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1 Introduction

The SID on Feasibility Study on LTE-Based V2X Services [1] SID provides the following definitions:

•
V2V (vehicle-to-vehicle): covering LTE-based communication between vehicles.

•
V2P (vehicle-to-pedestrian): covering LTE-based communication between a vehicle and a device carried by an individual (e.g. handheld terminal carried by a pedestrian, cyclist, driver or passenger). 

•
V2I/N (vehicle-to-infrastructure/network): covering LTE-based communication between a vehicle and a roadside unit/network. A roadside unit (RSU) is a transportation infrastructure entity (e.g. an entity transmitting speed notifications) implemented in an eNodeB or a stationary UE.

This contribution addresses the protocol stack for the direct interface between UEs to support the V2X applications, with focus on the layer 2 protocols.
Besides, in RAN2#91bis, V2x scenarios were discussed and the following agreements were made: 

	Agreements:

RAN2 agrees to consider the following V2V scenarios for feasibility study

1. UL to DL via E-UTRAN (eNB and RSU eNB type) - higher priority for analysis study until december
2. SL to UL via UE type RSU and DL from E-UTRAN (bi-directional will also be included).  
· For the purpose of the initial evaluation we assume Rel-12 PC5 broadcast between UE and UE type RSU and Rel-12 Uu between UE type RSU and eNB

Multiple operator scenarios will be considered.  For the initial analysis a single eNB and multiple eNBs are assumed.  FFS which multiple operator scenarios are relevant and should be prioritized.  


In this contribution, we elaborate further on the protocol stack of the UE-type RSU as relay between sidelink and cellular uplink/downlink.

Please note that while we here use the term PC5 for the direct interface between UEs also in the context of V2X, we need to keep in mind that SA2 may define new reference points for V2X.

2 Discussion

2.1 Usage of PC5 for V2X

The PC5 interface (or any other direct interface to be define by SA2 as noted above), may potentially be used at least for the following purposes in the V2X context:

· V2V directly between UEs (Vehicles)

· V2P directly between a UE (Vehicle) and a UE (Pedestrian)

· V2I between a UE (Vehicle) and a UE (RSU)

Moreover, the SID [1] contains the following objectives:
1) For support of PC5 transport for V2V services (to be completed by RAN#70 – December 2015), at least including:

a) Identify necessary enhancements (e.g. of potential enhancements: mitigate impact of half duplex constraint, reduce resource collision, enhance pool structure, enhance resource patterns, SA information transmitted in same subframe as the associated data) to the resource allocation mechanism to meet identified requirements for robustness, latency, overhead and capacity [RAN1]

b) Identify any necessary PC5 enhancements for high Doppler case (e.g. up to 280 km/h up to 6 GHz) such as enhanced DMRS, and also synchronization based on GNSS at least for out of coverage operation.[RAN1]
Support for PC5 transport for V2V services shall be given the highest priority until RAN#70.
2) For support of Uu transport for V2V, and PC5/Uu transport for V2I/N and V2P services (to be completed by RAN#72 – June 2016), at least including:
a) Evaluate the feasibility of Uu transport for V2V and V2P in terms of meeting latency requirements, network coordination required, resource efficiency, and energy efficiency of UE,. [RAN1, RAN2, RAN3]

b) Identify and evaluate enhancements required to support each of eNB type and UE type RSU [RAN1, RAN2, RAN3]. According to the current SA status, RAN2 will not study solutions for UE-to-UE relaying based on a new architecture for UE-type RSU.
c) Identify and evaluate the necessity of enhancements to multi-cell multicast/broadcast for reduced latency and improved efficiency [RAN1, RAN2, RAN3].
The starting point is the current PC5 protocol stacks defined for Rel-12/13: PC5-D, PC5-U and PC5-S. 
2.2 Applicability of the PC5 protocol stacks for V2X
In this section, we will walk through the Rel12/13 PC5 protocol stacks and discuss applicability for V2X.
2.2.1 Rel12/13 PC5-D protocol stack
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Figure 1: PC5-D protocol stack for Rel-12/13 ProSe
PC5-D is used for various types of ProSe Discovery. For V2X, SA2 needs to define whether procedures corresponding to ProSe discovery would needed below the application layer. Our current assumption is that ProSe Discovery is not needed for V2X, and thus not the PC5-D protocol stack.
Observation 1 There may be no need for a protocol stack corresponding to PC5-D for V2X applications.
2.2.2 Rel12/13 PC5-U protocol stack

[image: image2]
Figure 2: PC5-U protocol stack for Rel-12/13 ProSe
PC5-U is used for ProSe application data transfer, using broadcast, unicast and multicast. We think that for PC5-based transfer of V2X application messages, we need a similar stack as PC5-U. Potentially the current Rel-12/13 PC5-U protocol stack needs to be evolved to support V2X requirements. 
Proposal 1 The PC5 user plane protocol stack for PC5-based V2X should be designed with the ProSe PC5-U protocol stack as starting point.

