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Abstract of the contribution: this contribution adds an alternative to solution R10 in which the out of coverage ProSe UE (UEo) has a signalling connection with the MME and relaying is performed transparently at L2.
1.
Introduction

Relaying can be performed at Layer 2, as already documented in Solution R10 of TR 23.703.Current solution R10 proposes that a PDN connection between UE-R and P-GW is shared with multiple UE-os (i.e., out of coverage UEs) connected to UE-R (i.e., UE-to-Network Relay). 
This contribution proposes a variant to this solution R10, with the following main differences:

· UE-os have a NAS signalling connection to the MME and are attached to the EPC.
· PDN connections end at UE-o, and UE-R transparently relays user plane at L2.

The benefits of this approach are the followings:

· UE-o is known and managed by the EPC.  This enables the network to have control over the connection with UE-o, in particular with regards to mobility management, QoS and charging.
· IP address is preserved when UE-o moves to/from an eNodeB to/from UE-to-Network Relay, or from a UE-to-Network Relay to another UE-to-Network Relay.

This solution does not make strong assumptions on PC5 interface. One possibility could be that PC5 is a subset the Uu interface.
Documenting this solution will add completeness to current TR (there is currently no solution proposing that UEs behind a UE-to-Network Relay are attached to the nework). Since it is expected that feedback from RAN on relays will be requested after SA2#99 meeting via an LS or a joint meeting, adding this solution will be useful for RAN to make an informed decision with regards to work planning.

2.
Proposal

It is proposed to add the following alternative to Solution R10.
********************** START OF CHANGE **********************
6.3.10
Solution R10: L2 ProSe UE-to-Network Relay 
6.3.10.1
Alternative 1: L2 ProSe UE-to-Network Relay with Bearer sharing

6.3.10.1.1
Functional description

The following figure shows the initial steps when an out of coverage ProSe UE (UE-oA) is trying to get access to the network via UE-R (Prose UE-to-Network Relay). Step 1 and 2 is performed locally between UE-oA and UE-R for discovery and Link establishment, authentication, etc.,. After that, UE-R needs to interact with the network in order to establish a PDN connection with the UE-oA.
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Figure 6.3.10.1.1-1: Initial steps showing an out of network coverage (UE-oA) interacting with ProSe UE-to-Network Relay (UE-R)

In this solution, the relay method used by UE-R is with layer 2. The IP address for UE-oA is allocated by P-GW. The PDN connection that UE-R has with the network can be shared among other connecting ProSe UE(s). The concept of the connection sharing is depicted in Figure 2. The data traffic of the PDN connection of ProSe UEs (UE_oA, UE_oB) uses the bearers of a PDN connection of the Relay UE (UE_R). 
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Figure 6.3.10.1.1-2: Sharing of a PDN connection with multiple Prose UEs.

The ProSe UE has no signalling connection to the MME, the Relay UE is responsible for the establishment and maintenance of the EPS bearers. On the other hand the Relay UE does not perform any IP level processing for the ProSe UE, the ProSe UE receives the IP level configuration parameters from the SGW/PGW and the SGW/PGW is the first-hop router. The ProSe Relay performs the mapping between the bearers over PC5 and Uu. The following figure shows the protocol stack overview.
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Figure 6.3.10.1.1-3. Protocol stack view between Prose UE, Relay UE and Network

The following are the salient features of this solution.

1. Provides an efficient means to establish one bearer for many ProSe UE(s) via a Relay UE.

2. The network can perform authorization (e.g. MME can check whether a ProSe UE have right to use a given APN).

3. The PGW is responsible for IP address allocation. 

4. It has no eNB and SGW impact. It does not change the basic concept of a PDN connection. MME impacts are only needed if special functions (e.g. authorization, LI report) in MME are needed.

5. The solution can work with IPv4 and IPv6, e.g. no problem of NATting occurs in the Relay UE if IPv4 is used.

Editor’s Note: It is FFS how the Relay UE is authorized to be used as a Relay for a given application for a given UE

Editor’s Note: It is FFS how the solution works in roaming scenarios when the HPLMN of the ProSe UE differs from the HPLMN of the Relay UE?

Editor’s Note: It is FFS whether the Relay UE can be a member of the same GCSE group as the ProSe UE.

