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Discussion and Decision
1 Introduction
Support of V2P service is listed among the objectives of the LTE-based V2X WID and some potential enhancement in terms of power saving has been justified as follows [1].

	It is concluded that V2P services where P-UE sends V2X messages but not receives V2X messages is substantially more power efficient than V2P services where P-UE receives V2X messages from V-UEs.
The RAN WGs identified that some changes to the PC5 interface would be beneficial in terms of power consumption and UE complexity in case of P2V transmissions.


In this paper, we will address the power saving issues from P-UE reception behavior perspectives.
2 Analysis of Potential Factors Related to P-UE Reception Behavior
As described in TR 22.885, there are mainly three use cases involving V2P services [2]. We summarize the three uses cases as follows, based on which the potential factors related to P-UE reception behaviour are further discussed.
· Use Case #1 Warning to Pedestrian against Pedestrian Collision: The vehicle UE is about to pass through crosswalk or intersection and transmits V2X message, while the pedestrian UE’s smart phone monitors and receives the V2X messages transmitted by the vehicle UE. The pedestrian UE’s smart phone can alert for the pedestrian UE when it detects possible risky situation. 
· Use Case #2 Vulnerable Road User (VRU) Safety: The pedestrian UE’s smart phone broadcasts V2X message containing its current status, e.g., location, speed, acceleration and trajectory. Based on user choice, the pedestrian UE’s smart phone may also receive and process messages from the vehicle UE, in order to determine whether it is in a vulnerable situation by checking outdoor/indoor status, proximity to the vehicle UE, user activity state (e.g., texting, looking at the screen, listening to music) and alert the pedestrian UE.
· Use Case #3 Pedestrian Road Safety via V2P awareness messages: The pedestrian with a UE broadcast periodically awareness messages, indicating its current position, speed and heading. The risk assessment is performed by the vehicle UE with received awareness messages and the vehicle UE warns the driver at a potential collision risk, e.g., the vehicle and pedestrian are on a collision course with each other or pedestrian is walking on the side of a badly illuminated road.
According to the above three typical use cases, we can observe that for some use case both the P-UE transmission and reception are conducted while for some use case only the P-UE transmission is conducted. The P-UE reception behaviour is related to some potential factors including the P-UE’s location, speed, acceleration, trajectory, proximity to the V-UE, user activity state (e.g., texting, looking at the screen, listening to music) and so on. Take P-UE’s location as an example, the P-UE doesn’t need to receive any V2P message at indoor area, which means in such case power saving can be achieved if the P-UE can stop its reception behaviour. However, it is not straight forward for the smart phone to detect this in AS layer.  If power saving is really needed for P-UEs, there should be application layer triggers to assist AS layer to control the reception behaviour.
Observation 1 Power saving mechanism for the P-UE reception behaviour in AS layer may need some triggers related to some potential factors including the P-UE’s location, speed, acceleration, trajectory, proximity to the V-UE, user activity state and so on, which may be above AS layer.
From RAN2 point of view, we think at least the location factor can be considered to optimize power consumption from P-UE reception perspective.  As during V2V WI, RAN2 already supported the V-UE to report its location to the eNB. We think this can be reused for the P-UE. Then, the P-UE’s location and proximity to the V-UE can be achieved directly in the AS layer. Given the location information of the P-UE, the eNB can get a whole picture of the location distribution of the P-UEs and V-UEs in a proximity area and trigger the P-UE reception behaviour when possible risky situation is detected. So in general, it seems feasible for the eNB to control or at least assist the reception behaviour which can help to reduce the power consumption by avoiding unnecessary reception on V2X sidelink time-frequency resources in terms of PC5-based V2V. For Uu-based V2V, this may be related to how eNB can assist the P-UE to reduce unnecessary reception behaviour with SC-PTM or eMBMS mechanism. This is not in scope of this paper.

On the other hand, the rest of aforementioned factors are usually conveyed by the application layer. From implementation perspective, the eNB might get the information via V2X server, which greatly depends on the operator deployment policies. But generally we can still assume that the eNB may consider such factors (by interaction with certain network entities like V2X server) to control or assist the P-UE reception behaviour.
Observation 2 From implementation perspective, it is possible for the eNB to control or assist the reception behaviour of the P-UE to achieve power saving according to the factors listed in Observation 1. 
On the other hand, we think it is quite clear that these factors are not to be specified by RAN2. What RAN2 can specify should be the signalling between eNB and P-UE to control or assist the reception behaviour of the P-UE.
Observation 3: It is observed that the signalling for the eNB to control or assist the P-UE reception behaviour for power saving purpose should be RAN2’s potential work. 
3 Initial thinking about How to Assist/Control P-UE’s Reception Behavior by the eNB
Basically, we think there are two dimensions to optimize power consumption for the P-UE. One dimension is to lower down the frequency of the P-UE reception behaviour so that the P-UE receives V2X messages only when necessary, this seems to be quite straightforward. Some implementation based approach to reflect different factors which may be in application layer can be considered as analysed above which can be done by the eNB via signaling to the UE to guide the reception behavior.

Proposal 1: RAN2 could study the potential ways to reduce unnecessary reception of the P-UE by the eNB.

The other dimension is to narrow down the time-frequency range of the reception resource or resource pools which the P-UE has to monitor so that the power consumption can be further minimized. Here we still focus on PC5-based V2P message transport and consider scheduled mode and autonomous mode respectively. For the P-UE in RRC_Connected state, there are two cases, i.e., eNB scheduled mode and UE selecting mode. If the P-UE is scheduled by the eNB, the eNB can assign dedicated resource pool for the P-UE with a smaller time-frequency range so that the P-UE consumes relatively less power to monitor. If the P-UE is selecting resource autonomously, the P-UE can only monitor resource pools which are relevant to its geo-location or even zone ID instead of monitoring the whole reception resource pools. Besides, the P-UE can turn into RRC_Idle state between the geo-location report occasions to save battery.
For the P-UE in RRC_Idle state, the P-UE can acquire the reception resource pool from the SIB. From power saving perspective, the configured reception resource pool can be narrowed down so that the P-UE doesn’t need to monitor all the V2X resource pools. For example, it only monitors part of the reception pools of neighbouring cell(s) assuming P-UE’s location is known by the eNB.  To realize such objective, the eNB need to adjust the broadcasted V2X reception pools or use dedicated signaling to inform UE the resource or resoure pool(s) for reception.
Proposal 2: RAN2 could study the potential ways to reduce time-frequency resource (pool) range of P-UE reception by the eNB’s SIB broadcasting or dedicated signaling.
4 Conclusion

In this contribution, we analyze the of P-UE reception issue for power saving purpose and we have the following observations and proposals.
Observation 1 Power saving mechanism for the P-UE reception behaviour in AS layer may need some triggers related to  some potential factors including the P-UE’s location, speed, acceleration, trajectory, proximity to the V-UE, user activity state and so on, which may be above AS layer.
Observation 2 From implementation perspective, it is possible for the eNB to control or assist the reception behaviour of the P-UE to achieve power saving according to the factors listed in Observation 1. 

Observation 3: It is observed that the signalling for the eNB to control or assist the P-UE reception behaviour for power saving purpose should be RAN2’s potential work.
Proposal 1: RAN2 could study the potential ways to reduce unnecessary reception of the P-UE by the eNB.

Proposal 2: RAN2 could study the potential ways to reduce time-frequency resource (pool) range of P-UE reception by the eNB’s SIB broadcasting or dedicated signaling.
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