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1. Introduction
A conclusion and a working assumption derived in RAN1#84 is as follows:

Conclusion:

· At least the following aspects need to be discussed in RAN1#84bis for PC5-based V2I and V2P

· 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

Working assumption:

· Side-link physical layer design used for V2V is used for V2I if side-link is used for V2I

As PC5-based V2I does not need to be discussed specifically in RAN1 by the above working assumption, this contribution focuses its discussion on PC5-based V2P with regard to the complexity, power consumption of P-UEs, and capacity issue of supporting V2P. PC5-based V2P needs to consider two directions, V-UE transmissions to P-UE and P-UE transmissions to V-UE (referred to as V2P and P2V, respectively hereafter).
2. Discussions 
2.1. Power consumption
For V2P operations, as analyzed in [1], P-UE can save its battery by utilizing the information on the association of the resource set and geo-information. In other words, P-UE can skip monitoring PC5 in the resource sets that are associated with the location outside of the target range from its own location. It is noteworthy that this can be implemented at the P-UE without additional specification support if it can obtain the information of the resource-location association which anyway needs to be delivered to V-UEs. Still, P-UE consumes considerable power because it needs to receive messages generated every 100 ms at least at the vehicles in its proximity. On the other hand, P2V has the potential to consume less battery power because P-UE needs to access the channel once in every 1000 ms. However, the exact amount of battery consumption is dependent of the P-UE behavior in “sensing.” If P-UE is also required to sense the channel to identify which resources are occupied by the other UEs, P-UE power consumption will increase proportionally to the time duration of this sensing before P-UE transmission. On the other hand, if P-UE is not required to operate this sensing-based resource allocation, it needs to wake up only before the transmission time instance, thereby minimizing the power consumption.
2.2. Complexity issue
Implementation complexity can be an important issue for V2P/P2V operations. One basic consideration point is whether a P-UE is required to have a dedicated receiver for PC5 operations. For V2P operation, this seems a natural requirement because the messages are transmitted at 10 Hz frequency from vehicles. On the other hand, if it is intended to support the scenario where P-UE does not receive V-UE transmissions, mandating a dedicated receive seems unnecessary requirement as the dedicated receiver will be an additional one on top of the others for DL reception especially when PC5 is operated on a FDD UL carrier or PC5-dedicated carrier. However, as discussed in the previous sub-section, it can be questioned whether or not P-UE transmission will be based on “sensing,” and, if sensing is used, a receiver is anyhow needed at least for the duration of sensing.
In order to address the above complexity issue, we can consider the following two options:

Option 1: P-UE does not perform sensing for its transmission, e.g., random resource selection is used.

Option 2: P-UE performs sensing in limited time duration which is allowed by the network for switching DL receiver to the sensing frequency. This is similar to the ProSe discovery RX gap introduced in Rel-13. P-UE selects only the resources that are identified vacant by this limited sensing.
It can be generally expected that Option 1 may have worse impact on V2V operations on the same carrier while Option 2 will require more battery consumption from P-UEs.

2.3. Capacity issue

P2V operation will degrade the performance of V2V operation in the same carrier because P-UE transmission will be additional interference. Although this interference problem can be addressed to some extent, e.g., by using the limited sensing as in Option 2 and/or by introducing a way for V-UE to sense P-UE transmissions in advance [2], the general tendency of performance degradation seems unavoidable. It needs to be noted that the performance of V2V alone operation in the urban case is not very high even without P-UE transmissions. One way of solving this problem is to support the capability of receiving PC5 transmission in multiple carriers in parallel so that transmitters can be distributed over multiple carriers to reduce the per-carrier traffic load. 
3. Conclusion
This contribution discussed the sidelink enhancements focusing on V2P operations. The discussion can be summarized as follows:
Proposal 1: For the use case based on V-UE transmissions to P-UE, P-UE can save its battery consumption by utilizing the information on the association between resource sets and the relevant V-UE geo-location.

Proposal 2: For the use case based on P-UE transmissions to V-UE, P-UE is not mandated to have a receiver dedicated to sidelink reception. Further discussion is necessary on the following two options in consideration of P-UE power consumption and the interference to V2V operations in the same carrier:

· Option 1: P-UE does not perform sensing for its transmission, e.g., random resource selection is used.

· Option 2: P-UE performs sensing in limited time duration which is allowed by the network for switching DL receiver to the sensing frequency. 

Proposal 3: The capability of simultaneous reception of SL transmissions in multiple carrier needs to be supported.
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