6.3.10.1.2
Procedures

6.3.10.1.2.1
PDN connection establishment

The following call flow shows how a PDN connection is established including the IP address/prefix allocation for ProSe UE (UE-oA) via Prose UE-to-Network Relay (UE-R).
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Figure 6.3.10.1.2.1-1: PDN connection establishment for ProSe UE (UE-oA) via Prose UE-to-Network Relay (UE-R)

1-2.
UE-oA discovers UE-R and initiates establishment of a session with the UE-R for Relay connectivity. This step should include the mutual authentication of the UE-oA and UE-R. 


As part of these steps, the UE-oA triggers the establishment of a Relay PDN connection and optionally, provides an APN. If UE-oA does not provide an APN, then it implies default APN can be used.

3.
If the UE-R has no suitable PDN connection then it establishes a new PDN connection (with the UE requested PDN connectivity procedure). If the UE-R has an appropriate PDN connection for the requested APN or the default APN (when no APN was provided), then this step is skipped.

4.
The UE-R triggers the creation of a Relay Connection within the existing PDN connection by invoking the existing UE requested bearer resource modification procedure (Bearer Resource Modification Request). No new type of message is needed, but new parameters should be added to indicate the addition of relay connection (e.g. identifier for UE-R). These new parameters shall be interpreted by the PGW, this could be transparent to the MME and SGW (e.g they can be inserted in PCO). Note it is possible that the MME should be aware of this new connection e.g. for authorization or other purposes, but this is optional.

5.
The MME forwards the request to the PGW. If no MME authorization is needed then this may have no impact on the MME.

NOTE 1:
There is no need that the MME learns anything about the UE-oA, e.g. from the MME point of view the UE-oA is not attached to the network and the MME does not need to perform mobility management for the UE-oA. However if there is a need for extra authorization then the MME can perform this, but this is not proposed in this solution.

6.
The PGW interprets the request for the creation of a new Relay Connection, allocates the IPv6 prefix and/or IPv4 address and other resources. It sends an Update Bearer Request to the MME via the SGW including the IP and other parameters (e.g. updated TFTs). 

7.
The MME creates a NAS message Modify EPS Bearer Context Request based on the information received in the previous message and sends a Downlink NAS Transport message to the eNB. This behavior is the same as legacy MME behavior, the new parameters can be transparent to the MME.

8.
The eNB forwards the NAS message in a Direct Transfer message to the UE-R. This is the legacy eNB behavior.

9.
The ProSe bearer is established between the UE-R and the UE-oA. During the bearer establishment the UE-oA also receives the IP address allocated by the PGW. 

10-12.
The UE requested bearer resource modification procedure continues in the legacy way between the Relay UE and the PGW 

6.3.10.1.2.2
Dedicated Bearer Establishment 

Dedicated bearers are triggered by PCC based on existing procedure. PCC is not aware that the connection to the ProSe UE (UE-oA) is via UE-to-Network relay (UE-R). If there is an existing dedicated EPS bearer with the required QCI with the same APN toward the UE-R then this connection can be updated to accommodate the new dedicated bearer establishment. This requires the PGW to combine them. In the example below it is assumed that a dedicated bearer with the requested QCI has already been established. PCC (e.g. due to a request from an application server) sends a new policy to the PGW to triggered the establishment of a dedicated bearer for UE-oA. The PGW uses the Bearer Modification Procedure with Bearer QoS Update to update the QoS parameters of the dedicated bearer to meet the QoS requirements of the PCC request.
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Figure 6.3.10.1.2.2-1: Dedicated bearer establishment procedure for a relay connection

1. The PGW receives a trigger from PCC to establish a dedicated bearer for a UE-oA that is connected to the network via a Relay Connection. PGW aware the connection is via Relay (UE-R) during the PDN establishment procedure.

2. The PGW recognizes that an existing dedicated EPS bearer with the appropriate QCI exists to the UE-R. Thus it triggers a Bearer Modification Procedure with Bearer QoS Update by sending a Bearer Modify Request to the MME via the SGW. (Note if no appropriate dedicated bearer exists then the legacy dedicated bearer creation procedure could be used.)

3. The MME creates a NAS message based on the information received in the previous message and sends a Bearer Modify Request to the eNB. This is a legacy MME behavior.

