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1. Introduction
For UE autonomous resource allocation mode, commonly referred as Mode 2 in NR sidelink, the topic of resource reservation for an initial transmission of a packet TB for both periodic and aperiodic traffic was heavily discussed in RAN1#96bis and an initial agreement was reached according to [1]: 
	Agreements:
· NR V2X supports an initial transmission of a TB without reservation, based on sensing and resource selection procedure
· NR V2X supports reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB, based on sensing and resource selection procedure
· This functionality can be enabled/disabled by (pre-)configuration
· FFS Standalone PSCCH transmissions for resource reservations are supported in NR V2X



In this contribution, we focus on sub-mode 2(a) operations only. In particular, discussions on the need, process, and simulation results for resource reservation of an TB initial transmission are firstly provided. It is followed by a discussion on short-term continuous sensing to show the performance of mode 2(a) can be further improved via simulation results. Other aspects such as SL resource pre-emption for high priority transmissions and resource reservation periods are also additionally discussed in this contribution.

2. Discussion
2.1 Sub-mode 2(a) sensing and resource selection procedure
Resource reservation for initial transmission
For UE autonomous resource selection mode, the single most influencing factor in determining its operational feasibility and performance is the probability of transmission collision among resource selecting UEs. In principle, the probability of more than one UEs selecting the same or partially overlapping SL resources (in either time and/or frequency domains) is based on number of available resources and the size of information data to be transmitted. This principle is true, in general, when SL resources are randomly selected. In LTE, since most of V2X traffic are periodical in nature that follows a fixed pattern, SL resources are reserved and announced (far ahead) in advance to avoid transmission collisions among different UEs. When a SL resource has been announced and reserved, other UEs would avoid selecting the same or overlapping resources for their own transmissions. This principle, however, was not applied for V2X traffic that appear randomly / aperiodic, at least for the initial transmission of a packet TB. For the retransmission resource of a TB, it was still reserved and announced during the initial transmission in SCI. Therefore, the initial transmission of a packet TB for aperiodic V2X traffic is unprotected in LTE and highly subjective to collisions. For LTE-V2X basic safety messages, the requirement on reliability is not very stringent (e.g. around 90%). Through the use of retransmission of a packet TB, this reliability requirement can be met. However, the same assumption cannot be made for NR-V2X since reliability requirements for advanced V2X use cases are much higher. In moderate cases, reliability requirement is around 99%. In stringent cases, the reliability requirement is as high as 99.999%. It is shown in Figure 1 and 3 for NR-V2X aperiodic traffic in both highway and urban scenarios, performance of LTE SA decoding and resource selection scheme drops dramatically with the distance range from the transmitter UE. Moreover, random selection scheme in some cases performs even better than the LTE SA decoding. This may be due to the fact that there were only very limited available resources and UEs tend to select SL resources that are earlier in the selection window.
In order to protect aperiodic V2X traffic transmissions in NR, performance of resource reservation for the initial transmission of a packet TB is investigated and evaluated. The resource reservation of an initial transmission of a packet TB is done by sending PSCCH ahead of time containing resource allocation information of its associated PSSCH, all within a resource selection window (T2) which is determined by packet latency requirement. Hence, it should be noted that there is no additional delay by sending PSCCH ahead of time of its associated PSSCH for reservation of initial transmission resources.
Since PSCCH and its associated PSSCH are separately transmitted, their resource pools should be separately defined as well. As such, there is no fixed relationship (one-to-one mapping) between a PSCCH and PSSCH resource(s) as the case in PSCCH/PSSCH multiplexing option 3, and this results in often referred to “standalone PSCCH transmission”. By defining PSCCH resource pool separately to PSSCH and assuming the amount of frequency PRBs for needed to transmit PSCCH is smaller than PSSCH (usually PSSCH are much larger size), naturally there will be more PSCCH resources available for sending reservation message and less Tx collision probability within the selection window than sending PSCCH and PSSCH together. Furthermore, for the case of PSCCH and PSSCH are transmitted separately, even when two PSSCH transmissions are collided, receiver UEs are still likely to receive and decode PSCCH correctly and thus provide HARQ-ACK reports to the transmitter UEs and avoiding HARQ DTX problem. But for the case of PSCCH and PSSCH are transmitted together, when they are collided with other UEs, it is likely both channels are corrupted and none is received by other UEs, including any resource allocation/reservation information for subsequent retransmissions. Intuitively, sending PSCCH separately and ahead of time to reserve resources for the initial transmission of PSSCH would perform better than multiplexing option 3 and without any initial-Tx reservation. It should be also noted that PSCCH-RSRP would be measured to determine availability of an indicated/reserved PSSCH resource.
In the extreme case of short latency transmission with limited available resources (e.g. T2 = 3ms latency requirement), transmitting PSCCH ahead of its associated PSSCH can still be performed. Even when there is no other available PSCCH resources before PSSCH, the performance would be the same as the case when PSCCH and PSSCH are transmitted together in same slot. But noted that, this exists rarely only in the case of extreme short latency requirement and no other available PSCCH resources before PSSCH. In more typical cases, as agreed in simulation profiles of 50ms periodicity and latency, significant gains are shown for aperiodic traffic in both highway and urban scenarios in Figure 1 and 3.
Observation 1: No additional latency delay for transmitting PSCCH in advance of its associated PSSCH.
Observation 2: In the extreme case of short packet latency and no available PSCCH resources before PSSCH, the performance would fallback to be the same as the case when PSCCH and PSSCH are transmitted together in same slot, not worse.
Proposal 1: Standalone PSCCH transmission should be supported as it provides less Tx collision probability than sending PSCCH/PSSCH together.