2.2.3 Rel12/13 PC5-S protocol stack


[image: image3]
Figure 3: PC5-S protocol stack for Rel-12/13 ProSe
PC5-S is the control plane protocol stack for management of ProSe unicast communication as well as the link between a Remote UE and a UE-to-Network Relay. If required by V2X applications, a similar control plane protocol would be needed.
Observation 2 If required by V2X applications the PC5 control plane protocol stack for PC5-based V2X could be based on the ProSe PC5-S protocol stack.

2.3 User plane protocol stack for PC5-based V2X
As we propose above to use the PC5-U protocol stack as the starting point for the user plane for PC5-based V2X, this also implies that the current layer-2 protocol layers as used on sidelink will be the starting point when applied for V2X. In this section, we discuss more in detail the different layer 2 protocols and identify applicability for V2X. Also the typical overhead on each layer is calculated.
Disclaimer 1: As stage 3 for Rel-13 is not completed, we use the Rel-12 versions of the protocol layers [3]

 REF _Ref430162417 \r \h 
[4]

 REF _Ref430162437 \r \h 
[5] as the basis for this contribution.

Disclaimer 2: In [2] we discuss solutions for traffic management, such as prioritization, which might affect L2 sublayers, including PDU formats. This has not been taken into account when analysing the L2 protocol impact from V2X.
2.3.1 PDCP

Functions: The PDCP layer includes in particular the following functions when applied on the user plane on sidelink (PC5-U):

· header compression and decompression of IP data flows
· ciphering and deciphering of user plane data
· SDU type differentiation (between IP, ARP and others)
Short analysis: We expect the above functions also be applicable for PC5-based V2X. SA3 should address the security aspects and identify any enhancements in the PDCP layer. In case IP-less data transfer is to be supported for V2X (to be clarified by SA2), we expect also a potential impact on the SDU type differentiation (e.g. new codepoint(s) in the SDU Type field). 
Observation 3 The PDCP layer for PC5-U may be applied also for PC5-based V2X, possibly with enhancements at least on security and SDU type differentiation.

Formats: The figure below illustrate the Rel-12 PDCP Data PDU format for sidelink.
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Figure 4: PDCP Data PDU format for SLRB [3]
Overhead: As seen in the figure above, the PDCP header of a Rel-12 PDCP data PDU on the sidelink occupies 5 octets. 
2.3.2 RLC

Functions: The RLC layer, when applied on PC5-U, includes in particular the following functions:
· transfer of upper layer PDUs;

· concatenation, segmentation and reassembly of RLC SDUs (as part of UM data transfer);

· reordering of RLC data PDUs (as part of UM data transfer);

· duplicate detection (as part of UM data transfer);

· RLC SDU discard (as part of UM data transfer);

· RLC re-establishment;

Short analysis: On PC5-U only RLC-UM is supported today and with a fixed, specified configuration. For PC5-based V2X, we think we can reuse the RLC-UM “as-is”. So far we have not identified RLC-AM or RLC-TM in the user plane for PC5-based V2X.
Observation 4 The RLC layer for PC5-U may be applied also for PC5-based V2X. We have so far not identified any necessary enhancements.

Formats: The figures below illustrate examples of two different formats of the RLC UM Data PDU on PC5-U. In case of more than one data field is present, the extended header format is used with length indicator(s) (Figure 6).

[image: image5.emf]E FI SN

Data

...

Oct N

Oct 1

Oct 2


Figure 5: UMD PDU with 5 bit SN (No LI) [4]
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Figure 6: UMD PDU with 5 bit SN (Odd number of LIs, i.e. K = 1, 3, 5, …) [4]
Overhead: Assuming a 5 bit sequence number, and a single data field in the UMD Data PDU, no length indicator would be needed (Figure 5) and thus the RLC header occupies 1 octet.
2.3.3 MAC

Functions: The MAC layer when applied on PC5-U (SL-SCH), includes the following functions:
· mapping between logical channels and transport channels;

· multiplexing of MAC SDUs from one or different logical channels onto transport blocks (TB) to be delivered to the physical layer on transport channels;

· de-multiplexing of MAC SDUs from one or different logical channels from transport blocks (TB) delivered from the physical layer on transport channels;

· scheduling information reporting;

· error correction through HARQ;

· priority handling between UEs by means of dynamic scheduling;

