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Introduction
In [1][4] we have provided a system level overview of UE-NW relaying and Service Continuity Scenarios, covering CN and RAN aspects. In a companion paper [2], we have discussed the relay discovery procedure that is relevant from RAN1 perspective, focusing on radio measurements, signal content, and relay selection rules. Here in this paper, we focus on the transport channels to be used in the relay discovery procedure. Moreover, we discuss that transmit power along with power headroom reports from the relay UE can be useful for assessing the quality of multi-hop direct communication.
Transport Channels for RAN-Related Signaling
As per the companion papers [1,2] we consider two scenarios: i) Remote UE is in coverage, ii) Remote UE is out-of-coverage.
Out-of-coverage Remote UE
Consider the relay discovery signaling chart in Figure 1 for an out-of-coverage remote UE, where we have shown the relevant radio signals and the transport channels that are used for these signals. This chart is consistent with the signaling chart in [2].  Further detail on the transport channels used for relay discovery signals, including sender/receiver ID, resource pool, and L2 is are given in Table 1.
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Figure 1: Signaling procedure for OoC Relay Discover
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[bookmark: _Ref415068562]Table 1: Summary of transport channel details for OoC Remote UE discovery. L3 content not shown in this table.
	Signals
	Transport Channel
	PC5 L2 Sender ID
	PC5 L2 Destination ID
	Resource Pool
	L2 Content

	Msg-1
	PC5 Relay_Discovery
	Remote UE
	-None if broadcast
-Relay UE if unicast
	Relay_Discovery pool
	None

	Msg-2
	PC5 Relay_Discovery

	Relay UE
	-Remote UE initiated relay discovery: unicast (Remote UE L2 ID)
-Relay initiated relay discovery: broadcast
	Relay_Discovery pool
	-Relay PHR
-Cellular RSRP
-Relay Load
-Relay Reliability Flag
-Relay Tx Power
-Remote UE D2D RSRP (Optional)


	Msg-3
	PC5 Communication

	Remote UE
	Relay UE (unicast)
	PC5 Comm. Pool
	None 

	Msg-4
	Uu
	-
	-
	-
	Remote UE D2D RSRP




According to the figure and the table above, there are three transport channels that are used in carrying relay discovery messages:  i) PC5 Relay Discovery Channel, ii) PC5 Communication Channel, ii) Uu Uplink Channel. PC5 Relay Discovery transport channel introduced here is different from the existing PC5 Discovery channel. Details on PC5 Discovery channel are given in Section 3. 
According to Table 1, some relay discovery signals can contain measurements and reports such as RSRP, relay load information, relay reliability flag, and power headroom report (PHR). These measurements, reports and flags are mainly used for relay selection (multi-hop route establishment), which is discussed in [2]. Here in this paper, we will discuss the motivation for including PHR in the relay discovery messages in Section 3. 
In-coverage Remote UE
Consider the relay discovery signaling charts in Figure 2 for an in-coverage remote UE, where we have shown the relevant radio signals and the transport channels that are used for these signals. This chart is consistent with the signaling chart in [2].  Further detail on the transport channels used for relay discovery signals, including sender/receiver ID, resource pool, and L2 is are given in Table 2.
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Figure 2: Signaling procedure for InC Relay Discovery

[bookmark: _Ref414363694]Table 2: Summary of transport channel details for InC Remote UE discovery. L3 content not shown in this table.
	Signals
	Transport Channel
	PC5 L2 Sender ID
	PC5 L2 Destination ID
	Resource Pool
	L2 Content

	Msg-1
	PC5 Relay_Discovery
	Remote UE
	-None if broadcast
-Relay UE if unicast
	Relay_Discovery pool
	None

	Msg-2
	Uu

	-
	-

	-
	-Remote UE D2D
-Relay UE PHR
-Remote UE L2 ID
-Relay UE L2 UD

	Msg-3
	PC5 Relay_Discovery

	Relay UE
	-Remote UE initiated relay discovery: unicast (Remote UE L2 ID)
-Relay initiated relay discovery: broadcast
	Relay_Discovery pool
	-Relay PHR
-Cellular RSRP
-Relay Load
-Relay Reliability Flag
-Relay Tx Power
-Remote UE D2D RSRP (Optional)


	Msg-4
	Uu

	--
	--
	--
	-Remote UE PHR
-Remote UE Tx Power
-Relay UE D2D RSRP
-Relay UE PHR
-Remote UE L2 ID(s)
-Relay L2 ID





We note that PC5 Relay Discovery Channel and the associated resource pool is same for both in-coverage and out-coverage remote UEs.

