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Introduction
In this documents, we propose other enhancements for V2P service and mobility enhancements for V2X.
Potential enhancement for V2P
As we discussed in the RAN2 reflector, a pedestrian UE (e.g. smartphone carried by a user) may need to periodically or almost continuously monitor potential sidelink V2X transmissions from vehicles in proximity and/or potential downlink V2X transmissions from eNB. On the other hand, a pedestrian UE may need to periodically transmit V2X messages e.g. every 100ms in uplink while being in RRC_CONNECTED or in sidelink. 
It seems obvious that from power saving perspective, a pedestrian UE should not keep monitoring SL transmissions or DL broadcast from potential vehicles in proximity. For instance, while staying in a house, a user does not need to monitor V2X messages transmitted by vehicles. 
Observation 1: For UE power saving, a pedestrian UE should not keep monitoring SL transmissions or DL broadcast for V2P service at all times)

We think that V2P (i.e. reception in P-UE) can be triggered by P2V (i.e. transmission in P-UE). Thus, when it comes to Uu, E-UTRAN could send filtered V2X message to P-UE in DL unicast only when P-UE sends V2X message in UL unicast. When it comes to PC5, the application layer of vehicles could send V2X message to P-UE in SL only when P-UE is assumed to be in proximity based on the V2X message received from P-UE. 
Observation 2: V2P (i.e. transmission of V2X message from a vehicle) can be triggered by P2V (i.e. transmission of V2X message in P-UE).

The observation above does not mean that vehicles will not transmit V2X messages until they detect P-UE. Even though we are not sure that V2V message are different than V2P message, vehicles should be able to transmit for V2P service e.g. when vehicles are moving within a school zone, vehicles could blindly broadcast V2X messages to pedestrians and pedestrians may keep monitoring V2X messages within the school zone.
PC5/Uu capacity necessary to support V2P service including P2V is not clear. Generally speaking, when Uu transport is used for V2P, E-UTRAN could transfer ‘filtered V2X messages’ related to UEs’s location to a single P-UE (Pedestrian UE) or multiple P-UEs walking along the same street. E-UTRAN could use either unicast DRB or broadcast MRB to provide P2V to those P-UEs. For instance, unicast DRB can be used in suburban while broadcast MRB can be used in urban.
Observation 3: E-UTRAN may transfer ‘filtered V2X messages’ related to UEs’s location to a single P-UE (Pedestrian UE) or multiple P-UEs. Both unicast and broadcast are used in downlink for V2P service.
RAN1 agreed to specify mechanisms to report UE geographical information to the eNB for SL V2V. We are interested to support this reporting mechanism for V2P as well as V2V. For instance, P-UE does not periodically transmit V2X messages for power saving but reports its geo-information to E-UTRAN when variance of its location is high. eNB enables V2P service for this P-UE when P-UE becomes in proximity of a certain vehicle UE transmitting V2X messages.
Proposal 1: Reporting of geo-information from a pedestrian UE is considered to help eNB enable V2P service for both PC5 and Uu.

Meanwhile, we wonder if E-UTRAN can properly enable V2P service only based on P-UE location. As we explain above, while staying in a house, a user may not need to monitor V2X messages transmitted by vehicles. But, if the house is located along a street, it is unclear E-UTRAN can correctly handle V2P service. Thus, we should consider user’s preference to enable V2P. That is, UE should be able to turn off or turn on V2P operation according user‘s choice. For instance, when UE indicates no interest in V2P operation (e.g. like MBMS interest indication), eNB does not configure reporting of geo-information for this UE. This indication could be also signaled together with the report of geo-information.
Proposal 2: A pedestrian UE should be able to indicate to eNB whether UE is interested to enable V2P operation or not. eNB may enable or disable V2P operation for the UE based on the indication.
When V2P operation is enabled, P-UE may periodically transmit V2X message. But, from P-UE perspective, reception of V2X messages from vehicles could significantly consume P-UE power e.g. when a RAN2 delegate is running along roads in one hour before a meeting. Thus, it seems beneficial to differentiate V2P TX operation (i.e. P2V) and V2P RX operation (i.e. V2P) in enabling V2P service. 
Proposal 3: eNB should be able to separately enable/disable TX and RX operation of a pedestrian UE for V2P service
We observed that E-UTRAN may transfer ‘filtered V2X messages’ related to UEs’s location to a single P-UE (Pedestrian UE) or multiple P-UEs. Assuming that a P-UE may periodically monitor specific subframes i.e. active time in DL, delivery of the filtered V2X messages will be delayed until the next active time. We may reduce DRX cycle for short service delay but we will lose power saving gain, then. As we know, DRX cycle and service delay are in a trade-off. 

