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The V2P (vehicle-to-pedestrian) is commonly used to denote communications between UEs mounted on vehicles and handheld UEs (pedestrians, cyclists, etc.). Handheld UEs are subject to additional constraints (e.g., energy efficiency, UE complexity, etc.) when compared to UEs mounted on vehicles. For this reason, we believe that it is necessary to consider several aspects related to communications involving handheld UEs.
When it comes to energy efficiency, we think that it is necessary to distinguish between transmissions originating from handheld UEs (here referred to as P2V) and transmissions from UEs on vehicles to handheld UEs (here referred to as V2P). Owing to reasons of energy consumption as well as UE complexity, we believe that it is necessary to consider the possibility that handheld UEs implement only V2P, only P2V, or both. We also distinguish between V2P/P2V transmissions over the PC5 and Uu interfaces.
In relation to V2P, the following was concluded during RAN1#84bis:
Conclusion:
· The following observations are made in PC5-based V2P/P2V.
· 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 for 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
P2X 
P2X over PC5
As we describe in our contribution [1], our view is that transmissions originating from pedestrians should take place on a specific pool of resources (i.e., a P2X pool). 
Proposal: 
· Only 3 types of data pools are defined: V2X, I2X, and P2X.
· Transmitting UEs access the corresponding pool based on the type of transmission.
· Receiving UEs should be able to potentially monitor all pools.
· The pools may at least partly overlap.
Transmission using mode 1 or mode 2 is too inefficient in terms of energy for handheld UEs:
· In mode 1, the UE has an associated energy cost to maintain the connection to the eNB (signaling, etc.). There is also an implementation burden for the NW if too many UEs need to be in RRC Connected mode at a given time.
· In mode 2, the current agreements prioritize the use of sensing-based autonomous resource allocation. Sensing is inefficient in terms of energy use since it requires that a UE receives for a relatively long period prior to transmission. In addition, the resource allocation algorithm may be relatively complex, resulting in increased energy consumption. We also note that sensing requires the UE to be capable of receiving sidelink signals.
In our view, P2X should be a background service, with reduced energy and complexity overheads. . Considering that the main priority with respect to modes 1 and 2 is to meet the challenging capacity requirements in the different scenarios, we see the benefit of defining a 3rd transmission mode suitable for P2x.
Observation:
· Transmission using mode 1 or mode 2 is too inefficient in terms of energy for P2X.
In our opinion, it is necessary to introduce a new transmission mode for P2X with optimizations for reduced energy consumption. As in mode 2, UEs using the new transmission mode should be able to transmit over PC5 even when in IDLE in their cell. In this way, the energy-costly process of maintaining the connection to the eNB is avoided. As discussed in Section 1, we think that UEs without X2P capabilities should still be able to do P2X. 
Regarding reception, we believe that in principle a UE could monitor any of the V2X/I2X pool in order to maximize reliable and timely reception. In V2V, delay constraints are very critical to activate automated braking system or to ensure efficient cooperative adaptive cruise control. However it seems reasonable that for pedestrians such delay constraints can be relaxed. Additionally, if the UE monitors the V2X pools it might receive many message from all the UEs in the communication range which might eventually drain the battery.  On the other hand, if Uu multicast reception is used, latency might be higher but the V2X AS can make sure to properly filter packets and only deliver a single warning message to the pedestrian. Therefore, also considering UE complexity, it seems not urgent to require sidelink reception capabilities for pedestrians, i.e. pedestrians can monitor the Uu multicast channel to receive vehicles presence warnings.
Proposal:
· Introduce mode-3 as a resource selection mode that is suitable for handheld devices
· No sidelink reception capabilities required for pedestrians
· IDLE operation supported
· Limited OOC operation if device does not have SS/PDSCH detection capability.
In the following, we describe the basic principles of the new transmission mode.
Transmission Mode 3
Energy consumption can be improved by avoiding the requirement for the UE to sense the radio environment for resource selection. Additional implementation-specific optimizations may be possible in the UE and should not be prevented by specification.
In terms of resource selection, we think that it is necessary to implement simple procedures for handheld UEs. 
Proposal:
· When in mode-3:
· SA:
· Device transmits on the P2X SA subframe in the serving cell/OOC configuration 
· SA Frequency resource(s) selected randomly among possible subbands
· SA Time resource(s) selected according to UE implementation
· Data associated with SA:
· Allowed Tx format (e.g., BW and max nr of retx) (pre)configured or signaled in SIB. 
· UE can choose MCS and nr of retx up to limit set by eNB.
· Data resources selected randomly across those that can be signaled by the SA
P2x over Uu
We do not see optimizations for P2x over Uu with direct RAN1 impact.
[bookmark: _Ref445894167]X2P
X2P over PC5
We believe that optimizations involving transmitting UEs mounted on vehicles should be avoided if this degrades the performance of V2V services. As discussed before, V2V design should focus on meeting the specific V2V requirements, in particular capacity for the different scenarios. Furthermore, most V2X services are broadcast in nature and it is quite unclear how such services should work if the set of receivers is restricted by radio considerations.
Proposal:
· Avoid optimizations for X2P transmissions that may degrade the performance of V2V services.
X2P over Uu
For Uu delivery of x2P messages, we rely on normal LTE Uu operation. Depending on the periodicity of the transmissions, multicast delivery to IDLE UEs may be considered.
Proposal:
· IDLE and CONNECTED reception of multicast X2P messages over Uu is supported.
Conclusions 
Proposal: 
· Only 3 types of data pools are defined: V2X, I2X, and P2X.
· Transmitting UEs access the corresponding pool based on the type of transmission.
· Receiving UEs should be able to potentially monitor all pools.
· The pools may at least partly overlap.
Observation:
· Transmission using mode 1 or mode 2 is too inefficient in terms of energy for P2X.
Proposal:
· Introduce mode-3 as a resource selection mode that is suitable for handheld devices
· No sidelink reception capabilities required for pedestrians
· IDLE operation supported
· Limited OOC operation if device does not have SS/PDSCH detection capability.
· When in mode-3:
· SA:
· Device transmits on the P2X SA subframe in the serving cell/OOC configuration 
· SA Frequency resource(s) selected randomly among possible subbands
· SA Time resource(s) selected according to UE implementation
· Data associated with SA:
· Allowed Tx format (e.g., BW and max nr of retx) (pre)configured or signaled in SIB. 
· UE can choose MCS and nr of retx up to limit set by eNB.
· Data resources selected randomly across those that can be signaled by the SA
· Avoid optimizations for X2P transmissions that may degrade the performance of V2V services.
· IDLE and CONNECTED reception of multicast X2P messages over Uu is supported.
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