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1 Introduction

Regarding public safety discovery and the transport channel to use for UE-to-Network relay, RAN2 pointed out in RAN2 #89bis meeting that if the size of a discovery message can be restricted to 232bits or less then discovery can be used [1]. 
Related to the design of the physical layer channel, RAN1 has made the following agreement in RAN1 #80bis:
	Agreement:

· For partial and outside network coverage discovery, PSDCH transmission is supported when PSDCH resources are (pre)configured.

· Relevant discovery pool parameters are preconfigured for out of coverage operation

· Details FFS

· The transport block size on the PSDCH is 232 bits (excluding 24 CRC bits) both for in and out of coverage operation 

· Note: From RAN1 perspective, this doesn’t preclude a discovery payload above L1 > 232 bits


Therefore according to RAN1 the existing PSDCH physical channel can be reused in Rel-13 in the context of UE-to-Network relay discovery. On the basis of this RAN1 agreement, RAN2 should discuss the most suitable transport channel to support UE-to-Network relay discovery in Rel-13.

In particular, two possible transport protocol candidates are considered: 
· “PC5 Signalling Protocol” transport option (also referred to as PC5-S)

· “PC5-D” transport option
In this paper, we further discuss the above possible alternatives and implications.
2 Discussion
2.1 PC5 Signalling Protocol (PC5-S)

The PC5-S transport option refers to a NAS-like protocol (PC5 Signalling Protocol) and the protocol stack is depicted in figure 1.
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Figure 1: PC5-S protocol stack

PC5-S enables Prose Direct Communication over the SL-SCH channel between two UEs. PC5-S also supports procedures to establish a secure layer-2 link over PC5, to assign IP address as well as to maintain/release layer-2 link over PC5. This PC5-S transport option provides great flexibility due to protocol discriminator in PDCP, addressing support, variable message support (from 40bits to 25kbits), MCS support, and possibly RLC-AM. However, the proposal to implement discovery over PC5-S might have some side effects. For instance, related to resource efficiency, the resources have to be allocated not only for transmitting data but also for transmitting control information during scheduling assignment period. Similarly, related to power efficiency the UE has to stay awake during both the scheduling assignment period and transmitting period. 
Observation 1 The usage of PC5-S for discovery purposes implies impact on resource/power efficiency, but it provides great flexibility especially for large signalling messages.
2.2 PC5 Discovery Protocol (PC5-D)

PC5-D refers to the Rel-12 protocol stack used for direct discovery purposes, as depicted in Figure 2.
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Figure 2: PC5 "Discovery Plane" stack (PC5-D)
PC5-D utilizes transparent MAC, i.e. the payload of SL-DCH is unknown to AS, and has a fixed message size (232 bits). Considering 232-bit size, the usage of PC5-D for discovery implies less resource/power impact compared with PC5-S over communication. Therefore from this perspective the usage of PC5-D seems to be a better alternative than PC5-S for relay discovery purposes. Additionally, the discovery message does not seem to require a very large transport block. Also SA2 indicated that discovery message can fit into 232-bit size as long as the maximum message size excluding security parameter does not exceed 184 bits [2]. 
Observation 2 SA2 has concluded that in Rel-13 the maximum size of the discovery message excluding the security parameter is to not exceed the 232 bits.
However, also current PC5-D as it was designed in Rel-12 has some limitations. First, the PC5-D transport option supports only broadcast transmissions today, while in Rel-13 it might be needed to support unicast mode as well, e.g. relay response message in UE-to-NW relay model B should be a unicast message. Additionally, the PC5-D is not designed to include the layer-2 (MAC) radio layer information to aid the remote UE in selecting the most appropriate relay. 

Observation 3 Existing PC5-D transport option has some limitation when applied to relay discovery framework. 

To this end, SA2 has indicated in TR 23.713 [3] the following content for relay discovery announcement (in Model A), solicitation message (Model B), and response message (Model B) respectively:
	Relay Discovery Announcement (Model A)

	Parameters
	Size (bits)
	Notes

	Message Type
	2
	Indicating type of message and discovery model

Specified in TS 24.334 [4])

	Discovery Type
	2
	Indicates whether this is UE-to-Network Relay Discovery, Group Member Discovery or UE-to-UE Relay Discovery.

Specified in TS 24.334 [4])

	ProSe Relay UE ID
	24
	Link layer identifier associated to the relay

	Announcer Info
	64
	Provides information about the announcing user

	Relay Service Code
	X
	Security and connectivity information to be defined by SA3

	Radio Layer Information
	Y
	To be defined by RAN

	Total
	92+X+Y
	


Table 1: Relay discovery announcement (Model A)
	Relay Discovery Solicitation (Model B)

	Parameters
	Size (bits)
	Notes

	Message Type
	2
	Indicating type of message and discovery model

Specified in TS 24.334 [4])

	Discovery Type
	2
	Indicates whether this is UE-to-Network Relay Discovery, Group Member Discovery or UE-to-UE Relay Discovery.

