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1. Introduction

RAN plenary #75 approved a work item [1] for 3GPP V2X Phase 2 to support advanced V2X services. The latency reduction related topic at layer 1 is part of the detailed objectives of this work item:

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]

a) Carrier aggregation (up to 8 PC5 carriers)
b) 64QAM

c) Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;
At RAN1#91, the latency reduction related agreements [2] are shown as follows,
Agreement
· The minimum value of T2 can be reduced to support Layer 1 latency reduction.

· (Pre)configuration based selection of minimum value of T2 is supported.

· The minimum value of T2 is selected from a set of values.

· The set of values includes at least 20ms, and a value lower than 20ms (FFS how many additional values). 
· FFS: whether the (pre)configuration is per PPPP, CBR range, per carrier, or if it intends to have a similar behavior as a rel-14 UE, etc.
This paper is the revision of R1-1719682. In this paper, we will present our views on the considerations of latency reduction at layer 1 for V2X phase 2, including issues of reduced T2 for latency reduction, collision mitigation considerations with reduced T2, and considerations for selection of minimum value of T2.
2. Discussion 
For latency reduction at layer 1, reduced T2 is agreed in RAN1#91. However, reduced T2 may lead to resource collision issue more significant. In this section, we introduce issues of reduced T2 for latency reduction at first. Then, we will discuss the considerations to mitigate the collision issue causey by reduced T2. Moreover, we will present our views on the selection of minimum value of T2.
2.1. Issues of reduced T2 for latency reduction
Fig.1 shows the resource sensing window and resource (re-)selection window for LTE Rel-14 sidelink transmission mode 4. Because it is agreed that “the minimum value of T2 can be reduced to support Layer 1 latency reduction” in RAN1#91, we can observe that reduced T2 can reduce latency at layer 1 from this figure. However, reduced T2 will result in smaller resource (re-)selection window size. And then, when multiple UEs select resources from the resource (re-)selection window with reduced T2, the collision issue will become more significant because the amount of resource blocks in the window is smaller. Hence, improvements of resource sensing and resource selection should be needed to mitigate the collision issue when reduced T2 is adopted for latency reduction in V2X Phase 2.
Observation 1: Collision issue will become more significant when the minimum value of T2 is reduced to support layer 1 latency reduction.
[image: image1.png]n-1000
n-1 n n+T, n+T,

/ Sensing Window [ {source (Re-)selection Windkw

I 1000 ms T, <4ms 20ms < T, <100ms




Figure 1: LTE Rel-14 resource sensing and (re)-selection in sidelink transmission mode 4
2.2. Considerations for collision mitigation when reduced T2 is adopted
In this section, we will discuss the considerations for improving resource sensing and resource selection to mitigate the collision issue caused by reduced T2. Besides, additional resource pools including multiple carriers and exceptional resource pool also can be considered to increase amount of resource and then can mitigate the collision issue.
For Rel-14 mode 4 resource sensing and resource selection in section 14.1.1.6 in [3], greater than or equal to 0.2*Mtotal candidate single-subframe resources should be selected from the sensing window, where Mtotal is the total number of the candidate single-subframe resources. When reduced T2 is adopted, it is more difficult to find the enough candidate resources. Hence, some mechanisms needed to be used to improve for the resource sensing and resource selection. 
For example, threshold adjustment for finding candidate resources has been already used in [3], it can be reused to increase candidate resources. How to determine a suitable threshold is FFS.  
Besides, subframe-based resource sensing is adopted in [3] to find candidate single-subframe resources, as shown in Fig. 2(a). However, there will be idle subchannels in a busy subframe, as shown in Fig. 2(b), where one subframe comprises several subchannels. Hence, subframe-based resource sensing should be replaced by subchannel-based resource sensing to increase available candidate resources.
Moreover, based on semi-persistent scheduling (SPS) in Rel-14 mode 4, the resources that already used by a mode 4 UE at a period also should be used at the next period for resource selection, as shown in Fig. 3. Furthermore, some mechanisms for resource selection also should be considered to further reduce collision probability when reduced T2 is adopted. 
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Figure 2: (a) Subframe-based resource sensing, and (b) Sub-channel based resource sensing
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Figure 3: SPS based resource selection in LTE Rel-14 sidelink transmission mode 4
Proposal 1: When reduced T2 is adopted for latency reduction, some mechanisms should be considered to increase available candidate resources, for example, threshold adjustment, subchannel-based resource sensing, multiple carriers and exceptional resource pool including, and so on. The details are FFS.
Proposal 2: Some mechanisms for resource selection also should be considered to further reduce collision probability when reduced T2 is adopted. The details are FFS. 
2.3. Considerations for selection of minimum value of T2
In order to solve the resource collision problem, carrier aggregation can be adopted to increase the use of resource pools from multiple carriers to mitigate the above-mentioned collision issue. In the carrier aggregation scenario, channel busy ratio (CBR) range, per ProSe Per-Packet Priority (PPPP), per carrier are the factors related to the pre-configuration of minimum value of T2 for further study (FFS) in RAN 1 #91 meeting. From our point of views, it is important to design the appropriate CBR threshold with different T2 value.  When CBR threshold is set too high, more users can use the resources and it will cause resource collision with high probability. In contrast to set low CBR threshold, little users can use the resources and most of component carriers (CCs) cannot be used. Besides, we think that resource sensing can take into account an order for component carrier selection together with CBR, PPPP and service type and so on. Moreover, when the minimum value of T2 is smaller and/or the PPPP value indicates high priority, we can select more component carriers in order to mitigate the collision issue. How to select more CCs is FFS.
As shown in figure 4, a mapping table will be designed and (pre)configured from higher layer, the items in the table are related to minimum values of T2, CBR thresholds, PPPPs, service types, component carriers and so on. The physical (PHY) layer will send the estimated CBR value to the upper layer for all CCs. Then, upper layer will decide the candidate CCs by mapping the estimated CBR value with the table and send the results (candidate CCs) to physical layer. The details are FFS.
Proposal 3: A mapping table with relations among minimum values of T2, CBR thresholds, PPPPs, service types, component carriers and so on should be designed and (pre)configured from upper layer. Then, upper layer will decide the candidate CCs by mapping the estimated CBR value with the table and send the results to physical layer. The details are FFS.
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Figure 4: Physical layer and upper layer signaling flow chart for deciding candidate CCs 
3. Conclusions

In this paper, we discuss the considerations of latency reduction for V2X phase 2. We have below observation and proposals,
Observation 1: Collision issue will become more significant when the minimum value of T2 is reduced to support layer 1 latency reduction.
Proposal 1: When reduced T2 is adopted for latency reduction, some mechanisms should be considered to increase available candidate resources, for example, threshold adjustment, subchannel-based resource sensing, multiple carriers and exceptional resource pool including, and so on. The details are FFS.
Proposal 2: Some mechanisms for resource selection also should be considered to further reduce collision probability when reduced T2 is adopted. The details are FFS.

Proposal 3: A mapping table with relations among minimum values of T2, CBR thresholds, PPPPs, service types, component carriers and so on should be designed and (pre)configured from upper layer. Then, upper layer will decide the candidate CCs by mapping the estimated CBR value with the table and send the results to physical layer. The details are FFS.
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