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1 Introduction

The WID [1] says: 

	5) To specify a mechanism to enable E-UTRAN to select between PC5 and Uu for transport of V2V messages within network coverage, if necessary, in coordination with other working groups [RAN2]
Note that this mechanism should be applicable to potential enhancement to Uu for V2V services, e.g., the outcome of the Uu-based V2V part in TR 36.885. Note that Uu performance enhancement for V2V is not the scope of this WI.


This contribution discusses use cases and solutions for path selection between PC5 and Uu, for V2V messages, in order to make a conclusion of potential RAN specification impact from path selection.
2 Discussion
2.1 Transmitting UE

For a UE transmitting V2V messages, there are many aspects to consider regarding which path that is used by these messages. The list below provides a few examples and should not be seen as a complete list of aspects.
1.  Existence of path

a. Only Uu, e.g. no PC5 infrastructure coverage

b. Only PC5, e.g. no E-UTRAN coverage

c. Both PC5 or Uu (only case an active path selection can be made)

2. IP or non-IP

a. If Uu path selected -> IP must be used OR 
if application only supports IP -> select Uu path

b. If PC5 path selected -> IP or non-IP can be used OR 
if application only supports non-IP -> select PC5 path 

3. Application level information
a. Message type

i. E.g. V2I message or V2V via infrastructure message -> PC5 or Uu can be used
b. Geographical area to be covered

i. E.g. a wide area to be covered, select Uu path

ii. E.g. a local area to be covered, PC5 or Uu can be used
c. V2X operator policy / V2X network deployment specific
i. E.g. use of PC5 is prioritized over Uu, or vice versa, for a specific V2X application in a specific area
4. QoS / congestion

a. If a path is not configured with required QoS -> that path cannot be used
i. E.g. Message only valid for direct V2V due to low latency requirements -> PC5 to be selected
b. Congestion on PC5 -> PC5 cannot be used

5. Mobility

a. At handover

i. The RRC connection, including the bearers used for V2X on Uu, will be handed over from the source eNB to the target eNB

ii. The purpose with this procedure is to provide service continuity at mobility, so no need to switch path to PC5, since the UE should not notice.

b. At radio link failure, handover failure, etc, on Uu

i. According to TS 36.331, after e.g. radio link failure and handover failure, the UE shall select a suitable E-UTRA cell and then initiate RRC Connection Re-establishment

ii. During this recovery, the radio bearers will be suspended and PDCP will make sure no UL data will be lost. No further action in the access stratum to redirect data to PC5 will be needed at this point.

iii. If RRC Connection re-establishment succeeds the UE will continue to use the Uu bearers that were re-established. 
iv. If the RRC Connection re-establishment was unsuccessful, the UE will enter idle mode and if it has not found a suitable E-UTRA cell it will be out of E-UTRA coverage. At this point the application layer will be notified it can only use PC5. We assume here that out of coverage PC5 data transmission for V2X has been configured in the UE.
The above examples illustrate that even if the path selection for transmission is influenced in many cases by events in lower layers, the application is typically aware of these events and actually the path selection also needs information in the application layer, such as application message type, which cannot be specified by 3GPP. 

Observation 1 Application layer information is needed in order to perform transmitter side path selection.

And since typically V2V messages will use non-IP over PC5 but are restricted to IP over Uu (based on current SA2 status), the application layer needs to see the PC5 and Uu as two separate interfaces.

Observation 2 PC5 and Uu are visible as two separate interfaces towards the application layer.

There are still several aspects of transmitter side path selection which is known / controlled by the 3GPP layer, including E-UTRAN. 

· Whether PC5 is supported by the eNB. If PC5 is supported by the eNB and the UE is configured for V2V services, eNB may configure also PC5 transmit resources for this UE, in order to allow PC5 transmission. If it does not configure PC5 resources (for any reason), the UE cannot use PC5 and would need to use Uu.
· The load situation, e.g. over PC5. To reduce PC5 congestion, we propose traffic management, such as specified in the Decentralized Congestion Control (DCC) regulatory requirements (as discussed in the companion contribution [2]). DCC involves the application layer but relies also on mechanisms on lower layers. 
None the above E-UTRAN aspects are not specific for path selection, but may be used to control it nevertheless.
Observation 3 eNB can influence the path selection by controlling the PC5 resources available for the UE.

Observation 4 Traffic management functions, such as Decentralized Congestion Control (DCC) aim at reducing the risk of PC5 congestion and thus the need for path switch from PC5 to Uu triggered by PC5 congestion. 

So, therefore we propose:

Proposal 1 Selection between Uu and PC5 path for transmission of V2V messages should be performed by the application layer, optionally based on input from the 3GPP layer (including Access Stratum).