Proposal 2: PSCCH-RSRP measurement should be supported to determine availability of an indicated/reserved PSSCH resource.
· FFS if PSSCH-RSRP measurement is needed to aid determination of availability of PSSCH resource for re-Tx.
Short-term sensing
In addition, since the traffic is one-shot / aperiodic in nature and does not have a fixed periodicity, most likely the UE would transmit the message upon its arrival as soon as there is an available SL resource. Therefore, the gap between resource reservation message for the initial transmission and the selected target PSSCH resource(s) should not be far apart and within the latency limit. As such, the sensing period for resource reservation 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” and resource reservation for initial PSSCH transmission in both highway and urban scenarios and for both periodic and aperiodic types of traffic and also evaluated various resource reservation schemes as described in the following. 
· Reservation for initial-Tx: 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 reserving the initial transmission within the resource selection window but before the selected PSSCH resource.
· Short term sensing (STS) within Xms: Same as the above reservation for initial-Tx 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 reservation indication (SCI) for initial-Tx 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 reservation for initial-Tx scheme, a PSSCH resource is randomly selected among the set of available / unused resources within the selection window. But the associated PSCCH / reservation indication (SCI) for initial-Tx 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 reservation for initial-Tx 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 / reservation indication (SCI) for initial-Tx is transmitted. If potential Tx collision is detected (e.g. a reservation indication (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. 
Main results observations:
· From the results shown overall, it is seen that resource reservation for initial transmission can already provide enhanced performance over schemes that are based on LTE SA decoding (no reservation) and random resource selection for aperiodic traffic in both highway and urban scenarios and a comparable performance to the LTE SA decoding scheme for periodic traffic.
· 6.4% gain in PRR performance at 500 meters in Highway: option A
· 9.4% gain in PRR performance at 100 meters in Urban: option A
· In Figure 1 for aperiodic traffic type, various further enhanced STS schemes of resource reservation for initial transmission are additionally evaluated. As shown, they all provided improved performance over the LTE SA decoding 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 in highway as
· STS-scheme with two PSCCH repeatedly transmitted provided 12.3% improvement
· STS-scheme with reservation SCI transmitted within 5ms provided 18.6% improvement
· STS-scheme with continuous sensing provided 22.1% improvement
Observation 3: From the evaluation results, the basic vanilla scheme of resource reservation for initial transmission can already provide significant PRR performance gain over the LTE SA decoding and resource reservation mechanism in both highway and urban scenarios for aperiodic traffic.
Observation 4: For a more advanced resource reservation for initial-Tx scheme that combines with short-term continuous sensing, an additional 16% PRR performance gain is observed for aperiodic traffic. At the same time, it provides a comparable performance to the LTE SA decoding scheme for the periodic traffic.
Proposal 3: Based on evaluation results showing significant performance gains in both highway urban scenarios, resource reservation for an initial transmission of a data TB should be supported at least for aperiodic traffic, based on sensing and resource selection procedure.
Proposal 4: Based on further evaluation results, short-term continuous sensing should be additionally supported in NR V2X at least for aperiodic traffic.
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Figure 1: PRR results for resource reservation for initial transmission of aperiodic traffic (highway)
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Figure 2: PRR results for resource reservation for initial transmission of periodic traffic (highway)
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Figure 3: PRR results for resource reservation for initial transmission of aperiodic traffic (urban)
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Figure 4: PRR results for resource reservation for initial transmission of periodic traffic (urban)
2.2 Resource pre-emption
[bookmark: _Hlk525747375]Under 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 could 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.
Proposal 5: Enhancement to 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 6: 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.
2.3 Resource reservation periods
As it has been described in the WID [2], “… 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 7: 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.
2.4 Other aspects
[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 8: 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.
3. Conclusion
In this contribution, we focus on sub-mode 2(a) operations only. In particular, discussions on the need, process, and simulation results for resource reservation of an TB initial transmission are firstly provided. It is followed by a discussion on short-term continuous sensing to show the performance of mode 2(a) can be further improved via simulation results. Other aspects such as SL resource pre-emption for high priority transmissions and resource reservation periods are also additionally discussed in this contribution. In summary, we have the following observations and proposals:
Observation 1: No additional latency delay for transmitting PSCCH in advance of its associated PSSCH.
Observation 2: In the extreme case of short packet latency and no available PSCCH resources before PSSCH, the performance would fallback to be the same as the case when PSCCH and PSSCH are transmitted together in same slot, not worse.
Proposal 1: Standalone PSCCH transmission should be supported as it provides less Tx collision probability than sending PSCCH/PSSCH together.
Proposal 2: PSCCH-RSRP measurement should be supported to determine availability of an indicated/reserved PSSCH resource.
· FFS if PSSCH-RSRP measurement is needed to aid determination of availability of PSSCH resource for re-Tx.
Observation 3: From the evaluation results, the basic vanilla scheme of resource reservation for initial transmission can already provide significant PRR performance gain over the LTE SA decoding and resource reservation mechanism in both highway and urban scenarios for aperiodic traffic.
Observation 4: For a more advanced resource reservation for initial-Tx scheme that combines with short-term continuous sensing, an additional 16% PRR performance gain is observed for aperiodic traffic. At the same time, it provides a comparable performance to the LTE SA decoding scheme for the periodic traffic.
Proposal 3: Based on evaluation results showing significant performance gains in both highway urban scenarios, resource reservation for an initial transmission of a data TB should be supported at least for aperiodic traffic, based on sensing and resource selection procedure.
Proposal 4: Based on further evaluation results, short-term continuous sensing should be additionally supported in NR V2X at least for aperiodic traffic.
Proposal 5: Enhancement to 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 6: 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 7: 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 8: 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.
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