3GPP TSG RAN WG1 Meeting #80bis
                                












R1-151767
Belgrade, Serbia, April 20-24, 2015
Source: 
Ericsson

Title:
Measurements, Signaling, and Selection Rules for Relay Discovery 
Agenda Item:
7.2.3.2.1
Document for:
Discussion and Decision

1 Introduction

In [1] we have provided a system level overview of UE-NW relaying and Service Continuity Scenarios, covering SA and RAN aspects. Here, in this paper we focus on the L1 aspects related to the relay disovery procedure. In particular, the paper describes the relay discovery procedure, the contents of the discovery of messages, relevant radio measurements, and the relay selection principle, all from RAN1 perspective. 
2 Ovierview of Relay Discovery Procedure 
The relay discovery procedures for an out-of-coverage UE and an in-coverage UE are provided in [1]. For the sake of reference, we have reproduced the signalling charts from [1,2] that describe the overall relay discovery procedure covering RAN and SA parts. In the following, we will only provide an overview of the relay discovery procedures from L1 perspective. 
2.1 Discovery Procedure for Out-of-coverage Remote UE:

Consider the signalling chart in Fig. 1, which shows the signals exchanged between the three nodes (Out-of-coverage Remote UE, Relay UE, eNB) and the measurements performed at each terminal based on the received signals. In the signalling chart, the optional signals are represented by dotted arrows whereas the compulsory signals are denoted with bold arrows. 
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Figure 1: Signalling Chart for Ooc Relay Discovery
According to Fig. 1, the discovery procedure works as follows:

1-  Optionally, the remote UE initiates the discovery procedure by broadcasting a relay selection request. 

2-  Optionally, all the relays that receive the relay selection request, can perform measuerements on radio the signals received from the remote UE and reply back to the remote UE by sending unicast messages.  Exactly what measurements are performed is discussed in Section 3.
3-  The relay UE periodically broadcasts its availability in order to provide service to the remote UE. The remote UE can perform measurements on the received signal and selects a relay based on a NW-configurable rule. The relay selection rule is discussed in Section 5. 

4- The remote UE then informs the relay UE about its selection and the relay UE can perform measurements on this radio signal.

5- The selected relay signals eNB regarding its selection and relevant measurement reports.
2.2 Discovery Procedure for In-coverage Remote UE:

Consider the signalling chart in Fig. 2, which shows the signals exchanged between three terminals (In-coverage remote UE, Relay UE, eNB) and indicate the measurements performed at each terminal based on the received signals. In the signalling chart, the optional signals are represented by dotted arrows whereas the compulsory signals are denoted with bold arrows.
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Figure 2: Signalling Chart for InC Relay Discovery
According to Fig. 2, the discovery procedure works as follows:

1-  Optionally, the remote UE initiates the discovery procedure by broadcasting a relay selection request. 

2- Optionally, all the relays that receive the relay selection request can perform measuerements on radio the signals received from the remote UE and reply back to the remote UE by sending unicast messages.  Exactly what measurements are performed is discussed in Section 3.
3- Optionally, the relay UE can also provide measurement report to eNB.

4- The relay UE periodically broadcasts its availability in order to provide service to the remote UE. The remote UE can perform measurements on the received signal. 
5- The remote UE provides a measurement report to eNB, based on which eNB selects a relay UE.
3 Radio Measurements

The terminals (remote UE, relay UE) can measure cellular and D2D RSRP and RSRQ on radio signals that they receive. These measurements can be used in relay selection/reselction, link adaptation, and determine what service can be supported over a given multipath route via the relay UE. We note that PSBCH-based RSRP defined in Rel-12 is not a suitable RSRP definition for relay-proximity measurement, therefore a new RSRP/RSRQ definition based on UE-specific signals is needed.
In Fig. 1 and Fig.2, we have shown all occasions where such measurements can be performed. In Fig. 1, there are four possible measurement occasions and in Fig.2, there are three possible measurement occasions. In the table below, we list what is measured in these occasions.
Table 1: Measurements summary.
	Measurement Occasion ( cf. Figure 1, Figure 2)
	Measurements that are performed

	1
	Remote UE D2D RSRP



	2


	Relay UE D2D RSRP

Relay UE D2D RSRQ 

	3
	Remote UE D2D RSRP

Remote UE D2D RSRQ


Proposal: 

· Radio related measurements such as RSRP/RSRQ can be performed over the relay-discovery channel
· New D2D RSRP/RSRQ definitions need to be discussed in RAN1 and RAN4.

