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1 Introduction
During RAN2#95 it was agreed that:
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Assuming a bidirectional relay, supporting relaying of both the control plane and user plane of the Remote UE, this contribution further considers control plane aspects.
2 Discussion
The figure below illustrates a Remote UE which control plane (green dashed lines) and user plane (green solid lines) are both being routed via a Relay UE, using Evolved ProSe UE-to-Network Relay.
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Figure 1: Typical Evolved ProSe UE-to-Network Relaying scenario

The Evolved ProSe UE-to-Network Relay is defined in the WID as being a layer 2 relay. This implies: 
Observation 1 Relaying of the data takes place in the Access Stratum, and typically transparent from NAS layers and the EPC.

2.1 Control plane for the Remote UE

If we consider the example in the Figure 1 above, since the relaying takes place in the Access Stratum the Remote UE would from EPC point of view both a user plane and control plane established. In other words:

Proposal 1 The Remote UE has EPS bearers configured, as well as established E-RABs for at least those bearers for which the user data is being relayed.

Proposal 2 The Remote UE has a NAS signalling connection (i.e. is in ECM_CONNECTED state).
The MME and SGW for the Remote UE expects E-UTRAN to provide the functions as defined over the S1-MME and S1-U reference points. Therefore:
Observation 2 To terminate the S1 control plane and user plane for the Remote UE in E-UTRAN, there is a need for a Remote UE context in an eNB, which then will take the role as the serving eNB for the Remote UE.

One of the functions provided by E-UTRAN over S1-MME is the transport of NAS messages, and this would also apply for the Remote UE being in ECM_CONNECTED:
Observation 3 A mechanism is needed to transfer NAS messages between the Remote UE and its serving MME.

To support this function, and many other functions as defined in S1AP, such as E-RAB management, there is a need for a control plane to the Remote UE, also within Access Stratum, and this control plane should be possible to be routed via the Relay UE.
Observation 4 A control plane is needed between the the Remote UE and its serving eNB.

Observation 5 This control plane should be possible to be routed via the Relay UE.

The current access stratum control plane protocol between E-UTRAN and UE is the RRC protocol, and there is little reason to define a separate protocol for a Remote UE.
We propose therefore:

Proposal 3 As the control plane between the the Remote UE and its serving eNB, the RRC protocol is used.

The impact on the existing RRC procedures when applied for a Remote UE and the need for any new RRC procedures should be studied by RAN2. If the Remote UE is ECM_CONNECTED and has an S1 signalling connection established, it also implies that the Remote UE is in RRC_CONNECTED. Thus, we propose:

Proposal 4 The Remote UE is in RRC_CONNECTED when at least one of its bearers are being relayed.

2.2 Control plane for the Relay UE

The Relay UE needs to have radio bearers established over Uu, to support relaying of control plane and user plane data for Remote UE(s). Thus, the Relay UE is in RRC_CONNECTED.

Observation 6 The Relay UE need be in RRC_CONNECTED to relay data for a Remote UE.

Assuming the Relay UE is in RRC_CONNECTED, we need RRC procedures to configure the relaying functions in the Relay UE. For example, to configure the mapping of the user plane of the Remote UE on the user plane of the Relay UE, including the mapping of user plane data of the Remote UE between the two involved interfaces. The impact on the existing RRC procedures and the need for any new RRC procedures should be studied by RAN2. 
2.3 Relaying of RRC signalling

2.3.1 Relaying of dedicated RRC signalling
The RRC signalling on SRB1 and SRB2 use PDCP ciphering and integrity protection specific for the Remote UE. Therefore we think that, for RRC relay, the PDCP layer of SRB1 and SRB2 for the Remote UE should be relayed via the Relay UE. 
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Figure 2: Layer 2 relay of RRC and NAS signalling

In Figure 2 we illustrate a protocol architecture for relaying of the PDCP layer of the Remote UE, carrying Remote UE RRC signalling, using the proposed mechanism for the relaying of the user plane, discussed in [3]. We propose:
Proposal 5 Relaying of RRC is performed by relaying the PDCP layer of the Remote UE.

In addition, for the relaing of the control plane, the following need to be taken into account:
-
Support of signalling radio bearers: For the RRC signalling, there are currently three signalling radio bearers (SRB0, SRB1 and SRB2) with different usage and characteristics. As starting point we need to support relaying of all these three SRBs.

