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1 Introduction

The WID [1] for FeD2D includes the following objective:

	1. Study and evaluate a generic Layer 2 evolved UE-to-Network Relay architecture, including methods for the network to identify, address, and reach a evolved Remote UE via an evolved ProSe UE-to-Network Relay UE. [RAN2]

a. Study the possibility of  a common solution supporting the following use cases:[RAN2]

i. UE to network relaying over non-3GPP access (Bluetooth/WiFi). 

ii. UE to network relaying over LTE sidelink. 

iii. Unidirectional and bidirectional UE to network relay.
b. Investigate potential impacts to protocol stack, procedure and signalling mechanisms, such as authorization, connection setup, UE mobility, parameter configuration and security, allowing multiple evolved Remote UEs via an evolved ProSe UE-to-Network Relay UE.[RAN2] 

c. Study path selection/switch between the cellular link (Uu air interface) and relay link and provide service continuity and QoS [RAN2, RAN3]. 


At the previous RAN2 meeting, we presented [2] a number of alternative relaying scenarios and solutions. The present contribution focuses on layer 2 relaying solutions, including architecture, and protocol aspects.

2 Discussion
For Layer 2 evolved UE-to-Network Relay, the following figure is an attempt to illustrate a reference architecture.
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Figure 1: Reference architecture for Layer 2 evolved UE-to-Network Relay
Assumptions:

1.
The Evolved ProSe UE-to-Network Relay (“Relay UE”) is inside coverage.

2.
The Evolved ProSe Remote UE (“Remote UE”) may be inside coverage, in coverage extension or outside coverage.

3.
Both the Evolved ProSe Remote UE and the Evolved ProSe UE-to-Network Relay have the same serving PLMN.

4.
As stated in the WID, a given Evolved ProSe UE-to-Network Relay can be used simultaneously as relay by multiple Evolved ProSe Remote UEs. Any specification limit for the number of Evolved ProSe Remote UEs simultaneously connected to an Evolved ProSe UE-to-Network Relay is FFS.

5.
The Evolved ProSe Remote UE may keep the RRC connection to E-UTRAN as long as in coverage, while simultaneously being connected via an Evolved ProSe UE-to-Network Relay. When the Evolved ProSe Remote UE is outside coverage, but is connected to E-UTRAN via an Evolved ProSe UE-to-Network Relay, we assume that it also has a context in E-UTRAN. How this context relates to e.g. the RRC connection is FFS.
6.
Therefore, for IF2, we have two main cases:

a.
IF2a: The LTE-Uu reference point, for the connection directly with E-UTRAN (here NB-IoT or eMTC variants of LTE-Uu is also possible)
b.
IF2b: A reference point used for any control or user plane information exchanged between the Evolved ProSe Remote UE and E-UTRAN via the Evolved ProSe UE-to-Network Relay (and typically transparent for the Evolved ProSe UE-to-Network Relay).
7.
As stated as part of the objectives in the WID [1], the relaying interface IF3 is either (evolved) LTE sidelink or a non-3GPP technology such as WiFi or Bluetooth.

Proposal 1 RAN2 should define a reference architecture for Layer 2 evolved UE-to-Network Relay.
Since the Evolved ProSe Remote UE and the Evolved ProSe UE-to-Network Relay are in proximity, they may in many cases have the same serving eNB. However, a relaying solution should not prevent that they are served by different eNBs. For example, the Evolved ProSe UE-to-Network Relay and Evolved ProSe Remote UE should not assume whether or not they are served by the same eNBs. Moreover, as today, which cells that are controlled by which eNBs is not visible over the LTE-Uu radio interface. This is a principle we think should remain.  We therefore propose:

Proposal 2 The radio protocols to support Layer 2 evolved UE-to-Network Relay should not prevent that Evolved ProSe Remote UE and Evolved ProSe UE-to-Network Relay are served by different eNBs.

This means also that the Evolved ProSe Remote UE and Evolved ProSe UE-to-Network Relay will be prepared for it, but whether and how to introduce the E-UTRAN support (e.g. over X2) to handle the different eNB case needs to be considered together with RAN3.

The WID mentions “a generic Layer 2 evolved UE-to-Network Relay architecture” and “a common solution” supporting the supported use cases, including non-3GPP and unidirectional/bidirectional. At the last meeting, we identified layer 3 and over-the-top (OTT) relaying solutions [2], which by nature fit well to support both 3GPP and well as non-3GPP accesses. 

Observation 1 A layer 3 and/or OTT relaying solution can support both 3GPP and well as non-3GPP accesses.
On the other hand, a layer 2 relay has the benefits of tighter control of the Evolved ProSe Remote UE, promising QoS and security procedures. A layer 2 relay is performed by E-UTRAN/Evolved ProSe UE-to-Network Relay/Evolved ProSe Remote UE, typically transparently from the EPC user plane. 

