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1 Introduction

This contribution addresses open issues in the design of the PC5 Layer-2 protocol stack. In summary, we propose to reuse the PC5-U stack, but not use the PC5-D and PC5-S stacks. We also provide an analysis of the UP protocols PDCP, RLC, and MAC.
2 Discussion
2.1 PC5 protocol architecture for V2X

SA2 has specified a PC5 user plane protocol stack in TS 23.285 [4] subclause 5.1.1 “User plane for PC5 reference point supporting V2X services”, as follows:
	Editor's Note: It is FFS whether the PC5-U stack is captured here or in TS 23.303 to achieve consistent reference point definition. 
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In this release, "V2X-non-IP" is only supported over PC5 link.
Legend:

-
PC5-U: The PDCP/RLC/MAC/PHY functionality is specified in TS 36.300 [10].

-
For PDCP SDU type "V2X-non-IP", stage 3 will define the next layer header in order to support multiple V2X application formats.

Editor's Note: Stage 3 can decide if the "V2X-non-IP" SDU type is to be a new type, or to be merged with any existing SDU types, e.g. "PC5 Signaling", also whether it should be generic for all "non-IP" data over PC5 reference point.

Figure 5.1.1-1: User plane for PC5 reference point supporting V2X services



Moreover, SA2 are also specifying the procedure for V2X communication over PC5 in TS 23.285 [4] in sublause 5.3 “Procedure for V2X communication over PC5 reference point”, as follows:

	To perform V2X communication over PC5 reference point, the UE is configured with the related information as described in clause 4.4.1.1.
The procedure for one-to-many ProSe Direct Communication transmission described in clause 5.4.2 of TS 23.303 [5] is applied to V2X communication over PC5 reference point with following differences:

-
The source Layer-2 ID is set to the Layer-2 ID described in clause 4.5.1.
-
A UE shall be configured with a set of Layer-2 ID corresponding to different type of services.
The procedure for one-to-many ProSe Direct Communication reception described in clause 5.4.3 of TS 23.303 [5] is applied to V2X communication over PC5 reference point.



As the ProSe procedure for one-to-many communication, including the destination Layer-2 ID, is reused, we make the following observation:

Observation 1 V2X communication over PC5 is based on the framework for one-to-many ProSe Direct Communication
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 in Rel-12 and Rel-13. The current SA2 assumption [1] is that “ProSe discovery like feature is not required for V2X Services”. We also recognize that the implementation of PC5-D is not expected to bring any special benefit in the context of V2X. Therefore it is proposed that RAN2 follows the SA2 assumption and do not reuse the PC5-D protocol stack in the context of V2X.
Proposal 1 No need to specify PC5-D protocol stack for V2X applications.
2.2.2 Rel12/13 PC5-S protocol stack
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Figure 2: 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. In particular, according to TS 23.303, the PC5-S PC5 is used for control plane signalling over PC5 (e.g. establishment, maintenance and release of secure layer-2 link over PC5, TMGI monitoring requests, Cell ID announcement requests etc.).

SA2 in TR 23.785 [1] agreed that “One-to-all ProSe Direct Communication is connectionless. Thus there is no signalling over PC5 control plane”. Along this line, given the broadcast nature of V2X communications, we also have not identified any requirement suggesting that any of the above functionalities would be really needed for V2X. 

Proposal 2 No need to specify PC5-S protocol stack for V2X applications.

2.2.3 Rel12/13 PC5-U protocol stack
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Figure 3: 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. As described in Section 2.3, the PC5-U might need some enhancements to support V2X requirements. 

Proposal 3 The PC5 user plane protocol stack for V2X is designed with the ProSe PC5-U protocol stack as a baseline.
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 their applicability for 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. The current SA2 assumption [1] is that the V2X application can handle the user authenticity and message integrity. 
A possible impact on PDCP specification is due to the SA2 assumption [1] that IPv6-based as well as non-IP (a.k.a. IP-less) based V2X messages are to be supported over PC5. How to support IP-less data transfer over PC5 is expected to have an impact on the SDU type differentiation in PDCP (e.g. new codepoint(s) in the SDU Type field). 

Observation 2 SA2 assumption is that both IP and non-IP based V2X message transmissions are supported.

In order to distinguish IP-less data from other upper layer data (such as IP), it should be enough to add a new SDU type value in PDCP. In our view, two options are actually possible

1.
Introduce a new PDCP SDU type "V2X-non-IP" in PDCP header for PC5-based V2X.

2.
Introduce a new PDCP SDU type "non-IP" in PDCP header for PC5-based V2X.

Option 2 seems to be more flexible and future-proof since it is application agnostic.
Proposal 4 Introduce a new PDCP SDU type "non-IP" in PDCP header in order to support PC5-based V2X.

