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1 Introduction

The WID on Support for V2V services based on LTE sidelink [1] includes, among others, the following objective:

5) To specify necessary radio protocols and RRC signaling to support the above features [RAN2]
The specified enhancements should reuse the existing features of LTE as much as possible.

This contribution addresses the protocol stack for the direct interface between UEs to support the V2X applications, with focus on the layer 2 protocols.
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 defined 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)

The starting point is the current PC5 protocol stacks defined for Rel-12/13: PC5-D, PC5-U and PC5-S. 
According to TR 22.885 [2] V2V characterized with the following 

V2V is predominantly broadcast-based; V2V includes the exchange of V2V-related application information between distinct UEs directly and/or, due to the limited direct communication range of V2V, the exchange of V2V-related application information between distinct UEs via infrastructure supporting V2X Service, e.g., RSU, application server, etc. 

After an analysis of the identified V2V use cases in [2] we have come to the conclusion that in case ProSe Direct Communication over PC5 is used, they may all be supported by using L2 broadcast over sidelink. As the MAC layer supports the destination addressing, MAC needs to support broadcast for V2X. Whether also multicast and/or unicast is used for V2X on sidelink MAC, needs to be clarified by SA2.
Proposal 1 For PC5-based V2X, L2 broadcast communication is needed. No need for PC5 multicast and unicast for V2X.
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 No need for a protocol stack corresponding to PC5-D for V2X applications.
2.2.2 Rel12/13 PC5-U protocol stack
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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 2 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
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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.
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 over PC5 (to be clarified by SA2), and depending on the selected solution for IP-less, we expect also a potential impact on the SDU type differentiation in PDCP (e.g. new codepoint(s) in the SDU Type field). 
Proposal 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. Pending decision in SA3.
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” or directly RLC-TM. So far we have not identified RLC-AM in the user plane for PC5-based V2X.
Proposal 4 The RLC layer for PC5-U or RLC-TM may be applied also for PC5-based V2X. 

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.
As stated in Observation 1, we expect that at least L2 broadcast is needed for PC5-based V2X communication. As the Rel-13 MAC layer only supports multicast and unicast destination addressing, we need to add broadcast destination addressing to support the V2X use cases. The same applies for the physical layer.
Proposal 5 Add broadcast destination addressing in the sidelink MAC (and PHY) layer. How to support this needs to be discussed.
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 [3], a UE-type RSU could be used to forward the V2V/V2P message from PC5 to Uu interface, in order to deliver the messages using Uu interface. Specifically, the V2V/V2P messages 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.
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Figure 4 User plane for UE-type RSU as application termination point for IP-less PC5 messages (Uu interface can be IP-based or IP-less)
As shown in Figure 4, the PC5 messages from UE would have to terminate at UE-type RSU in application layer, then it relies on the application layer existence at UE-type RSU to transform between IP-less PC5 and Uu interface, where the Uu interface has two options:

1) IP-based Uu interface: This as the traditional approach enables full flexibility and simplification of cellular bearer, yet concern may arise due to IP header overhead for each message, considering V2x would have to tackle high load scenario (e.g., in urban scenario). 
2) IP-less Uu interface: Reducing overhead due to IP header, this approach would cause larger impact to the architecture, e.g., the single bearer limitation and reliance on CIoT network entities.
Observation 3 UE-type RSU acts as application layer relay when forwarding PC5 messages to network.
3 Conclusion

In section 2 we made the following observations:
Observation 1
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
UE-type RSU acts as application layer relay when forwarding PC5 messages to network


Based on the discussion in section 2 we propose the following:

Proposal 1
For PC5-based V2X, L2 broadcast communication is needed. No need for PC5 multicast and unicast for V2X.
Proposal 2
The PC5 user plane protocol stack for PC5-based V2X should be designed with the ProSe PC5-U protocol stack as starting point.
Proposal 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. Pending decision in SA3.
Proposal 4
The RLC layer for PC5-U or RLC-TM may be applied also for PC5-based V2X.
Proposal 5
Add broadcast destination addressing in the sidelink MAC (and PHY) layer. How to support this needs to be discussed.
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5 Annex A - Text proposal

Here we present a text proposal for how to capture our proposals in the TR.

5.1.X
Protocol stack

5.1.X.1
User plane

PC5-U is used for ProSe application data transfer, using broadcast, unicast and multicast. 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. 
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Figure 5.1.X.1-1: PC5-U protocol stack for Rel-12/13 ProSe
5.1.X.1.1
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 over PC5 (to be clarified by SA2), and depending on the selected solution for IP-less, we expect also a potential impact on the SDU type differentiation in PDCP (e.g. new codepoint(s) in the SDU Type field). 

5.1.X.1.2
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, RLC-UM could probably be reused “as-is” or RLC-TM is used. So far no need for RLC-AM in the user plane for PC5-based V2X has been identified.
5.1.X.1.3
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: All functions of the current sidelink MAC can be applied also for PC5-based V2X.

At least L2 broadcast is needed for PC5-based V2X communication. As the Rel-13 MAC layer only supports multicast and unicast destination addressing, broadcast destination addressing to support the V2X use cases need to be added. The same applies for the physical layer.

5.1.X.1.3
PHY

Editor’s note: To be completed by RAN1.

5.1.X.2
Control plane
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Figure 5.1.X.2-1: 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. 
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