2.1 User plane solutions for layer 2 relaying

In [2], we presented a number of alternative relaying alternatives, such as Layer 2 relaying and Layer 3 relaying. If we here limit ourselves to layer 2 relay, we can characterize the relaying solution with (1) on which protocol layer the relaying is performed (e.g. PDCP) and (2) whether the relaying is bidirectional or unidirectional.

Moreover, for the protocol architecture, we distinguish between point-to-point protocols used on an interface (such as over IF1, IF2a and IF3), and protocols passed transparently by an Evolved ProSe UE-to-Network Relay (such as over IF2b).
The figure below illustrates an attempt for a user plane reference protocol architecture. The IF3 Relay and IF1 Relay layers provide any point-to-point relaying functionality over IF3 and IF1, respectively, and the IF2 Relay layer provides any end-to-end functionality over IF2b.

The IF3 and IF1 Relay layers are here assumed to lie on top of the layer 2 stacks of IF1 and IF3. IF1 Relay layer and IF3 relay layer may be the same or different from each other.
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Figure 2: User plane reference protocol architecture for Layer 2 evolved UE-to-Network Relay
Note that this reference protocol architecture is proposed only in order to define the needed functions. Once these functions are identified, it might be possible to include them in any existing protocol layers, such as PDCP. We propose:

Proposal 3 RAN2 should define a user plane reference protocol architecture for Layer 2 evolved UE-to-Network Relay

Proposal 4 RAN2 should identify the functions of each protocol layer in the user plane reference protocol architecture for Layer 2 evolved UE-to-Network Relay

In the sections below we try to identify the services and functions for each protocol layer (IF1 Relay, IF2 Relay and IF3 Relay, respectively).

2.1.1 Services and functions of the IF1 Relay layer

The IF1 Relay layer provides a data transfer service of relayed user data between the Evolved ProSe UE-to-Network Relay and the Serving eNB of the Evolved ProSe UE-to-Network Relay, to upper layers.
The IF1 Relay layer needs to support at least the following functions:

-
Mapping/multiplexing of upper layer PDUs on IF1 lower layers (PDCP). For example, a “bearer ID” may be included as part of an IF1 Relay layer header.

2.1.2 Services and functions of the IF2 Relay layer

The IF2 Relay layer provides a user data transfer service between the Evolved ProSe Remote UE and the Serving eNB of the Evolved ProSe Remote UE to upper layers. 
The IF2 Relay layer needs to support the following functions:

-
Ciphering and integrity protection to ensure confidentiality and data integrity (if not provided by the upper layers). When connected via an Evolved ProSe UE-to-Network Relay, we need to prevent e.g. eavesdropping and data modification in the Evolved ProSe UE-to-Network Relay of the relayed data.

-
TCP/IP header compression (if not provided by the upper layers). If the user data of the Evolved ProSe Remote UE is encrypted, any TCP/IP header compression functions performed by e.g. the Evolved ProSe UE-to-Network Relay will not see the TCP/IP headers since those are also encrypted. This means that the user data needs to pass TCP/IP header compression before the encryption and thus this needs to be performed either by the IF2 Relay layer or in a layer above.

-
Functions to ensure service continuity (such as preventing data loss when switching data path), if needed and if not provided by upper layers 

-
Support of splitting data for unidirectional relay (if needed)

As most of these functions are already included in the PDCP layer for uplink and downlink, we can make the following observation:

Observation 2 The IF2 Relay layer may be based on the PDCP layer

2.1.3 Services and functions of the IF3 Relay layer

The IF3 Relay layer provides a data transfer service of relayed user data between the Evolved ProSe Remote UE and the Evolved ProSe UE-to-Network Relay, to upper layers.

The IF3 Relay layer needs to support the following functions:

-
Mapping/multiplexing of upper layer PDUs on IF3 lower layers. For example, a “bearer ID” may be included as part of an IF3 Relay layer header.

Since IF3 may use different radio access technologies (LTE sidelink, WiFi, Bluetooth), the design of the IF3 Relay layer needs to consider this. Which lower layer technology that is used on IF3 should typically be transparent for the IF3 Relay layer.
Observation 3 The IF3 Relay layer needs to be designed to support different lower layers on IF3, at least LTE sidelink and non-3GPP such as WiFi and Bluetooth. 

2.1.4 User plane relay functions performed by the Evolved ProSe UE-to-Network Relay
The Evolved ProSe UE-to-Network Relay provides a relaying function, e.g. using information in the IF1 Relay and IF3 Relay layer PDUs (such as a “bearer ID”). 