-
Priority: As default, the RRC signalling should have higher priority than user data, and SRB1 as default has higher priority than SRB2. This should also apply when SRB1 and SRB2 of a Remote UE are relayed. 
We can then make the following observation:
Observation 7 The mechanism for relaying of RRC signalling needs, on each relevant interface, to support a service corresponding to the signalling radio bearers (SRB0, SRB1 and SRB2), as well as prioritization between them as well as relative the user data.

As identified in Observation 3, there is a need to support the transfer of NAS information between the Remote UE and its serving MME. Currently is provided by the RRC layer. Assuming the Remote UE has an RRC connection via the Relay UE and that there is a mechanism to support SRB1 and SRB2 via relay, we can reuse the same mechanism also here. 

Proposal 6 The existing mechanism to transfer NAS information between UE and EPC can be used also for a Remote UE connected via the Evolved UE-to-Network Relay, given that there exists a mechanism to relay RRC.

2.3.2 Relaying of common RRC signalling
2.3.2.1 System information

According to the RRC specification, also a UE in RRC_CONNECTED needs to aqcuire relevant system information. This would also apply for a Remote UE. 

We can identify at least three different ways how to convey this system information to the Remote UE:

1. The Remote UE is required to monitor BCCH. This alternative does not work outside coverage.

2. The SIBs are first aqcuired by the Relay UE on BCCH. The Relay UE then forwards the SIBs to the Remote UE(s) using some mechanism (e.g. broadcast). 

3. System information is sent from the serving eNB to the Remote UE by dedicated, relayed, RRC signaling over the relayed SRB1, transparently for the Relay UE.
We think that all three methods have both advantages and disadvantages. We also think that a combination of e.g. two of these alternatives may be possible, depending on the type of system information. We propose

Proposal 7 RAN2 needs to study how to convey common and UE specific system information to a Remote UE.

2.3.2.2 Paging

Paging is triggered by the MME for a UE in ECM_IDLE. 
For a Remote UE in ECM_CONNECTED, there is no need to use paging, since downlink data and NAS signalling can be sent to the serving eNB of the Remote UE, which forwards it via the Relay UE to the Remote UE. We proposed above that the Remote UE should be in ECM_CONNECTED / RRC_CONNECTED. Thus we observe:
Observation 8 Paging does not apply for a Remote UE assuming it is in ECM_CONNECTED / RRC_CONNECTED.
2.4 Control plane on the “relay link” (“IF3”)

The Evolved ProSe UE-to-Network Relay is defined as a generic layer 2 relay, supporting 3GPP (LTE sidelink) and non-3GPP (e.g. WLAN, Bluetooth) technologies on the relay link between the Remote UE and the Relay UE. 
Especially when applying The Evolved ProSe UE-to-Network Relay on non-3GPP relay link technologies a key issue is how to ensure that a consistent configuration of the both the UEs, e.g. how a LTE-Uu user plane entity (e.g. a radio bearer) of the Remote UE is bound to a user plane entity on the relay link.

When the LTE sidelink is used on the relay link, the RRC protocol might be used to configure how the Remote UE and the Relay UE maps a radio bearer of the Remote UE onto e.g. an LTE sidelink logical channel and/or layer 2 destination/source addresses). One the other hand, there is already a control plane protocol defined for LTE sidelink, known as the PC5 Signalling Protocol.

To support non-3GPP technologies on the “relay link”, these technologies also typically uses “control plane protocols”, specified outside 3GPP for e.g. management of the layer 2 link used between the Remote UE and Relay UE. 
As conclusion from this discussion, we make the following observations:

Observation 9 A key issue is how to configure the relaying function consistently in the Remote UE and the Relay UE with repect to the relay link. For example, how a LTE-Uu user plane entity (e.g. a radio bearer) of the Remote UE is bound to a user plane entity on the relay link.
Observation 10 There typically exists technology-specific “control plane protocol(s)” to use between the peers of the “relay link”, such as the PC5 Signalling Protocol for LTE sidelink.
We think that while the RRC protocol may be used to configure the Remote UE and the Relay UE also with respect to the relay link, at least in case of LTE sidelink, in order to support also non-3GPP technologies, this configuration also includes non-3GPP information, and how this non-3GPP information is bound to RRC information. For example, how a radio bearer of the Remote UE is mapped onto a non-3GPP user plane entity (such as an information element value used in an adaptation layer). 
One possibility is to use RRC to carry this non-3GPP information, in a similar way as we do for e.g. NAS signalling, i.e. with containers specified as bit strings and an enum value to indicate how to intepret the contents of this bit string. We make the following observation:
Observation 11 The RRC protocol may be used to carry information needed to configure relaying functions in the Remote UE and Relay UE from the eNB, also when the relay link uses a non-3GPP technology, in that case as information transparent for RRC.