4 Radio-Related Content of Relay Discovery Messages

In this section, we describe what information is being carried in the signals/messages that are used for discoverying the relay UE, according to Fig.1 and Fig. 2. We also briefly discuss how the information carried in these messages can be useful.  
4.1 Relay Discovery Messages for Out-of-coverage remote UE

The contents of the relay discovery messages are given in Table 2 below, in accordance with Fig. 1 and Table 1.

Table 2: Summary of RAN signalling content for OoC remote UE relay discovery (L3 content not shown here).
	Messages
	L2 Content
	Purpose

	1
	None
	None

	2
	Relay UE Tx Power

Relay UE PHR

Celluar RSRP

Relay Load

Relay Reliability Flag

Remote UE D2D RSRP (Optional)


	Relay UE Tx Power: The power used by the relay UE for the transmission of relay discovery signal. This information is useful in estimation of path-loss as discussed in Section 5.

Relay UE PHR: Power headroom is used by the receiver to estimate supported services on PSSCH.

Cellular RSRP: useful for the remote UE to rank relays based on their cellular coverage.

Relay Load: This can be an average number of resource elements being used by the relay for cellular and as well D2D communication, where the average is taken across time. It can be used for relays ranking.
Relay Reliability Flag: This flag indicates if the relay is reliable to enough provide the service, for instance considering state of battery charge, mobility, ongoing reconfigurations, etc.

D2D RSRP for Remote UE: Indicates to what extent a relay UE is in the proximity/coverage of the remote UE. This measurement is based on the optional signal, where the relay discovery procedure is initiated by the remote UE.



	3
	None
	This signal is transmitted for the purpose of relay connection setup and does not contain any RAN relevant message/information. 

	4
	Remote UE D2D RSRP


	Remote UE RSRP: This can indicate the quality of the D2D link to eNB and hence, eNB can make use of this information while giving resources to the link between eNB and relay UE. 


4.2 Relay Discovery Messages for In-coverage remote UE

The contents of the relay discovery messages are given in Table 3 below, in accordance with Fig. 2 and Table 1.

Table 3: Summary of signalling content for InC remote UE relay discovery (L3 content not shown here).

	Messages
	L2 Content
	Explanation

	1
	None
	None

	2
	Remote UE D2D RSRP (Optional)

Relay UE PHR (Optional)

IDs [FFS RAN2]
	Remote UE RSRP: This tells eNB that to what extent a relay UE is in the proximity/coverage of the remote UE. This measurement is based on the optional signal, where the relay discovery procedure is initiated by the remote UE.

	3


	Relay UE Tx Power

Relay UE PHR

Celluar RSRP

Relay Load

Relay Reliability Flag

Remote UE D2D RSRP (Optional)


	Relay UE Tx Power: The power used by the relay UE for the transmission of relay discovery signal. This information is useful in estimation of path-loss as discussed in Section 5.

Remote UE RSRP: This tells eNB that to what extent a relay UE is in the proximity/coverage of the remote UE. This measurement is based on the optional signal, where the relay discovery procedure is initiated by the remote UE.

Relay UE PHR: Power headroom is used by the receiver to estimate supported services on PSSCH.

Cellular RSRP: useful for the remote UE to rank relays based on their cellular coverage.

Relay Load: This can be an average number of resource elements being used by the relay for cellular and as well D2D communication, where the average is taken across time. It can be used for relays ranking.

Relay Reliability Flag: This flag indicates if the relay is reliable to enough provide the service, for instance considering state of battery charge, mobility, ongoing reconfigurations, etc.

D2D RSRP for Remote UE: Indicates to what extent a relay UE is in the proximity/coverage of the remote UE. This measurement is based on the optional signal, where the relay discovery procedure is initiated by the remote UE.



	4
	Remote UE PHR

Relay UE D2D RSRP

Relay UE PHR

IDs [FFS RAN2]
	Remote UE PHR: This tells eNB that how much transmission power left for a remote UE to use in addition to the power being used by the current transmission.

