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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
During the RAN#75 plenary meeting, new work item on 3GPP V2X Phase 2 was approved. RAN1 related objectives of this work item are listed as following [1]: 
1. [bookmark: _GoBack]Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]
c) Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission; 

The goal of reducing the maximum time between packet arrival at Layer 1 and resource selected is not only to support latency requirements (e.g., 3ms, 10ms) defined in [1], but also should consider both event-triggered and periodic transmission traffic types. For example, two sets of platooning performances requirements are supported [1]: 
-	Set 1: the distance between vehicles for normal density platooning may be larger than 2 meters. When the platoon moves at 100km/h, vehicles move 1 meter in 36ms. Considering the round-trip-time and processing delay, message transmission frequency up to 40Hz, translating into 25ms end-to-end latency with message sizes of around 300-400 bytes should be supported.
-	Set 2:  the distance between vehicles for high density platooning is 1 meter. When the platoon moves at 100 km/h, vehicles move 1 meter in 36 ms. Considering round-trip-time and processing delay, message transmission frequency up to 100 Hz, translating into at least 10 ms latency with message sizes of around 50-1200 bytes should be supported.
KPIs for set 1: 
 [PR.5.1-014]	The 3GPP system shall support triggered and periodic transmission of small data packets (e.g. 300-400 bytes).
KPIs for set 2:
[PR.5.1-010]	The 3GPP system shall be able to support 10 ms end-to-end latency for message transfer among a group of UEs supporting V2X application.

For V2X mode 3, latency reduction mainly depends on the SR/BSR scheduling procedure. So it is better to be studied in RAN2. In this contribution, we discuss the potential solutions on reducing the maximum time between packet arrival at Layer 1 and resource selected for V2X mode 4.

Sensing for resource selection






[bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23]In Rel-14 V2V, considering the periodic transmission for UE working in autonomous resource selection mode (i.e. mode 4), a long duration sensing-based resource selection mechanism was introduced to support semi-persistent transmission for periodic traffic. Moreover, in Rel-14 V2X, to support the ability to transmit packets every 25ms (40 times a second), the shorter transmission and resource reservation period of 20ms and 50ms were introduced. For sensing and resource selection, if a packet arrives at time n, UE will select transmission resource in resource (re)selection window  based on the sensing result in the sensing window .The maximal transmission latency is determined by the value of  (). To meet the latency requirements of 10ms, a simple solution is to reduce the value of , but it will increase collision probability due to reduced candidate resources for multiple Tx UEs. From the traffic type perspective, long duration sensing-based resource selection is more suitable for periodic traffic. However, as mentioned in section 1, it is noted that not all 5G V2X services are periodic and some event-triggered, aperiodic traffic like pre-crash warning message are more important than periodic transmission. Event-triggered traffic is not predictable. For example, in case of emergency, the brake message is generated. It is critical to transmit it fast and reliably. Therefore, in UE autonomous resource selection mode, a fast sensing procedure is needed for event-triggered traffic so that the generated message can be delivered timely. Meanwhile, from collision avoidance perspective, a fast sensing is better than straightforward reducing the value of  for periodic traffic with more stringent latency requirements.
Proposal 1: Fast sensing is required not only for event-triggered traffic but also for periodic traffic with more stringent latency requirements.

Discussions on fast sensing
In addition to the existing long duration sensing-based resource selection procedure, a fast sensing can be introduced for event-triggered traffic and periodic traffic with urgency latency requirements. For example, after a low latency requirement packet is arrival, UE can perform energy sensing at the first symbol of each subframe within the resource pool. Thus UE can obtain knowledge of the state of this subframe (i.e., occupied or available) and determine whether the packet can be transmitted from the second symbol of this subframe. From a Rx UE’s perspective, it shall skip the first symbol and start receiving the SA and associated data from the second symbol. This ensures timely transmission and less resource selection collision. A more detailed description can be found in [2].
Proposal 2: Use the first symbol of each subframe within resource pool is for fast sensing. 