Moreover, TS 23.285 [4] suggests that stage 3 will define the next layer header in order to support multiple V2X application formats. To keep the layer 2 stack application agnostic, this “next layer header” should not be part of PDCP. If multiple application layer formats need to be supported and be distinguished between, this should be part of upper layers.

Proposal 5 Any discrimination between different application layer formats (i.e. next layer header) using the PDCP SDU type “non-IP” is performed by upper layers (i.e. not by PDCP).
The CR in [5] shows how the “non-IP” protocol discriminator is implemented.

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. So far we have not identified any need for RLC-AM in the user plane for PC5-based V2X. In [2], it is argued that RLC TM might be beneficial since avoiding segmentation would reduce latency. 
However, in LTE, RLC TM is only used when no signalling radio bearers (besides SRB0) are available, i.e. for BCCH, DL/UL CCCH, PCCH and SBCCH, when no RLC has been configured yet in the UE. For data instead, the usage of RLC TM does not give enough flexibility in case for example of resource shortage. Additionally, according to [3], the size of a V2V message is not really fixed but it might change over time to include different vehicle-specific data and security containers. Therefore, it is suggested only supporting RLC UM as in legacy ProSe operations.
Proposal 6 The RLC layer for PC5-U only supports RLC UM. 

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 [6], “one-to-many ProSe Direct Communication” is the basis for V2X communications. How to support this type of ProSe Communciation in terms of addresses and identifiers might affect the MAC layer design. 
According to SA2 in TS 23.285 [4] this “one-to-many ProSe Direct Communication” is identified by a source and destination layer-2 ID., i.e.:

-
Each UE has a Layer-2 ID for one-to-all ProSe Direct Communication that is included in the source Layer-2 ID field of every frame that it sends on the layer-2 link. 
-
The UE is configured with the destination Layer-2 ID(s) to be used for V2X services.V2X application selects the L2 ID for a V2X message based on the configuration.
-
A UE shall be configured with a set of Layer-2 ID corresponding to different type of services.
Observation 3 According to SA2, “one-to-many ProSe Direct Communication” is characterized by a set of source and destination layer-2 IDs that are configured by application differently for different type of services. 
Given the above observation, and assuming that the V2V resource pool is separate from other communication using PC5, it is assumed that the destination layer-2 ID for V2X can use the same format as ProSe communications.

Observation 4 If the V2V resource pool is separate from other communication using PC5, the destination L2 IDs for V2X can use the same format as used for other one-to-many ProSe Direct communications.

Therefore, it seems reasonable to assume that similar to ProSe the logical channel used for V2X is identified by source/destination layer-2 ID and LCID to indicate the specific logical channel associated to the source/destination  pair.


Proposal 7 Similar to ProSe, the logical channel used for V2X is identified by source/destination layer-2 ID and LCID.

Regarding the possibility to introduce a new value of the V-field, the assumption is that the V2V pool is dedicated to V2V operations, therefore there seems to be no need to introduce a new V field in the MAC header.

Proposal 8 There is no need a new value of the V-field since dedicated pools will be used for V2V.
3 Conclusion

In section 2 we made the following observations:
Observation 1
V2X communication over PC5 is based on the framework for one-to-many ProSe Direct Communication
Observation 2
SA2 assumption is that both IP and non-IP based V2X message transmissions are supported.
Observation 3
According to SA2, “one-to-many ProSe Direct Communication” is characterized by a set of source and destination layer-2 IDs that are configured by application differently for different type of services.
Observation 4
If the V2V resource pool is separate from other communication using PC5, the destination L2 IDs for V2X can use the same format as used for other one-to-many ProSe Direct communications.


Based on the discussion in section 2 we propose the following:
Proposal 1
No need to specify PC5-D protocol stack for V2X applications.
Proposal 2
No need to specify PC5-S protocol stack for V2X applications.
Proposal 3
The PC5 user plane protocol stack for V2X is designed with the ProSe PC5-U protocol stack as a baseline.
Proposal 4
Introduce a new PDCP SDU type "non-IP" in PDCP header in order to support PC5-based V2X.
Proposal 5
Any discrimination between different application layer formats (i.e. next layer header) using the PDCP SDU type “non-IP” is performed by upper layers (i.e. not by PDCP).
Proposal 6
The RLC layer for PC5-U only supports RLC UM.
Proposal 7
Similar to ProSe, the logical channel used for V2X is identified by source/destination layer-2 ID and LCID.
Proposal 8
There is no need a new value of the V-field since dedicated pools will be used for V2V.
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