2.5 Control Plane Procedures
In order to identify impact on existing control plane protocols (such as RRC), the following is an initial list of use cases:
-
Relay discovery including relay selection

-
Activation of relaying

-
Remote UE in RRC_CONNECTED

-
Intra-eNB case (Remote UE and Relay UE both have the same serving eNB)

-
Inter-eNB case (Remote UE and Relay UE have initially different serving eNBs)

-
Remote UE in RRC_IDLE / out of coverage

-
Reconfiguration during relaying

-
Mobility, e.g.

-
Handover of relay UE

-
Relay reselection (remote UE connectes to a different relay)

-
Setup, reconfiguration and release of relayed bearers

-
Deactivation of relaying

-
Remote UE in coverage,
-
remains in RRC_CONNECTED

-
enters RRC_IDLE

-
Remote UE out of coverage
We propose
Proposal 8 RAN2 should study the impact on RRC to support the control plane use cases relevant for evolved ProSe UW-to-Network Relay.
Proposal 9 RAN2 to capture the text in section 2 in the TR.

3 Conclusion

In section 2 we made the following observations:
Observation 1
Relaying of the data takes place in the Access Stratum, and typically transparent from NAS layers and the EPC.
Observation 2
To terminate the S1 control plane and user plane for the Remote UE in E-UTRAN, there is a need for a Remote UE context in an eNB, which then will take the role as the serving eNB for the Remote UE.
Observation 3
A mechanism is needed to transfer NAS messages between the Remote UE and its serving MME.
Observation 4
A control plane is needed between the the Remote UE and its serving eNB.
Observation 5
This control plane should be possible to be routed via the Relay UE.
Observation 6
The Relay UE need be in RRC_CONNECTED to relay data for a Remote UE.
Observation 7
The mechanism for relaying of RRC signalling needs, on each relevant interface, to support a service corresponding to the signalling radio bearers (SRB0, SRB1 and SRB2), as well as prioritization between them as well as relative the user data.
Observation 8
Paging does not apply for a Remote UE assuming it is in ECM_CONNECTED / RRC_CONNECTED.
Observation 9
A key issue is how to configure the relaying function consistently in the Remote UE and the Relay UE with repect to the relay link. For example, how a LTE-Uu user plane entity (e.g. a radio bearer) of the Remote UE is bound to a user plane entity on the relay link.
Observation 10
There typically exists technology-specific “control plane protocol(s)” to use between the peers of the “relay link”, such as the PC5 Signalling Protocol for LTE sidelink.
Observation 11
The RRC protocol may be used to carry information needed to configure relaying functions in the Remote UE and Relay UE from the eNB, also when the relay link uses a non-3GPP technology, in that case as information transparent for RRC.


Based on the discussion in section 2 we propose the following:
Proposal 1
The Remote UE has EPS bearers configured, as well as established E-RABs for at least those bearers for which the user data is being relayed.
Proposal 2
The Remote UE has a NAS signalling connection (i.e. is in ECM_CONNECTED state).
Proposal 3
As the control plane between the the Remote UE and its serving eNB, the RRC protocol is used.
Proposal 4
The Remote UE is in RRC_CONNECTED when at least one of its bearers are being relayed.
Proposal 5
Relaying of RRC is performed by relaying the PDCP layer of the Remote UE.
Proposal 6
The existing mechanism to transfer NAS information between UE and EPC can be used also for a Remote UE connected via the Evolved UE-to-Network Relay, given that there exists a mechanism to relay RRC.
Proposal 7
RAN2 needs to study how to convey common and UE specific system information to a Remote UE.
Proposal 8
RAN2 should study the impact on RRC to support the control plane use cases relevant for evolved ProSe UW-to-Network Relay.
Proposal 9
RAN2 to capture the text in section 2 in the TR.
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=>	RAN2 will initially focus on bidirectional relay design, but should consider impact of the design in unidirectional


=>	RAN2 should study relay design support for both CP and UP.
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