since sub-channel based RA is supported for PSSCH, it should be used as a basic unit for SL sensing, resource (re)selection and measurements.
· Time duration of a PSSCH sub-channel should be exactly one slot. Slot aggregation can be supported and used when it is necessary (e.g. large packets, limited SL resources in the frequency domain, latency tolerate transmissions).
· Frequency size (x Hz) of a PSSCH sub-channel can be left FFS for now as it depends on the minimum packet size that should be supported. In addition, this could be SCS dependent as well.
Proposal 6: Since sub-channel based RA is supported for PSSCH, it should be used as a basic unit for SL sensing, resource (re)selection and measurements. In addition, Time duration of a PSSCH sub-channel should be exactly one slot. FFS on the frequency size.
As for PSFCH resource selection / re-selection, it depends on whether there is a fixed relationship between PSCCH/PSSCH and PSFCH resources. If a fixed relationship is defined, e.g. PSFCH is always after PSSCH in a self-contained TTI, PSFCH resource is determined based on the (re)selection of PSSCH resource. If PSFCH resource is to be decided by the Rx UE, then the selection of resource should be based on sensing operation by the Rx UE and may be also confined by a latency requirement which should be indicated to the Rx UE from the Tx. If PSFCH resource is not dependent or associated with PSSCH and it is to be decided by the Tx UE, then the selection of resource should be based on sensing operation by the Tx UE. If the Rx UE is located in another cell, information relating to transmission resource pool from the Rx UE should be provided to the Tx-UE.
Observation 5: 
· If there is a fixed relationship between PSCCH/PSSCH and PSFCH resources (e.g. in a self-contained slot/TTI), PSFCH resource would be determined based on the (re)selection of PSSCH resource.
· If PSFCH resource is decided by the Rx UE, then the selection of resource should be based on sensing operation by the Rx UE and confined within a latency requirement which is to be indicated to the Rx UE from the Tx UE.
· If PSFCH resource is decided by the Tx UE, then the selection of resource should be based on Tx UE sensing. If he Rx UE is located in another cell, information relating to transmission resource pool from the Rx UE should be provided to the Tx.
One-shot transmission for aperiodic traffic
For aperiodic traffic, In LTE-V2X mode 4, it is already supported for UEs to perform one-shot transmission with sensing. In a way, it is almost the same mechanism as sensing + SPS. The only difference in this case the transmission is only for one-shot and resource reservation field in the SCI is set to zero. Although the difference is small, but overall implication to the packet reception and Tx collision is quite different. That is, in the case of SPS, the reservation of periodic SL resources can be detected and known to other UEs performing sensing. But for the one-shot transmission, it is not possible for others to know in advance another UE’s intention to transmit. Therefore, the risk of Tx collision will be higher than the periodic reservation (SPS) case.
To resolve this, pre-emption type of resource booking should be considered for aperiodic transmissions in NR-V2X mode 2(a). For each UE, up on selection of a target PSSCH resource(s) to be used for message transmission, the Tx-UE sends in advance a pre-emption message (e.g. carried in PSCCH) to indicate and book the target PSSCH resource(s). In order to ensure the target PSSCH resource booking is received by others, the pre-emption message can be transmitted twice in two PSCCH resources that are separated in time and frequency, in case some UEs could not receive the message in the first transmission due to half-duplex issue or Tx collision with other pre-emptions. In addition, we also see pre-emption type of resource booking can be quite beneficial for high priority packet transmissions where scarcity in number of unused/empty resources often occurs with a short latency requirement. 
Since the traffic is one-shot / aperiodic in nature and does not have a fixed periodicity (no resource reservation needed), most likely the UE would transmit the message upon its arrival as soon as there is an available SL resource. Therefore, the gap between pre-emption messages and the selected target SL resource(s) should not be far apart and within the latency limit. As such, the sensing period for resource pre-emption would not need to be too long either to save UE power consumption and memory buffer. In the following, we evaluated this “short term sensing” for PSSCH resource pre-emption for both periodic and aperiodic types of traffic and also evaluated various pre-emption schemes as described in the following. 
· Short term sensing (STS) baseline scheme: It’s same working principle as LTE-sidelink mode 4 sensing and resource selection with a SA reading/sensing period prior to packet generation/arrival from the upper layers and a resource selection window after the packet generation/arrival. In this baseline scheme, the SA reading/sensing period is set at 50ms and the resource selection window is also set at 50ms for performance evaluation. Based on SA reading/sensing results, first a set of available PSSCH resources are determined within the resource selection window and a PSSCH resource is randomly selected among all of the available resources for data transmission. Then a PSCCH resource is also randomly selected for the pre-emption indication (SCI) within the resource selection window but before the selected PSSCH resource.
· Short term sensing (STS) within Xms: Same as the above STS-baseline scheme, where a PSSCH resource is randomly selected among the set of available / unused resources within the selection window. But after the random selection of the PSSCH resource, the associated PSCCH resource is randomly selected and the pre-emption indication (SCI) is transmitted as soon as possible, within Xms. In the following simulation evaluation, X is set to 5ms.
· Short term sensing with two PSCCH transmissions: Same as the above STS-baseline scheme, a PSSCH resource is randomly selected among the set of available / unused resources within the selection window. But the associated PSCCH / pre-emption indication is repeated and transmitted twice before the PSSCH to improve detection performance, instead of once in the baseline scheme.
