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In the study item phase of V2X, the RAN WGs concluded that it is feasible to support V2I and V2P services over PC5 [1][2]. The following aspects are captured in [1] to support V2P services over PC5:
· At least the following aspects need to be discussed for PC5-based V2P
· Evaluation results on potential V2V performance degradation if “P” transmits in the same carrier and if V2P performance can meet requirements to conclude observation on performances
· Feasibility of reusing PC5-based V2V to 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 V2P includes both directions
· It needs to be further discussed in Stage 3 whether a separate pool is needed for P2X or the common pool used for V2X and I2X can be also used for P2X.
In addition, multi-carrier operation was considered for the operation aspects in [1], where one of the operation aspects supports “UEs communicating over PC5 across multiple carriers”.
In this contribution, we first discuss the impacts of resource multiplexing, and then discuss multi-carrier operation for V2P.
[bookmark: _Ref129681832]Discussion on multi-carrier operation for V2P 
Resource multiplexing 
As can be seen from [1] and [2], P-UEs and V-UEs may use separate resource pools (case 1) or share the same resource pool (case 2) for V2P message transmission over PC5. Separate resource pools include pools on the same carrier and on different carriers. From spectrum efficiency, it is beneficial to share resource pools for both P-UE transmission and V-UE transmission. However, considerations on power consumption for P-UEs may introduce some constraints on resource multiplexing: for V-UEs, since there is no limitation on power, the maximum transmission power can be assumed as 23dBm. However, the transmission power of a P-UE is likely to be lower than that of V-UEs. Therefore, the V-UE transmissions may cause severe in-band emission interference to P-UE transmissions if resources for P-UE transmissions are frequency-multiplexed with resources for V-UE transmissions. The problem is illustrated in Figure 1.


[bookmark: _Ref457760020][bookmark: _Ref457760066][bookmark: _Ref457760059]Figure 1. Illustration of in-band emission interference caused by V-UE
In Figure 1, the distance between P-UE and receiving V-UE2 is the same as that between V-UE1 and V-UE2. After sensing, P-UE selects a resource in the same subframe as V-UE1. If they use different transmission powers, the in-band emission interference caused by V-UE1 may be severe, and V-UE2 may not correctly decode the message of P-UE. This IBE interference is more serious than the case when there are only V-UE transmissions or only P-UE transmissions in the same subframe since V-UEs transmit at higher power than P-UEs.
A simple way to resolve this issue is to use TDM based resource multiplexing, i.e., separate resource pools in time domain are allocated for P-UEs and V-UEs. A concern is that it may introduce transmission latency for V-UE, especially when congestion level is high. Here we discuss another alternative where P-UEs and V-UEs use different carriers. 
Multi-carrier operation
One possible scenario for multi-carrier operation is that P-UE transmits on the uplink carrier of the Uu link, which may be different from V2V carrier. The P-UEs would then synchronize with eNB when they are in network coverage, which would reduce their power consumption (no need for GNSS operation). A P2V transmission is then just like a regular D2D transmission. In addition, since the P2V message rate may be lower than that of V2V messages, e.g., 1 Hz P2V transmission frequency is assumed for evaluation in [1], the V2P overhead on Uu would be relatively low. 
Another scenario is to use separate carriers for P-UE transmission and V-UE transmission, where these carriers are different from Uu link carrier, although this may limit the spectral efficiency due to resource fragmentation.
Proposal: P-UE transmission on a separate carrier (either dedicated or Uu) different from that for V-UE transmission is supported.
Conclusions
In this contribution, we discuss the impacts of resource multiplexing on P-UE transmission as well as the multi-carrier operation for V2P, and make the following proposal:
Proposal: P-UE transmission on a separate carrier (either dedicated or Uu) different from that for V-UE transmission is supported.
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