Relay UE PHR: This tells eNB that how much transmission power left for a relay UE to use in addition to the power being used by the current transmission. This message would be redundant if the optional message-2 is sent.

Remote UE D2D RSRP: This tells eNB to what extent the relay is in coverage of the remote UE.




Proposal: 
· The relay discovery protocol and the content of the relay-discovery related messages are different for the cases where the remote UE is InC and OoC

· Proposals for the signalling contents are provided in Table 2 and Table 3 for respectively OoC and InC remote UEs.
5 Power-related Reporting and Supported Services

According to Table 2 and Table 3, the relay UE provides PHR and its transmit power to the remote UE. In the follwing, we discuss how these reports can be utilized by the remote UE. 
The remote UE can use the knowledge of the relay UE Tx Power along with RSRP measurement on the relay discovery signal received from the relay UE to estimate the associated path-loss. This path-loss information and PHR can be useful in the following ways:

1- The estimated path-loss values from the potential relays can be used in choosing the best relay according to a networked configured relay selection rule [2].

2- If in addition, we assume that the devices are using the same power control algorithm for both relay discovery signals and communication signals, then one can predict the transmission power of D2D communication for a given bandwidth using the PHR, the estimated path-loss, and the bandwidth of the discovery signal.

3- Relay PHR can also be used directly in the relay selection rule, as it provides additional information on reliability of the relay. One can also use PHR in determining how much bandwidth can be used for communication signals, thereby indicating what services can be supported. 

Radio requirements for a specific service (transmission rate, latency, reliability) are known in advance and can be compared to the expected performance over a certain direct link. Information about supported services can be included in the relay selection rule and reporting.
Proposal s:

· The relay UE can report its transmit power and PHR to remote UE for enabling estimation of the supported link quality and services.

· Supported services on the direct link can be reported to higher layers or signalled to the eNB.
6 Relay Selection Rule by OoC Remote UE
The above mentioned measurements and reports can be used in selection and reselection of relays, and also slow link adaptation.

The relay selection rule is configured by the network and can be updated whenever the remote UE is in coverage. Similarly to cell selection procedures, a relay UE is considered as a candidate for connection if it fulfils both the following criteria:

· Relay UE D2D RSRP above a first threshold,

· Relay UE D2D RSRQ above a second threshold.

Among candidate relay UEs, the remote UE performs relay selection based on ranking. The ranking rule is also function of the following reported measurements:
· Reported Cellular RSRP
· Relay UE RSRP  
· [Optional] UE RSRP and UE RSRQ measurement reports on the optional signal that is received by the relays from the remote UE and reported in optional message-2, in the case when the remote UE initiates the relay discovery procedure.  
· Average load at the relay
· Relay UE PHR
· Relay reliability flag 
In addition to the relay selection, the remote UE may perform UE reselection when certain FFS reselection trigger conditions are met.

Proposal: 
· For OoC remote UEs, the Relay UE is (re)selected by the remote UE under rules that are configured by the network

· Relay selection and reselection rules are radio-aware. 
7 Conclusion

In this paper we analyse how to perform measurements related to relay discovery for D2D. We suggest the following:

· Radio related measurements such as RSRP/RSRQ can be performed over the relay-discovery channel

· New D2D RSRP/RSRQ definitions need to be discussed in RAN1 and RAN4.

· The relay discovery protocol and the content of the relay-discovery related messages are different for the cases where the remote UE is InC and OoC

· Proposals for the signalling contents are provided in Table 2 and Table 3 for respectively OoC and InC remote UEs.
· The relay UE can report its transmit power and PHR to remote UE for enabling estimation of the supported link quality and services.

· Supported services on the direct link can be reported to higher layers or signalled to the eNB.

· For OoC remote UEs, the Relay UE is (re)selected by the remote UE under rules that are configured by the network

· Relay selection and reselection rules are radio-aware. 
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Figure 5. Detailed RAN signaling for new connection establishment to an OoC remote UE: the UE initiates the connection.
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Figure 6. Detailed RAN signaling for switching of an existing PDN connection to a relay: the eNB initiates the switch.
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