-
For data originating from the Evolved ProSe Remote UE, the Evolved ProSe UE-to-Network Relay maps the IF3 Relay SDUs onto SDUs provided onto the IF1 Relay layer. 
-
For data bound for the Evolved ProSe Remote UE, the Evolved ProSe UE-to-Network Relay maps the IF1 Relay SDUs onto SDUs provided onto the IF2 Relay layer.
2.2 Control plane aspects for layer 2 relaying
In Rel-13 ProSe, the following procedures [3] were developed for the control plane over the PC5 interface to support ProSe UE-to-Network relay for Public Safety use:

-
UE-to-Network Relay Discovery

-
Establishment of secure layer-2 link over PC5

Although the Rel-13 Prose UE-to-Network relay is a layer 3 relay, the above procedures can potentially be reused also for layer 2 relay. 
Moreover, the Serving eNB(s) need to configure the relaying functions in the user plane of e.g. the Evolved ProSe Remote UE and Evolved ProSe UE-to-Network Relay, respectively. For example, to configure the “bearer ID” used over IF1 and IF3, respectively and the association between these bearer IDs in the Evolved ProSe UE-to-Network Relay.
RAN2 should identify which control plane functions and procedures that are needed to support layer 2 relaying. Moreover, RAN2 should also identify which control plane protocols that are needed, new or existing. For example, considering that layer 2 relaying would be part of the Access Stratum, whether a new Access Stratum control plane is needed over IF3 and IF2. Furthermore, the functions need to support the use cases prioritized in the WID [1], (for example bidirectional and/or unidirectional relay as well as in coverage and outside coverage).
We therefore propose:
Proposal 5 RAN2 should identify control plane functions, procedures and protocols to support Layer 2 evolved UE-to-Network Relay for the prioritized use cases
Below is an initial list of control plane functions and procedures:

-
Relay discovery and selection/reselection. This includes how to trigger the establishment of the relaying link with a selected Evolved ProSe UE-to-Network Relay.
-
Configuration of user plane to setup/modify/release relaying. This includes to configure the user plane protocol layer entities in the Evolved ProSe Remote UE and Evolved ProSe UE-to-Network Relay considering QoS aspects.
-
Configuration of security functions on e.g. IF2 such as ciphering and integrity protection. The security functions should be specified together with SA3.

-
Path selection and handover of the user data between the relayed path and the LTE-Uu path, to ensure service continuity.
These aspects on the architecture and protocol stack are summarized in the text proposal that RAN2 should agree to.

Proposal 6 RAN2 to agree to the text proposal on the reference architecture.

Proposal 7 RAN2 to agree to the text proposal on the reference protocol stack.
3 Text Proposal

4 Reference architecture

The purpose of this section is to present the reference architecture of the relaying solution. The reference architecture is shown in Figure X-1.
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Figure X-1: Reference architecture for Layer 2 evolved UE-to-Network Relay

Editor’s note: The figure may be updated to ensure consistent and correct naming of nodes.

Important assumptions on the reference architecture are:

1.
The Evolved ProSe UE-to-Network Relay (“Relay UE”) is inside coverage.

2.
The Evolved ProSe Remote UE (“Remote UE”) may be inside coverage, in coverage extension or outside coverage.

3.
Both the Evolved ProSe Remote UE and the Evolved ProSe UE-to-Network Relay have the same serving PLMN.

4.
The Evolved ProSe UE-to-Network Relay can be used simultaneously as relay by multiple Evolved ProSe Remote UEs. 
Editor’s note: Any specification limit for the number of Evolved ProSe Remote UEs simultaneously connected to an Evolved ProSe UE-to-Network Relay is FFS.

5. The Evolved ProSe Remote UE may keep the RRC connection to E-UTRAN as long as in coverage, while simultaneously being connected via an Evolved ProSe UE-to-Network Relay. When the Evolved ProSe Remote UE is outside coverage, but is connected to E-UTRAN via an Evolved ProSe UE-to-Network Relay, we assume that it also has a context in E-UTRAN. 

Editor’s note: How this context relates to e.g. the RRC connection is FFS.
6.
Therefore, for IF2, we have two main cases:

a.
IF2a: The LTE-Uu reference point, for the connection directly with E-UTRAN (here NB-IoT or eMTC variants of LTE-Uu is also possible)

b.
IF2b: A reference point used for any control or user plane information exchanged between the Evolved ProSe Remote UE and E-UTRAN via the Evolved ProSe UE-to-Network Relay (and typically transparent for the Evolved ProSe UE-to-Network Relay).

7.
As stated as part of the objectives in the WID [1], the relaying interface IF3 is either (evolved) LTE sidelink or a non-3GPP technology such as WiFi or Bluetooth.