4. The eNB processes the message in the legacy way, and starts updating the radio bearer to the Relay UE. This is a legacy eNB behavior.

5. The Relay UE creates a dedicated bearer (or something equivalent) with the Prose UE based on the received modification request in the previous step.


6-8.The dedicated bearer update procedure continues in the legacy way between the Relay UE and the PGW. 

In downlink direction for packets of the UE-oA the PGW finds the appropriate EPS bearer, i.e. one of the EPS bearer belonging to the PDN connection of UE-R, based on the downlink TFTs. In this case a TFT can include the IP address/prefix of the UE-oA as destination IP address/prefix. The UE-R forwards the packet to UE-oA via a ProSe bearer. The UE-R should create its own downlink TFTs, which includes e.g. the IP address/prefix of the ProSe UEs, for ProSe bearers. 

In uplink direction UE-oA sends the packet to UE-R using a ProSe bearer. Then UE-R forwards the uplink packet via a PDN connection towards the PGW. The UE-R selects the uplink EPS bearers based on the uplink TFTs received from the PGW.

6.3.10.1.2.3
Relationship with GCSE

The following figure shows in a high level on how the solution addressed is this TR is related to GCSE.
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Figure 6.3.10.1.2.3-1: ProSE relationship with GCSE TR.

6.3.10.1.3
Impact on existing entities and interfaces

Editor's Note: Impacts on existing nodes or functionality will be added.

6.3.10.1.4
Solution evaluation

Editor’s Note: The fulfilment of requirements in section 4.2 needs will be evaluated. 
6.3.10.2
Alternative 2: L2 ProSe UE-to-Network Relay with Network Attach
6.3.10.2.1
Functional description

The following figure shows the initial steps performed when an out of coverage UE is trying to get access to the network via a UE-R (UE-to-Network Relay). 
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Figure 6.3.10.2.1-1: Initial steps showing an out of network coverage (UE-o) interacting with a ProSe UE-to-Network Relay (UE-R)
Once UE-o has discovered a UE-R (step 1), it communicates with the EPC as currently defined in 3GPP specifications (step 2). UE-R transparently relays UE-o signalling to the eNodeB and vice versa. 

The following figure shows the protocol stack overview.
The ProSe UE has a direct connection to the MME. The Relay UE performs the relaying of radio bearers between PC5 and Uu. PDCP protocol is established end-to-end between ProSe UE and eNodeB.
Note: RRC and PDCP protocols of the Relay UE are not shown on this figure.
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Figure 6.3.10.2.1-2. Protocol stack view between Prose UE, Relay UE and Network

The following are the salient features of this solution.

1. ProSe UEs have access to the network services without restriction.
2. The Relay UE has limited knowledge on ProSe UEs and its main role is to relay the control plane and user plane with the network.
3. The network procedures are unchanged for the ProSe UE.

4. It has no impact on the EPC.
6.3.10.2.2
Relationship with GCSE

The following figure shows a high-level view of how this solution works with GCSE. 

Step 1 and 2 are performed as described in Figure 6.3.10.2.1-1.

Details on steps 3, 4 and 5 are to be documented in TR 23.768.
Note: since relaying is performed at Layer 2, there is no need to have a GCSE client in UE-R. 
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Figure 6.3.10.2.2-1: ProSe relationship with GCSE TR.

6.3.10.2.3
Impact on existing entities and interfaces

Editor's Note: Impacts on existing nodes or functionality will be added.

6.3.10.2.4
Solution evaluation

Editor’s Note: The fulfilment of requirements in section 4.2 needs will be evaluated. 
********************** END OF CHANGE **********************
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2. Group registration: 
UE-oA, UE-relay interaction with GCSE AS, need to take into account the policy requirements as defined in TS 22.468/sub-clause 6.2. Mechanisms and procedure is to be documented in TR 23.768.


1a. Prose discovery  and ProSe communication link setup (from this TR)


3. GCSE group communication signaling (e.g, floor control). Mechanisms and procedure is to be documented in TR 23.768.


4. UL and DL media handling, unicast/multipoint aspect, etc. Mechanisms and procedure is to be documented in TR 23.768.


1b. IP address allocation as proposed in this sub-clause of this TR.
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