Specified in TS 24.334 [4])

	ProSe UE ID
	24
	Link layer identifier of the discoverer

	Discoverer Info
	64
	Provides information about the discoverer user

	Relay Service Code
	X
	Security and connectivity information to be defined by SA3

	Total
	92+X
	


Table 2: Relay discovery solicitation (Model B)
	Relay Discovery Response (Model B)

	Parameters
	Size (bits)
	Notes

	Message Type
	2
	Indicating type of message and discovery model

Specified in TS 24.334 [4])

	Discovery Type
	2
	Indicates whether this is UE-to-Network Relay Discovery, Group Member Discovery or UE-to-UE Relay Discovery.

Specified in TS 24.334 [4])

	ProSe Relay UE ID
	24
	Link layer identifier associated with the relay

	Discoveree Info
	64
	Provides information about the discoveree

	Relay Service Code
	X
	Security and connectivity information to be defined by SA3

	Radio Layer Information
	Y
	To be defined by RAN

	Total
	92+X+Y
	


Table 3: Relay discovery response (Model B)
Above tables suggest that radio layer (AS level) and upper layer (NAS level) information can be transported in the PC5-D transport block fitting the 232-bit message size. Although SA3 has not decided yet the exact size of the “Relay Service Code”, RAN should provide input on the size of the “Radio Layer Information” field and how such information is carried into the message. 
From layer-2 perspective, we propose that the MAC PDU in the SL-DCH transport channel carry AS level information similar to what has been designed in Rel-12 for the SL-SCH transport channel. 
Proposal 1 AS level information should be part of the MAC PDU relay discovery message sent over the SL-DCH.
The radio layer information to include in the MAC PDU shall ensure proper operation for UE-to NW relay selection. In our companion paper [5], we indicate some AS information that can be useful to include in the MAC PDU. In particular, as also shown by Qualcomm Inc. in [6], simulation results reveal that a relay selection rule that does not consider the quality of cellular link can be very inefficient at utilizing Uu resources. Furthermore, results in [6] also show that relay selection solely based on Uu link quality is very efficient in terms of Uu resource utilization, while giving reasonable end-end performance. 

Observation 4 A relay selection rule that does not consider the quality of cellular link can be very inefficient in terms of Uu resource utilization.

Therefore the MAC PDU should contain some information related to cellular quality on the Uu. The following parameters should be included in the MAC PDU: 
· ProSe Relay UE ID: The relay layer-2 ID field that carries the identity of the relay. To be reported in the Relay Discovery Announcement (Model A) and in the Relay Discovery Response (Model B). 
· 24bits as the SRC field in SL-SCH
· ProSe UE ID: Link layer identifier of the discoverer. To be reported in the Relay Discovery Solicitation (Model B). 
· 24bits as the SRC field in SL-SCH
· Cellular RSRP: Reported to remote UE via relay. To be reported in the Relay Discovery Announcement (Model A) and in the Relay Discovery Response (Model B).
· 7 bits (integer range 0-97 as specified in TS 36.331)
· Cellular RSRQ: Reported to remote UE via relay. To be reported in the Relay Discovery Announcement (Model A) and in the Relay Discovery Response (Model B).
· 7 bits (as specified in TS 36.331)
· Power difference between PSDCH and PSSCH: This is to derive the communication RSRP/RSRQ from the RSRP/RSRQ of the relay discovery message.
· 6 bits (as the power headroom in TS 36.321) 
Proposal 2 The MAC PDU discovery message in SL-DCH contains ProSe Relay UE ID, ProSe UE ID, cellular RSRP, cellular RSRQ and the power difference between PSDCH and PSSCH
Proposal 3 Radio link layer parameters included in the MAC PDU are used in a standardized UE-to-Network relay selection rule. 
We refer to our companion contribution in [5] for more details on how such radio layer information can be conveniently used for proper UE-to-Network relay selection.
3 Conclusion

In section 2 we made the following observations:
Observation 1
The usage of PC5-S for discovery purposes implies impact on resource/power efficiency, but it provides great flexibility especially for large signalling messages.
Observation 2
SA2 has concluded that in Rel-13 the maximum size of the discovery message excluding the security parameter is to not exceed the 232 bits.
Observation 3
Existing PC5-D transport option has some limitation when applied to relay discovery framework.
Observation 4
A relay selection rule that does not consider the quality of cellular link can be very inefficient in terms of Uu resource utilization.


Based on the discussion in section 2 we propose the following:
Proposal 1
AS level information should be part of the MAC PDU relay discovery message sent over the SL-DCH.
Proposal 2
The MAC PDU discovery message in SL-DCH contains ProSe Relay UE ID, ProSe UE ID, cellular RSRP, cellular RSRQ and the power difference between PSDCH and PSSCH
Proposal 3
Radio link layer parameters included in the MAC PDU are used in a standardized UE-to-Network relay selection rule.
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