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Introduction
In [1], we outlined V2P/P2V communications in three main operating scenarios where pedestrians are in vulnerable situation and needed warnings and assistance the most. 
During RAN1#84 meeting, the following conclusions were reached on further aspects and enhancements to be evaluated for V2P.
	Conclusions
· At least the following aspects need to be discussed in RAN1#84bis for PC5-based V2I and V2P
· [bookmark: _GoBack]Evaluation results on potential V2V performance degradation if “I” or “P” transmits in the same carrier and if V2I & V2P performance can meet requirements to conclude observation on performances
· Feasibility of reusing PC5-based V2V to V2I and V2P
· To conclude which case needs further enhancements over PC5-based V2V
· Power consumption for transmission or reception of “P”
· Complexity of the UE supporting transmission of “P”
· Note that both V2I and V2P includes both directions
Conclusions
· Companies are encouraged to study the need of potential enhancements on multicast/broadcast listed below for Uu-based V2V, V2I/N, and V2P:
· Optimization on set of cells performing the same multicast/broadcast
· Multicast/broadcast transmission based on PDSCH/PMCH
· Companies are encouraged to study the need of potential enhancements on unicast listed below for Uu-based V2V, V2I/N, and V2P:
· UL enhancement (e.g., SPS enhancement, SR enhancement)


In this contribution, we provide discussions on issues and potential enhancement schemes that are relating V2P/P2V operation based on PC5 and Uu interfaces.
Discussion
In [2]-[7], several issues and potential enhancements relating to V2P/P2V operation based on PC5 and Uu interfaces were identified. The proposed/identified solutions can be generally summarised as follows:
1. SPS enhancement in UL Uu-based V2P
It has been reported that enhancements in SPS-like assignment for transporting V2X messages in the Uu UL are necessary as UL data channel can easily become a bottleneck due to limited capacity in the 10MHz bandwidth. However, if SPS-like scheduling is not used the PDCCH capacity for providing UL grants becomes the bottleneck [5]. To this end, different solution approaches have been considered like switching between Uu-based and PC5-based transport of V2X messages and enhancements in the BSR (Buffer Status Report).
The dynamic or even semi-static switching between Uu-based and PC5-based transportation is mainly targeted for operating scenarios where operator(s) are involved in the V2X operation. Since it is a UL capacity issue on the operator’s carrier, switching between Uu-based and PC5-based on the same UL carrier would not help to resolve the bottleneck. If multiple carriers (more UL resources) are involved, it may help with the UL capacity issue, but it may also create other issues like increased UE processing complexity, additional Rx chain(s), assignment of the new carrier(s) and signalling/indication of the new carrier(s) to be used by all transmitting and receiving UEs and handover issue from one cell to another.
Observation 1: Switching between Uu-based and PC5-based transport of V2X messages on the same carrier does not help to resolve the UL capacity issue seen with SPS-like scheduling.
Observation 2: If switching between multi-carriers, other issues like UE processing complexity, additional Rx chain, assignment of the new carrier(s) and signalling/indication of the new carrier(s) to be used by all transmitting and receiving UEs and handover from cell to cell will need to be considered.
2. SR enhancement
Scheduling Request (SR) typically needs to be sent every time when a UE has a V2X message to be sent over the UL or sidelink mode 1. It is usually accompanied by a BSR so that the eNB knows how much resources (RBs) to allocate. If this is used in conjunction with SPS-like scheduling, the most straight forward thinking is to send one SR only to the eNB along with message periodicity and message size. However, as claimed in [6], CAM and DENM messages do not always have constant message size due to message security overhead being time-dependent and even the message periodicity cannot be accurately predictable as it can vary depending on UE’s geo position, speed, and direction (i.e. rate of environment changing).
Additionally, unlike CAM messages, DENM (warning) messages could be generated at any time as it is event triggered and immediate delivery of DENM messages is crucial for road-safety especially of pedestrian UEs (PUE). Typically, PUE’s CAM messages are transmitted once every second (1Hz) but DEMN messages requires much higher frequency (10Hz). Therefore, when designing SR enhancements, all these above mentioned characteristics/behaviours need to be taken into account.