However, as mentioned in [3], if a Rel-15 UE performs fast sensing in the first symbol and then transmits SA and associated data from the second symbol, it may impact to Rel-14 UEs reception in resource pool or carrier shared by Rel-14 UEs and Rel-15 UEs. That is because Rel-14 UEs adjust AGC at each subframe boundary. In that way, additional transmission power control mechanism and sensing threshold constraint should be considered for Rel-15 UE. But at least, fast sensing is completely feasible on Rel-15 UEs specific resource pool or dedicated carrier. If the first symbol of each subframe is used for fast sensing, Rel-15 UEs can define to adjust AGC based on the second symbol at least in Rel-15 specific resource pool or dedicated carrier. Additional time-frequency resources can be considered for sensing to avoid interfering with AGC.
Observation 1: Fast sensing is completely feasible on Rel-15 specific resource pool or dedicated carrier.

Discussion on enhanced Rel-14 sensing and resource (re)selection procedure

Regarding PC5 carrier aggregation for Mode 4, the related agreement is made as follows:
[bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK55]Agreement: Any sensing and resource (re)selection procedure uses the Rel-14 PHY UE procedure of determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink transmission mode 4. Additional rules for resource exclusion of resources is not precluded after the procedure.
[bookmark: OLE_LINK56][bookmark: OLE_LINK57]Note: T2 values may be discussed, and potentially modified, when discussing latency reduction

Based on current discussion and agreement, a fast sensing and resource (re)selection procedure also can be used jointly with Rel-14 sensing and resource (re)selection procedure. The main steps of Rel-14 resource (re)selection procedure are given as following:
· [bookmark: OLE_LINK58]Step 1: All the resources are considered available.
· Step 2: UE excludes resources at least based on SA decoding and additional conditions. 
· A resource is excluded if it is indicated or reserved by a decoded SA and PSSCH RSRP in the associated data resource is above a threshold.
· If the number of remaining resource after Step 2 is smaller than [20]% of the total resources within the selection window, the UE repeats Step 2 using all the thresholds increased by [3] dB until the number of remaining resource after Step 2 is larger than [20]% of the total resources
· Step 3: UE selects its transmission resource from the resources not excluded.
· UE measures and ranks the remaining PSSCH resources based on total received energy and selects a subset
· UE randomly selects one resource from the subset


To simply reduce the value of will lead to frequent threshold adjustment to provide [20]% of the total resources in step2. This will lead to increased collision probability in Step 3 as well. If the fast sensing is introduced, the required resources (currently 20%) can be made less. This will also decrease the time of threshold adjustment. The fast sensing step can be executed before or after the UE random selection procedure.
[bookmark: OLE_LINK53][bookmark: OLE_LINK54]Observation 2: Fast sensing can be used jointly with existing Rel-14 sensing and resource (re)selection procedure.

Conclusion
In this contribution, we focus latency reduction for V2X mode 4 communication and suggest to consider the fast sensing-based resource selection mechanism. We have the following proposals:
Proposal 1: Fast sensing is required not only for event-triggered traffic but also for periodic traffic with more stringent latency requirements.
Proposal 2: Use the first symbol of each subframe within resource pool is for fast sensing. 
Observation 1: Fast sensing is completely feasible on Rel-15 specific resource pool or dedicated carrier.
Observation 2: Fast sensing can be used jointly with existing Rel-14 sensing and resource (re)selection procedure.

References
[bookmark: _Ref478084595][1]	3GPP TR 22.886 V15.1.0 (2017-03), “Study on enhancement of 3GPP support for 5G V2X services”
[2]	R1-1705656, Discussion on resource pool design for 3GPP V2X Phase 2, Lenovo, Motorola Mobility
[3]	R1-1717335, Resource Selection Latency Reduction for LTE V2V Sidelink Communication, Intel Corporation 
image2.wmf
[1000,1]

nn

--


oleObject2.bin

image3.wmf
2

T


oleObject3.bin

image4.wmf
2

20100

T

££


oleObject4.bin

oleObject5.bin

oleObject6.bin

oleObject7.bin

image1.wmf
12

[,]

nTnT

++


oleObject1.bin