Editor’s note: Other important assumptions are FFS.

5 Reference protocol stack

The purpose of this section is to present the reference protocol stack of the relaying solution.

5.1 General

The user plane reference protocol stack is shown in Figure Y.1-1.
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Figure Y.1-1: User plane reference protocol architecture for the relaying solution.

Editor’s note: The figure may be updated to ensure consistent and correct naming of nodes.

5.2 User plane aspects

5.2.1 Services and functions of the IF1 Relay layer

The IF1 Relay layer provides a data transfer service of relayed user data between the Evolved ProSe UE-to-Network Relay and the Serving eNB of the Evolved ProSe UE-to-Network Relay, to upper layers.

The IF1 Relay layer needs to support at least the following functions:

-
Mapping/multiplexing of upper layer PDUs on IF1 lower layers (PDCP). For example, a “bearer ID” may be included as part of an IF1 Relay layer header.

Editor’s note: Other functions are FFS.

5.2.2 Services and functions of the IF2 Relay layer

The IF2 Relay layer provides a user data transfer service between the Evolved ProSe Remote UE and the Serving eNB of the Evolved ProSe Remote UE to upper layers. 

The IF2 Relay layer needs to support the following functions:

-
Ciphering and integrity protection to ensure confidentiality and data integrity (if not provided by the upper layers). When connected via an Evolved ProSe UE-to-Network Relay, we need to prevent e.g. eavesdropping and data modification in the Evolved ProSe UE-to-Network Relay of the relayed data.

-
TCP/IP header compression (if not provided by the upper layers). If the user data of the Evolved ProSe Remote UE is encrypted, any TCP/IP header compression functions performed by e.g. the Evolved ProSe UE-to-Network Relay will not see the TCP/IP headers since those are also encrypted. This means that the user data needs to pass TCP/IP header compression before the encryption and thus this needs to be performed either by the IF2 Relay layer or in a layer above.

-
Functions to ensure service continuity (such as preventing data loss when switching data path), if needed and if not provided by upper layers 

-
Support of splitting data for unidirectional relay (if needed)

Editor’s note: Other functions are FFS.

5.2.3 Services and functions of the IF3 Relay layer

The IF3 Relay layer provides a data transfer service of relayed user data between the Evolved ProSe Remote UE and the Evolved ProSe UE-to-Network Relay, to upper layers.

The IF3 Relay layer needs to support the following functions:

-
Mapping/multiplexing of upper layer PDUs on IF3 lower layers. For example, a “bearer ID” may be included as part of an IF3 Relay layer header.

Editor’s note: Other functions are FFS.

5.3 Control plane aspects

5.3.1 Control plane functions

The following control plane functions are needed to support the relaying solution:

-
Relay discovery and selection/reselection. This includes how to trigger the establishment of the relaying link with a selected Evolved ProSe UE-to-Network Relay.

-
Configuration of user plane to setup/modify/release relaying. This includes to configure the user plane protocol layer entities in the Evolved ProSe Remote UE and Evolved ProSe UE-to-Network Relay, considering QoS aspects.

-
Configuration of security functions on e.g. IF2 such as ciphering and integrity protection. 

Editor’s note: The security functions should be specified together with SA3.

-
Path selection and handover of the user data between the relayed path and the LTE-Uu path, to ensure service continuity.

Editor’s note: Other functions are FFS.

6 Conclusion

In section 2 we made the following observations:
Observation 1
A layer 3 and/or OTT relaying solution can support both 3GPP and well as non-3GPP accesses.
Observation 2
The IF2 Relay layer may be based on the PDCP layer
Observation 3
The IF3 Relay layer needs to be designed to support different lower layers on IF3, at least LTE sidelink and non-3GPP such as WiFi and Bluetooth.


Based on the discussion in section 2 we propose the following:
Proposal 1
RAN2 should define a reference architecture for Layer 2 evolved UE-to-Network Relay.
Proposal 2
The radio protocols to support Layer 2 evolved UE-to-Network Relay should not prevent that Evolved ProSe Remote UE and Evolved ProSe UE-to-Network Relay are served by different eNBs.
Proposal 3
RAN2 should define a user plane reference protocol architecture for Layer 2 evolved UE-to-Network Relay
Proposal 4
RAN2 should identify the functions of each protocol layer in the user plane reference protocol architecture for Layer 2 evolved UE-to-Network Relay
Proposal 5
RAN2 should identify control plane functions, procedures and protocols to support Layer 2 evolved UE-to-Network Relay for the prioritized use cases
Proposal 6
RAN2 to agree to the text proposal on the reference architecture.
Proposal 7
RAN2 to agree to the text proposal on the reference protocol stack.
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