As a potential solution, reception timing in P-UE can be aligned with transmission timing in P-UE. For instance, when P-UE transmits a message, P-UE could expect that vehicles in proximity will transmit a message in a certain time window. That is, P-UE additionally monitors the time window aligned with P2V transmission as active time in DL DRX operation. This mechanism can be also applied to SL.
Proposal 4: For reception of message for V2P, reception timing in P-UE can be aligned with transmission timing in P-UE. 
·     For SL, vehicles transmit messages within a time window aligned with transmission timing in P-UE so that P-UE monitor only the time window in SL. 
·     For DL, E-UTRAN transmit messages within a time window aligned with transmission timing in P-UE so that P-UE considers the time window as active time in DRX.
Potential mobility enhancements for V2X
As investigated in [1][2], the vehicular UEs with high speed in RRC_CONNECTED experience short average time of stay at a cell (e.g. 8 seconds in ISD = 1732m and 4 seconds in ISD = 500m) and so perform handover very frequently. As we can see in Table 1, UEs in Freeway cases with 140 km/h experience 19% HOF Rate in ISD = 1732m and 21% HOF Rate in ISD = 500m. 
Table 1: Handover failures for vehicular UEs in V2X evaluation scenarios [1][2]
	
	Urban case
	Freeway case (Option 1)
	Freeway case (Option 2)

	
	15km/h
	60km/h
	70km/h
	140km/h
	70km/h
	140km/h

	Successful HOs/UE/s
	0.041773
	0.12367
	0.070895
	0.098288
	0.119501
	0.183027

	HOFs/UE/s
	0.00036
	0.01196
	0.005343
	0.022492
	0.015439
	0.048807

	HO Failure 
Rate (%)
	0.854449
	8.81834
	7.00771
	18.622
	11.4416
	21.0526


Considering high HO failure rate, we propose the following potential enhancements for V2X study when UE is in HOF or RLF:
Solution 1: Fall-back to SL semi-persistent scheduling transmissions
·     E-UTRAN configures SP configuration in both SL and UL for the UE. Upon detection of RLF or HOF, UE falls back to SL semi-persistent scheduling. Note that this solution can be used only when both PC5 and Uu are used for V2X.

Solution 2: maintenance of SL/UL semi-persistent scheduling transmissions in RLF or HOF
·     Upon detection of RLF or HOF, UE keeps performing SL or UL semi-persistent scheduling transmissions until re-establishing to a new cell. UL transmissions can be based on CB-PUSCH. Note that this solution can be used when only Uu is used for V2X or when only PC5 is used for V2X.
Considering frequent HO occurrences, we could also consider the following small optimization for the UE performing HO. 
Solution 3: maintenance of SL/UL semi-persistent scheduling configuration at a target cell
·     E-UTRAN could allow UE to keep semi-persistent scheduling configuration for SL and UL whenever UE changes a cell. The target eNB can quickly activate SP operation in SL or UL for the UE when the UE sends a UE dedicated preamble or RRC connection reconfiguration complete to the target eNB. This solution seems less impact on the specification.
Proposal 5: The solutions above are considered as potential mobility enhancement for V2X. 
Conclusion

In conclusion, we propose the following:
Observation 1: For UE power saving, a pedestrian UE should not keep monitoring SL transmissions or DL broadcast for V2P service at all times)

Observation 2: V2P (i.e. transmission of V2X message from a vehicle) can be triggered by P2V (i.e. transmission of V2X message in P-UE).

Observation 3: E-UTRAN may transfer ‘filtered V2X messages’ related to UEs’s location to a single P-UE (Pedestrian UE) or multiple P-UEs. Both unicast and broadcast are used in downlink for V2P service.

Proposal 1: Reporting of geo-information from a pedestrian UE is considered to help eNB enable V2P service for both PC5 and Uu.

Proposal 2: A pedestrian UE should be able to indicate to eNB whether UE is interested to enable V2P operation or not. eNB may enable or disable V2P operation for the UE based on the indication.
Proposal 3: eNB should be able to separately enable/disable TX and RX operation of a pedestrian UE for V2P service

Proposal 4: For reception of message for V2P, reception timing in P-UE can be aligned with transmission timing in P-UE. 

·     For SL, vehicles transmit messages within a time window aligned with transmission timing in P-UE so that P-UE monitor only the time window in SL. 

·     For DL, E-UTRAN transmit messages within a time window aligned with transmission timing in P-UE so that P-UE considers the time window as active time in DRX.

Proposal 5: The solutions above are considered as potential mobility enhancement for V2X. 
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