· Short term sensing (STS) continuous sensing: Same as the above STS-baseline scheme, a PSCCH and a PSSCH resource are randomly selected among the set of available / unused resources within the selection window. Furthermore, UE continue to perform SA reading and sensing before the associated PSCCH / pre-emption SCI is transmitted. If potential Tx collision is detected (e.g. a pre-emption SCI is received from another UE indicating the same or overlapping the selected PSSCH resource), PSSCH resource is re-selected among the remaining available resources. 
[image: ]
Figure 1: PRR results for SL resource pre-emption with short term sensing for periodic traffic (highway)
 [image: ]
Figure 2: PRR results for SL resource pre-emption with short term sensing for aperiodic traffic (highway)
Main results observations:
· From the results shown in Figure 1 and Figure 2, it is seen the baseline scheme of short term sensing (STS-Baseline) can already provide enhanced performance over schemes that are based on LTE SA decoding (no pre-emption) and random resource selection for aperiodic traffic and a comparable performance to the LTE SA decoding scheme for periodic traffic. It is therefore, suitable for use in both periodic and aperiodic broadcast types of traffic, at least in high vehicle speed.
· In Figure 2 for aperiodic traffic type, various further enhanced STS schemes for PSSCH pre-emption are additionally evaluated. As shown, they all provided improved performance over the STS-baseline scheme. Numerically, when compared with the existing LTE SA decoding and random selection based schemes, they provided the following PRR performance gain at 500 meters range as
· The STS-baseline scheme provided 6.4% PRR improvement
· STS-scheme with two pre-emption repeatedly transmitted provided 12.3% improvement
· STS-scheme with pre-emption SCI transmitted within 5ms provided 18.6% improvement
· STS-scheme with continuous sensing provided 22.1% improvement
Observation 6: From the evaluation results of SL pre-emption with short term sensing based PSSCH resource selection scheme, the scheme can provide a large performance gain in PRR over the existing LTE SA decoding and random selection at least for aperiodic traffic type, and a comparable performance to the LTE SA decoding scheme for the periodic traffic.
Observation 7: By continuous sensing of other SCI messages before pre-emption SCI transmission, PRR results showed the performance can be further improved by up to 22% at least with aperiodic traffic.
Proposal 7: It is proposed to support SL resource pre-emption with short term sensing based resource selection scheme and further evaluate its performance in other scenarios e.g. Urban Option A and 30GHz frequency range.

3. Conclusion
In this contribution, we discussed about related aspects for some of the potential sub-modes within mode 2 that were identified in the last meeting. In summary, we have the following observations and proposals:
Observation 1: Same basic working principle in LTE-V2X mode 4, where a UE first perform sensing before resource selection and reservation in a SPS manner, would still be appropriate for at least periodic traffic transmissions in NR-V2X sub-mode 2(a).
Proposal 1: Enhancement to sub-mode 2(a) to incorporate resource pre-emption by reservation as part of sensing and resource selection procedure would help to secure SL resources for transmitting higher priority messages and to improve utilization of SL resources.
Proposal 2: The minimum set of reservation periods that should be at least supported in NR-V2X are {10ms, 20ms, 33ms, 100ms, 500ms}. In order to allow full flexibility of technology choice for any services and use cases, a full set of reservation periods would be {10, 20, 33, 50, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000}ms.
Proposal 3: The purpose of SCI decoding during sensing procedure is at least to extract the following information on SL resources that is explicitly indicated by the Tx-UE in PSCCH:
· Time/frequency location(s) and number of PSSCH sub-channels for initial and re-transmission(s)
· Reservation periodicity (for periodic traffic); this could be set to zero for one-shot transmission (aperiodic traffic)
Observation 2: One sidelink measurement that would be useful for Mode 2 operation and should continue to be supported for NR-V2X is PSSCH-RSRP.
Observation 3: Relevant SFCI information that should be part of sensing procedure and also be taken into account during SL resource (re)selection would include ACK/NACK feedback (CBG level if supported), CQI/MCS level, and possibly power control indications.
Observation 4: The timescale and conditions for SL resource (re)selection should include at least packet latency period, end of resource reservation period, change of message TB size, change of MCS selection, new/additional data TB arrival, and CBR level.
Proposal 4: When a reserved SL resource(s) is pre-empted by another UE, the affected UE should re-select a different SL resource(s) if the pre-emption is detected for another higher priority transmission.
Proposal 5: Since sub-channel based RA is supported for PSSCH, it should be used as a basic unit for SL sensing, resource (re)selection and measurements. In addition, Time duration of a PSSCH sub-channel should be exactly one slot. FFS on the frequency size.
Observation 5: 
· If there is a fixed relationship between PSCCH/PSSCH and PSFCH resources (e.g. in a self-contained slot/TTI), PSFCH resource would be determined based on the (re)selection of PSSCH resource.
· If PSFCH resource is decided by the Rx UE, then the selection of resource should be based on sensing operation by the Rx UE and confined within a latency requirement which is to be indicated to the Rx UE from the Tx UE.
· If PSFCH resource is decided by the Tx UE, then the selection of resource should be based on Tx UE sensing. If he Rx UE is located in another cell, information relating to transmission resource pool from the Rx UE should be provided to the Tx.
Observation 6: From the evaluation results of SL pre-emption with short term sensing based PSSCH resource selection scheme, the scheme can provide a large performance gain in PRR over the existing LTE SA decoding and random selection at least for aperiodic traffic type, and a comparable performance to the LTE SA decoding scheme for the periodic traffic.
Observation 7: By continuous sensing of other SCI messages before pre-emption SCI transmission, PRR results showed the performance can be further improved by up to 22% at least with aperiodic traffic.
Proposal 6: It is proposed to support SL resource pre-emption with short term sensing based resource selection scheme and further evaluate its performance in other scenarios e.g. Urban 
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