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1
Introduction
At the RAN#72 meeting, the new WI proposal on LTE-based V2X services was approved [1]. One aspect of this WI targets to specify support for specifying enhancements for support of V2P service. In the WID of LTE-based V2X services, the detailed objectives are described as follows: 
1) To specify enhancements to both SC-PTM and MBSFN transmissions for support of V2X services including:

a) DL transmission in small areas based on geographical information, with necessary coordination with SA2 (note: Depending on the solutions, the specification(s) may or may not be impacted) [RAN3]

i) Based on input from SA2/RAN3, determine whether any additional enhancement is necessary to reduce control plane latency and specify a solution (as identified in TR 36.885) if needed [RAN2]

b) Shorter modification/repetition period(s) of MCCH and SC-MCCH, and shorter MCH scheduling period(s) [RAN2, RAN3]
Note: SA2 is expected to send LS to RAN3 in case that architecture impacts exist.

2) To specify enhancements to UL SPS transmissions for support of V2X services including:
a) Multiple SPS configurations [RAN2, RAN1]
b) Reporting of UE assistance information for SPS transmissions [RAN2]
3) To specify enhancements for support of V2P service:
a) Random resource selection for P-UEs potentially on the PC5 resource pool shared with V-UE transmissions, with additional study on sensing operation during a limited time for P-UEs [RAN1, RAN2]
b) Authorization for pedestrian UEs, if necessary [RAN3, RAN2 if needed]
4) To specify solution(s) facilitating long-term basis co-channel coexistence between DSRC/IEEE 802.11p and LTE PC5 for V2V operating over the same frequency channels [RAN1]
a) This objective starts from RAN#73 and target is to complete this by RAN#74. Solution(s) to be specified should avoid negative impact on the performance of LTE PC5.
5) To specify other enhancements to PC5/Uu for V2X on the following aspects:
a) Support of UE maximum transmission power up to 33 dBm (considering the regulatory limit on the maximum e.i.r.p.) for PC5 in 5855 MHz ~ 5925 MHz [RAN4]
b) Support of QoS depending on the outcome of SA2 work [RAN2, RAN3]
c) Support of inter-PLMN for both PC5 and Uu (Note: Depending on the solutions, the specification(s) may or may not be impacted) [RAN2, RAN3, RAN1]
In this contribution, the focus is on random resource selection and sensing operation during a limited time for P-UEs. 
2
Enhancements for support of V2P service
The scenario that support V2P operation based on PC5 is described as a UE transmits a V2P message to multiple UEs at a local area in sidelink [2]. For V2P, either transmitter UE or receiver UE(s) are pedestrian UE, which is shown in Figure 1 below.
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Figure 1: Scenario that support V2P operation based on PC5

At RAN1#84bis meeting observations concerning PC5-based V2P/P2V were concluded as such:

· The scenario of P-UE TX to V-UE RX is more battery efficient than the scenario of V-UE TX to P-UE RX

· Note: this observation is made based on evaluations from a limited number of companies

· Analysis result of P-UE power consumption based on figure 1 in R1-163062 (details to be discussed during TP preparation) is captured in TR 36.885.

· For the purpose of P-UE TX to reduce the power consumption and UE complexity, at least the followings are beneficial:

· Random resource selection.

· FFS Sensing operation during a limited time
In order for P-UE TX to reduce the power consumption and UE complexity, it was observed that random resource selection and possibly sensing operation during a limited time would be beneficial. One possible scenario that accounts for both random resource selection and sensing is when a UE by sensing excludes the resources that will be occupied by other UEs, and the random resource selection applies to the remaining resources [2].
2.1
Random resource selection for P-UEs

From the relation to V2X transmission, there may be two options for the P2V resource pool. These options are:
· Option 1: Shared resource pool with V2X

· Option 2: Dedicated resource pool

We think both types of resource pools could be used for P2V transmission and give some considerations for random resource selection for P-UEs with the combination of both types of pools.

Random resource selection has shown advantages in power efficiency and processing complexity and can be beneficial for P-UEs to prolong battery life. However, as a disadvantage, resource collisions should be considered for this scheme. Therefore, even if P-UEs use dedicated resource pool or shared resource pool, it is difficult to avoid excessive resource collisions when using random resource allocation selection.
2.1.1
Based on dedicated resource pool
If P-UEs select resource in a dedicated resource pool, the probability of resource collision has a relation with size of the dedicated resource pool and the number of P-UEs. Obviously, the larger the size of the dedicated resource pool, the lower the collision probability will be. However, as we know, in high density urban areas with large number of P-UEs, the higher the collision probability will be. It should also be noted that resource collision would most likely happen between P-UEs.
According to our performance evaluation [3] that was based on dedicated resource pool corresponding to 100 ms every 1 second, even though the performance of V2V is impacted due to available resources decreasing, the degradation of V2V was acceptable. In addition, the performance of P2V would be promoted obviously compared to the case of shared resource pool.
2.1.2
Based on shared resource pool