Examples of input from the 3GPP layer to the application layer used for path selection are:
· Uu interface available (i.e. whether the UE is in E-UTRAN coverage, whether the PDN connection to the APN used for V2X is established)
· PC5 interface availability (i.e. whether the E-UTRAN supports PC5)
· PC5 load/congestion level (see also 2.3 below).
2.2 Receiving UE

For the UE receiving V2V messages, there may also be a similar path selection. More specifically, if both PC5 and Uu is available, as the UE will in principle always be available to receive Uu, when should the UE also monitor PC5? In case the eNB configured the UE to use PC5 transmission resources, it is natural that the UE will also monitor PC5. However, the eNB cannot prevent the UE from monitoring PC5 reception even when the same UE has not been configured with PC5 transmission resources.
Observation 5 eNB cannot prevent a UE to receive PC5.
Moreover, in Rel-12 a UE capable of PC5 in a given frequency band, is required to monitor both PC5 and Uu simultaneously on that carrier. As the eNB is aware of the UE capabilities it would be aware of that a UE monitors PC5 and Uu simultaneously on a given carrier. 

Therefore, to mandate a PC5 capable UE to monitor its PC5 bands always would be possible, if we neglect UE power consumption, which is not expected to be a main problem for at least vehicles. If we mandate a PC5-capable UE to always monitor PC5, and given that Uu is always monitored as well, even in idle mode, the path selection for reception will be reduced to PC5 availability in E-UTRAN and of course in the UE. In this way, the UE will always receive V2X messages, independently of the path selected by transmitting UEs.
Observation 6 A UE monitoring PC5 and Uu in parallel (when e.g. network configuration and E-UTRAN coverage so allows), will receive V2X messages independently of the path selected by transmitting UEs.

Proposal 2 A UE which is authorized to use V2X over PC5 and which is provisioned with policies and parameters for V2X message transmission/reception over PC5 is required to monitor PC5 reception.
2.3 PC5 Load/congestion measurement for path switch
In our companion paper [2], we propose to introduce a PC5 load/congestion metric that is compliant with the ETSI regulatory requirements that need to be fulfilled in some countries and that at the same time need to meet the LTE physical channel structure which is different from IEEE 802.11p.
An issue is whether the actual congestion/load measurement should be reported to the eNB, or if it should just be signalled to the UE application layer depending on UE implementation.
The report of the measurement to the eNB might be beneficial, however we also recognize that this would just add signalling. Given that, we believe that the congestion status can be simply reported by the UE physical layer to the UE application layer which is ultimately in charge of taking such congestion/load measurement into account to for a possible path switch in case of congested PC5. 
Proposal 3 It may be beneficial to use PC5 load/congestion measurements for path switch.
Proposal 4 The physical layer in the UE may be configured by higher layers to report a PC5 load/congestion measurement to higher layers, so that the application layer may use it as an input for path selection.  
2.4 RAN specification impacts of path selection
The PC5 load/congestion measurement may be useful to perform path selection but they are not to be considered essential for this purpose. Therefore, the above discussion leads to the overall conclusion that to execute path switch no relevant RAN specification impact is needed:

Observation 7 Path selection for V2X services can be implemented with no or minimum specific changes in the RAN specifications.
3 Conclusion

In section 2 we made the following observations:
Observation 1
Application layer information is needed in order to perform transmitter side path selection.
Observation 2
PC5 and Uu are visible as two separate interfaces towards the application layer.
Observation 3
eNB can influence the path selection by controlling the PC5 resources available for the UE.
Observation 4
Traffic management functions, such as Decentralized Congestion Control (DCC) aim at reducing the risk of PC5 congestion and thus the need for path switch from PC5 to Uu triggered by PC5 congestion.
Observation 5
eNB cannot prevent a UE to receive PC5.
Observation 6
A UE monitoring PC5 and Uu in parallel (when e.g. network configuration and E-UTRAN coverage so allows), will receive V2X messages independently of the path selected by transmitting UEs.
Observation 7
Path selection for V2X services can be implemented with no or minimum specific changes in the RAN specifications.


Based on the discussion in section 2 we propose the following:
Proposal 1
Selection between Uu and PC5 path for transmission of V2V messages should be performed by the application layer, optionally based on input from the 3GPP layer (including Access Stratum).
Proposal 2
A UE which is authorized to use V2X over PC5 and which is provisioned with policies and parameters for V2X message transmission/reception over PC5 is required to monitor PC5 reception.
Proposal 3
It may be beneficial to use PC5 load/congestion measurements for path switch.
Proposal 4
The physical layer in the UE may be configured by higher layers to report a PC5 load/congestion measurement to higher layers, so that the application layer may use it as an input for path selection.
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