Observation 3: When deciding enhancements for SR, unpredictability of message generation (periodicity), often changing message size and message type should all be taken into account.
3. Reducing power consumption for PUEs
It has been mentioned in many papers [2], [3], [4], [5], [7] power consumption / energy efficiency of PUE is one of the most important aspect in design V2P/P2V communication. In the following we discuss some of the enhancement techniques that have been proposed so far.
a. The suggestion of considering only P2V instead of V2P in our view would not fulfil the operation requirements for PUE outlined by SA1. Additionally, in some events it is perhaps more effective if warning messages received from VUEs are given to the pedestrian user such that the pedestrian user itself can take evasive action to avoid traffic accident (e.g. pedestrian immediately back-away when incoming vehicle is travelling at high speed as it is difficult and often dangerous to perform sudden stopping or change driving direction). Having said that, P2V communication (i.e. warning messages sent to VUEs) could be very suitable for pedestrian who has mobility disability (e.g. wheel chairs). It is, therefore, not preferable to consider only P2V communication instead of V2P in road-safety application.
Observation 4: In road-safety, V2P and P2V communications are both equally important for pedestrian UEs. It is not recommended to consider only one of them for saving PUE battery power consumption.
b. Another suggestion is to have shorter resource pool(s) for PUEs to monitor and thus longer sleeping or inactive time where the Rx chain can be idle or tuned away for receiving DL traffic. Subsequently, the shorter resource pool(s) would correspond to shorter SA period / fewer resources for VUEs to transmit their CAM and warning messages intended for PUEs. As most pedestrian traffic is centred around dense urban / CBD area where high vehicle traffic is also expected, shorter/fewer resources for VUE transmissions would limit capacity and thus bigger resource collision issues. On the other hand, if resource pools for VUE transmissions are closely spaced, potentially it will reduce the switching between sleep and wake-up modes for PUEs, which in turn is expected to save some battery power consumptions.
Observation 5: Shorter resource pools for monitoring will provide power consumption saving for PUEs, but at the same time it may create higher resource collisions for VUE messages. It is more efficient to configure resource pools to be closely spaced to achieve power saving.
c. Location based resource partitioning has also been suggested where PUEs selectively monitors subframe based on its location. One possibility is for PUE to monitor only subframes that belongs to cells where the PUE is located or closed to for Uu-based V2P message reception. In this mechanism, it is purely UE implementation choice to decode neighbour cells’ broadcast/multicast information to determine the most relevant subframes to monitor. It is unclear whether any specification support is needed. 
Another possibility of location based resource partitioning could mean the location of each PUE determines how many resource pools (linked with street direction) the PUE needs to monitor. Although this mechanism may seem reasonable in most cases where the PUE is not located at an intersection (e.g. on street roadside) and it is not a one way street, however, its practicality at an intersection remains unclear as vehicle direction may change and therefore it would be necessary for PUE to monitor all resource pools.
Observation 6: For location based resource partitioning method to save PUE power consumption from monitoring a reduced set of radio resources (pools or subframes), further evaluation is needed verify its practicality at street intersections where vehicle UE direction could be vastly changing.

Conclusion
In summary:
Observation 1: Switching between Uu-based and PC5-based transport of V2X messages on the same carrier does not help to resolve the UL capacity issue seen with SPS-like scheduling.
Observation 2: If switching between multi-carriers, other issues like UE processing complexity, additional Rx chain, assignment of the new carrier(s) and signalling/indication of the new carrier(s) to be used by all transmitting and receiving UEs and handover from cell to cell will need to be considered.
Observation 3: When deciding enhancements for SR, unpredictability of message generation (periodicity), often changing message size and message type should all be taken into account.
Observation 4: In road-safety, V2P and P2V communications are both equally important for pedestrian UEs. It is not recommended to consider only one of them for saving PUE battery power consumption.
Observation 5: Shorter resource pools for monitoring will provide power consumption saving for PUEs, but at the same time it may create higher resource collisions for VUE messages. It is more efficient to configure resource pools to be closely spaced to achieve power saving.
Observation 6: For location based resource partitioning method to save PUE power consumption from monitoring a reduced set of radio resources (pools or subframes), further evaluation is needed verify its practicality at street intersections where vehicle UE direction could be vastly changing.
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