· priority handling between logical channels of one MAC entity;

· Logical Channel prioritisation;

· transport format selection;

· radio resource selection for SL.
Short analysis: We assume that all functions of the current sidelink MAC can be applied also for PC5-based V2X.
Observation 5 The MAC layer for PC5-U may be applied also for PC5-based V2X. We have so far not identified any necessary enhancements.
Formats: As illustrated below, a MAC PDU consists of a MAC header, zero or more MAC Service Data Units (MAC SDU), zero, or more MAC control elements, and optionally padding.
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Figure 7: Example of MAC PDU consisting of MAC header, MAC control element, MAC SDUs and padding [5]
· 
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Figure 8: R/R/E/LCID/F/L MAC subheader [5]
· 
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Figure 9: R/R/E/LCID MAC subheader [5]
· 
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Figure 10: SL-SCH MAC subheader [5]
Overhead: Assuming a MAC PDU with one MAC SDU, a SL-SCH MAC subheader, a single R/R/E/LCID MAC subheader, the MAC header would occupy 1+6 = 7 octets. Any overhead because of MAC padding has not been taken into account.
2.4 User plane protocol stack for UE-type RSU 
In this section, we take a closer look at how the protocol stack for a UE-type RSU could look like. As described in our companion paper [8], a UE-type RSU could act as a relay between sidelink and cellular uplink/downlink. Both IP-based and IP-less traffic (to be verified by SA2) on PC5 could exist for V2x scenario:

- V2V messages: it can be typically sent from the vehicles via IP-less PC5, and when the RSU application layer receives the message, it may filter the message and originate new messages to an application server when needed.

- V2N messages: it can be typically sent from the vehicles via IP-based messages to the application server, and when RSU receives this message, it would help to relay the message via a UE-Network relay.

- V2I messages: it can be typically sent from the vehicles via IP-less or IP-based PC5, and when the RSU application layer receives the message, it may filter the message and originate new messages to an application server when needed.
Therefore, there would be two kinds of protocol stack to handle the traffic
1) For IP-based V2x messages on PC5, the R12/13 UE-NW relay protocol stack [6] is to be re-used.
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Figure 11 User Plane for UE-type RSU as UE-to-Network relay for IP-based messages
Proposal 2 In case of IP-based V2x message on PC5, the UE-type RSU should operate as a UE-to-NW relay.
2) For IP-less V2x messages on PC5, the message would have to terminate at UE-type RSU in application layer, in order for traditional IP-based message delivery via Uu interface, i.e., it relies on the application layer existence at UE-type RSU to transform between IP-less and IP-based messages between PC5 and Uu interface. Another option is to implement IP-less message delivery via Uu as well, which is being studied in CIoT SI in SA2 [7] yet according to the latest SA2#111 meeting, this solution is not applicable to V2x due to some reasons:

a. It should use NAS to carry the IP-less messages for the traffic model of ‘infrequent small packets’, which is not the target of V2x SI here for medium/high load scenario. 

b. It is limited to the scenario of a single bearer (between UE-type RSU and NW here), which is too restrictive for V2x system design

c. The IP-less message delivery solution in CIoT requires additional CIoT network entities, which adds more reliance on CIoT network architecture for network deployment.
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Figure 12 User plane for UE-type RSU as application termination point for IP-less messages
Proposal 3 In case of IP-less V2x message on PC5, the UE-type RSU should terminate the message at application layer.
3 Conclusion

In this contribution, we have gone through the current layer 2 protocol stacks for PC5 and quickly analysed the applicability for PC5-based V2X.

In section 2 we made the following observations:
Observation 1
There may be no need for a protocol stack corresponding to PC5-D for V2X applications.
Observation 2
If required by V2X applications the PC5 control plane protocol stack for PC5-based V2X could be based on the ProSe PC5-S protocol stack.
Observation 3
The PDCP layer for PC5-U may be applied also for PC5-based V2X, possibly with enhancements at least on security and SDU type differentiation.
Observation 4
The RLC layer for PC5-U may be applied also for PC5-based V2X. We have so far not identified any necessary enhancements.
Observation 5
The MAC layer for PC5-U may be applied also for PC5-based V2X. We have so far not identified any necessary enhancements.


Based on the discussion in section 2 we propose the following:
Proposal 1
The PC5 user plane protocol stack for PC5-based V2X should be designed with the ProSe PC5-U protocol stack as starting point.
Proposal 2
In case of IP-based V2x message on PC5, the UE-type RSU should operate as a UE-to-NW relay.
Proposal 3
In case of IP-less V2x message on PC5, the UE-type RSU should terminate the message at application layer.
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