The probability of resource collision has a relation with the number of both P-UEs and V-UEs. If P-UEs use resources in the form of semi-persistent, V-UEs can avoid selecting the resources occupied by P-UEs by sensing. Even if P-UEs select the same resources with V-UEs, continuous conflict may not likely to happen to V-UEs because the transmission frequency of P2V is much lower than V2V. Nevertheless, it would impact P2V transmission, especially in the case of large number of V-UEs.
As shown in our performance evaluation [3], little impact is caused for V2V, if P2V transmission shared resource pool with V2X, but the degradation of V2P is obvious.
As a comparison in Figure 2, we show the evaluation results of the performance of P2V transmission based on dedicated resource pool and shared resource pool for random resource selection in urban scenarios with absolute speed of 60 km/h and 15 km/h, respectively.
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Figure 2: Comparisons between dedicated resource pool and shared resource pool
In our evaluations, 10 ms time period of resource every 100 ms is configured as dedicated resource pool for P-UEs. It can be seen from Figure 2 that the packet reception ratio (PRR) of P2V transmission performs better based on dedicated resource pool, especially in the case of 15 km/h.
In terms of resource efficiency and transmission latency, shared resource pool may be more advantageous because more resources can be selected.
Observation 1: For random resource selection, resource collision only has limited influence on performance of V2V. 

Proposal 1: In the case of shared resource pool, methods should be studied to reduce resource collision for the scheme of random resource selection.
2.2
Sensing operation during a limited time for P-UEs
There are many pedestrians that are walkers and/or runners that utilize roadsides and crosswalks on a daily basis, especially in urban areas with high population density, infrastructure and vehicles. Urbanization has a profound implication on e.g. transport congestion. Therefore, to ensure some capacity of safety and prevent collisions, it is essential that the P-UE(s) be aware of its surroundings and support awareness. For example, the higher the speed of the vehicle, the more rapidly the P-UE(s) awareness needs to sense, and the more precisely it needs to interpret the proximity to the potential hazard. 
Comparing with random resource selection, the sensing operation major advantages are collision avoidance and packet reception ratio (PRR) performance. However, the disadvantages is the efficiency of power consumption that need to be considered, regardless of dedicated or shared resource pool and the cost increase of P-UEs using the sensing operation. From our observations, the sensing operation for P-UEs is subject to collision avoidance, packet reception ratio (PRR) performance characteristics, the cost increase of P-UEs, and efficiency of power consumption, 
Now, taking into consideration the packet reception ratio (PRR) performance characteristics it would actually fair well under the sensing operation during a limited time for P-UEs. Even in the case of large number of P-UEs, the resource collision almost never happens under the sensing operation. This is due to the fact that it uses a collision avoidance method. Collision avoidance methods aim to avoid resource contention by attempting to avoid simultaneous attempts to access the same resource. Only those P-UEs that select resources at the same instant have a chance of resource collision, but the probability is very low. Collision avoidance can be used with sensing operation for P-UEs because it is based on the principle that P-UEs that are willing to transmit data have to listen to the channel for some time to determine whether other P-UEs are also transmitting on the channel. Therefore, a P-UE could start transmission only if a channel appears to be idle, otherwise, transmissions are deferred. Collision avoidance could improve PRR performance by stopping multiple P-UEs from transmitting at the same time. The likelihood of collision is reduced and this improves the PRR performance, especially with sensing operation during a limited time for P-UEs. 

Observation 2: Sensing operation during a limited time for P-UEs can improve the PRR performance using collision avoidance.
The major issues with using sensing operation for P-UEs are caused by the cost increase of P-UEs and efficiency of power consumption. In respect to the P-UEs cost increasing, there would be an increase in cost with resource selection using sensing operation for P-UEs because D2D signals would need to be received by P-UEs [4]. Even thought there is a cost increase to P-UEs when using sensing operation because D2D signals needs to be received by P-UEs, D2D can be used in both licensed and unlicensed spectrum and when combined with LTE, increases the traffic capacity of the eNB and reduces the overload of the eNB. Also, a sensing operation for P-UEs is able to exclude the resources that will be occupied by other UEs. Therefore, the sensing operation during a limited time for P-UEs can support efficient resource allocation and improves PRR performance.
Observation 3: There is a trade-off between the cost increase of P-UEs and efficient resource allocation along with PRR performance and it is more beneficial to trade-off the cost increase of P-UEs for efficient resource allocation along with PRR performance.
The most serious issue is efficiency of power consumption. There is risk pertaining to resource selection using sensing operation for P-UEs not being efficient with power consumption. It is apparent that additional power consumption is needed for the sensing operation than selecting resources randomly.
In order to get power consumption to an acceptable level, it is advisable that the sensing operation is performed during a limited time. According to the evaluation method defined in [5], the energy consumption for each case is computed as follows:

· Baseline: The power consumed assumes a paging cycle of 1.28 seconds.
Sleep power + (Rx power * 1 subframe + WAN synchronization)/Paging period = 0.01 + (1*1+ 8)/1280 = 0.0170
· Random resource selection: In this case the power consumption is due to sleep power, paging reception power, GPS power, P2V message transmission that consist of 1 subframe every second and WAN synchronization that occurs every second.
Sleep power + (Rx power * 1 subframe)/Paging period + GPS + (WAN synchronization + Tx power * 1 subframe)/One second = 0.01 + (1*1)/1280 + 0.08 + (8 + 4*1)/1000= 0.1028
· Sensing during a limited time: In this case the additional power consumption is used for sensing at the base of the random resource selection. It should be noted that the sensing power is assumed to be the same as the Rx power. For example, three sensing time periods are evaluated: 50 ms, 100 ms and 200 ms, respectively.
Sleep power + (Rx power * 1 subframe)/Paging period + GPS + (WAN synchronization + Tx power * 1 subframe + Rx power *50 subframes)/One second = 0.01 + (1*1)/1280 + 0.08 + (8 + 4*1 + 1*50)/1000= 0.1528
Sleep power + (Rx power * 1 subframe)/Paging period + GPS + (WAN synchronization + Tx power * 1 subframe + Rx power *100 subframes)/One second = 0.01 + (1*1)/1280 + 0.08 + (8 + 4*1 + 1*100)/1000= 0.2028
Sleep power + (Rx power * 1 subframe)/Paging period + GPS + (WAN synchronization + Tx power * 1 subframe + Rx power *200 subframes)/One second = 0.01 + (1*1)/1280 + 0.08 + (8 + 4*1 + 1*200)/1000= 0.3028
It can be seen that both random resource selection and the sensing operation during a limited time will result in the increase of power consumption compared to the baseline. For random resource selection the power consumption increases by a factor of 6 while the power consumption for sensing during a limited time increased by a factor 9, 12, 18 respectively for the sensing time periods of 50 ms, 100 ms and 200 ms. 
In general, the longer the sensing time length is, the quicker the power consumption increases. However, as we know, we can reduce the sensing operation limited time period to save power consumption, but this means that the range of selecting resource for P-UEs would also be smaller. 
Observation 4: For sensing operation, it is important to have short sensing time periods to save power.
Sensing operation during a limited time for P-UEs can support efficient resource allocation as well as improve PRR performance and need further evaluation. In the sensing operation during a limited time a P-UE by sensing would determine whether resources are occupied by other UEs and if it is true than exclude those resources. One sensing operation during a limited time to consider is a resource reservation signal such as a type of allocation coding, which allows the P-UE to transmit a resource reservation signal for channel reservation purposes. The information that the P-UE transmits may not need to contain any essential information for the UE to decode during the particular time period. The P-UEs would transmit a resource reservation signal for reservation channels on which availability of their associated subframe is coded. An example of the sensing operation during a limited time for P-UEs is shown in Figure 3.

Figure 3: Example of a sensing operation during a limited time for P-UEs
Proposal 2: A type of reservation signal can be supported for the sensing operation during a limited time for P-UES. The details are FFS. 
It should be noted that the transmission period of V2X message would be different in different condition, such as speed and position. In addition to 100 ms, other periods such as 200 ms or more are also possible. It would be feasible for P-UEs to sense by a minimum periodicity e.g. sensing a limited time in every 100 ms within 1 second and select resources based on a sensing coding detection by an operation window with duration of 1 second or more in order to confirm unused resources availability. An example is shown in Figure 4.
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Figure 4: Example for sensing period and sensing operation window
Proposal 3: It is suggested that the sensing period should not exceed the minimum potential period of V2X transmission and the sensing operation window should exceed the maximum potential period of V2X transmission.

3
Conclusion
This contribution focused on sensing operation during a limited time for P-UEs. It also includes the following observations and proposals:
Observation 1: For random resource selection, resource collision only has limited influence on performance of V2V. 

Proposal 1: In the case of shared resource pool, methods should be studied to reduce resource collision for the scheme of random resource selection.

Observation 2: Sensing operation during a limited time for P-UEs can improve the PRR performance using collision avoidance.
Observation 3: There is a trade-off between the cost increase of P-UEs and efficient resource allocation along with PRR performance and it is more beneficial to trade-off the cost increase of P-UEs for efficient resource allocation along with PRR performance.
Observation 4: For sensing operation, it is important to have short sensing time periods to save power.
Proposal 2: A type of reservation signal can be supported for the sensing operation during a limited time for P-UES. The details are FFS. 
Proposal 3: It is suggested that the sensing period should not exceed the minimum potential period of V2X transmission and the sensing operation window should exceed the maximum potential period of V2X transmission.
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