PC5 Relay Discovery Channel
The prposed PC5 Relay Discovery channel is different from PC5 Discovery channel and PC5 Communication channel. The main motivation for introducing a new channel is discussed below.
The relay discovery messages include radio measurement and status related reports that are required in the relay selection procedure. 
· A first option would be to reuse the existing R12 discovery transport channel and carry the measurements at L3. However, it is highly undesirable and against any layer separation principle to carry such radio-related information in the L3 payload. 
· A second option would be to carry the measurements as L1 control information. However, the specification effort would be too large for the available standardization time and advantages quite unclear.
· A third, preferred, option is to carry the measurements as part of L2 control information, similarly to cellular LTE.
Proposal:
· Radio-related measurements are carried as part of L2 control information.
· Carrying radio-related information at L3 is highly undesirable.

A further choice regards the transport and physical channels to be used for carrying the measurements. Also in this case we have three options:
· Option 1: reuse the R12 discovery channel. This is infeasible because the R12 discovery channel does not carry a L2 header.
· Option 2: reuse the R12 communication channel. This is a feasible option, however not preferred from a transmission overhead and energy efficiency perspective, especially for periodic signaling.
· Option 3: define a new “Relay discovery” transport channel with associated physical channel. This is our preference and it will be described in the following.
The proposed PC5 Relay Discovery channel has the same structure as the existing PC5 Discovery channel with the following differences: i) a different dedicated resource pool, to allow more control on interference, ii) different TB size, due to different message content , iii) different scrambling sequence , in order to reduce ambiguity with the existing discovery signals, iv) inclusion of L2 headers carrying measurements for relay discovery.
According to Table 1 and Table 2, the Relay Discovery channel is sometimes transmitted as a unicast and sometimes as a broadcast transmission. From a L1 perspective there is no difference since no UE specific address or information is carried at L1. At MAC level, unicast and broadcast transmissions may be differentiated by the ProSe L2 IDs carried in the MAC header. The set of headers and padding at L2 must be set in such a way that a single common TB size is used at L1. This is because there is no scheduling information for the Relay discovery channel.
We propose that the Relay Discovery channel is transmitted in a dedicated resource pool. This is to comply with the specific latency and reliability requirements for relay discovery. Such requirements are in general quite different from R12 discovery requirements. We however do not preclude that the Relay discovery messages can be transmitted on R12 discovery pools. 
Finally, we suggest the use of a specific scrambling sequence on the Relay discovery channel to allow for better interference randomization between R12 discovery and relay discovery.

Proposals: 
· Introduce a new physical channel for relay discovery (PC5 Relay Discovery Channel) in order to carry L2 measurement reports
· The Relay Discovery physical channel is identical to PSDCH except for:
· [bookmark: _GoBack]Potentially different (fixed) TB size
· Resource Pool
· Scrambling
Conclusion
In the following, we highlight our key observations and proposals related to physicals channel for relay discovery. 
Observations: 
· The relay discovery signals carry radio measurement and status related reports such as to be used in the relay selection, as discussed in Section 2.1 and Section. 2.2.
· It is undesirable to carry these reports at L3 and as L1 control information due to the reasons explained in Section 2.3
· It is inappropriate to use R12 discovery channel and R12 communication channel for sending relay discovery signals, due to the reasons explained in Section 2.3.
Proposals: 
· The measurement and status related reports can be sent as part of L2 control information.
· Introduce a new physical channel for relay discovery in order to carry measurement and status related reports.
· The new channel (PC5 Relay Discover Channel) is identical to PSDCH except for:
· Potentially different (fixed) TB size
· Resource Pool
· Scrambling
· Inclusion of L2 headers.
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