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1 Introduction

Recent RAN2 meetings have achieved considerable progress in defining the protocol stacks and procedures for layer 2 UE-to-Network relaying.  This contribution attempts to bring the previous decisions together and show an end-to-end overview of the process of establishing a connection and setting up bearers.
2 Discussion
2.1 Transport of signalling

It has not been decided exactly how RRC signalling for the remote UE would be transported between the eNB and relay UE.  It seems that either a DRB or SRB could function as transport, with the main difference being prioritisation.  Accordingly, it would make sense to carry the remote UE’s RRC signalling on an SRB rather than DRB of the relay UE.
Proposal 1: The remote UEs SRBs are carried on SRBs of the relay UE.

The selection of which specific SRBs are used does not seem to be a critical issue; any SRB could be configured with an adaptation layer.  We assume it is natural that SRB1 is carried on SRB1, and SRB2 on SRB2; the main question is for SRB0 which has a different protocol stack.

Proposal 2: The remote UE’s SRB1 and SRB2 are mapped to the relay UE’s SRB1 and SRB2, respectively.

2.2 The special case of SRB0

To consider SRB0, there are two complications.  First, SRB0 has a truncated protocol stack, with RLC TM and no PDCP entity.  Second, SRB0 is a common bearer, meaning that in the downlink direction, the relay UE will receive a mix of messages for itself (which could include messages for relaying, in case the remote’s SRB0 is mapped to the relay’s SRB0) and for other UEs (including non-relays which will have no adaptation layer).  On the other hand, from the perspective of signalling prioritisation, the remote UE’s SRB0 should have the same benefit of priority as the relay UE’s SRB0, so it may make sense to map SRB0 to SRB0.

In the uplink direction, messages on SRB0 always include the UE ID explicitly, to identify the sender to the eNB.  Thus there does not seem to be anything for the adaptation layer to do.  In the downlink direction on the other hand, the identification of the UE that should receive the message is from the PDCCH, and there is no natural way for the relay UE to detect if a downlink message addressed to it on SRB0 is really intended for the relay itself, or for some remote UE (and if so, for which remote UE).  This means that to map SRB0 onto SRB0 in the downlink, some form of adaptation layer needs to be involved, at least to decide which messages are intended for which remote UE.
An adaptation layer on SRB0 would be somewhat of a challenge to the agreed protocol stack, since there is no PDCP entity and no meaningful RLC entity; the adaptation layer would sit directly between MAC and RRC.  It may be simpler to make sure that the addressing of messages is unambiguous.

One problematic case for downlink SRB0 can be illustrated by considering a re-establishment procedure, in which both the remote and relay UEs are expecting an RRCConnectionReestablishment message.  The relay cannot easily distinguish the two cases shown in Figure 1, and there is a risk that the relay and remote could receive and apply the wrong message.
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Figure 1: Possible race condition in connection re-establishment
This problem can be avoided if there are clear rules dictating the order in which messages on SRB0 will be sent and processed.  The relay UE can always know when it should expect a message on SRB0 (during connection re-establishment, connection setup, or connection resume) and it should not forward any message on SRB0 during these intervals; and the network should be have the corresponding guidance, not to send any message for forwarding on SRB0 during these intervals.  However, such rules will not help to distinguish SRB0 messages for different remote UEs from one another, and we still consider that this would require some adaptation functionality.
Proposal 3: Discuss whether the remote UE’s SRB0 should be mapped to the relay UE’s SRB0, with the addition of an adaptation layer, or instead mapped to some other bearer such as SRB1.
2.3 Uu DRB definition and configuration

In the previous meeting, on the bearer modelling, RAN2 has agreed that it is possible to multiplex traffic of relay UE itself onto the Uu DRB, which is used to relay traffic to/from remote UEs. Accordingly, there would be three types of DRB at the relay UE.
Type 1 DRB: A DRB that is used to transmit only the data of relay UE’s itself;

Type 2 DRB: A DRB that is used to transmit only the data of remote(s);

Type 3 DRB: A DRB that is used to transmit both of the data of relay and remote UE.

Type 1 DRB is actually the legacy DRB, which contains one PDCP entity, one RLC entity and one logical channel; Type 2 DRB is a kind of new DRB type from relay UE side, which contains one Adaptation layer, one RLC entity and one logical channel. Type 3 DRB is also a kind of new DRB type from relay UE side, which contains one PDCP entity, one Adaptation layer, one RLC entity and one logical channel. The protocol stack of these three types of DRB are shown in Figure 2. 

[image: image2.emf]PDCP(Uu)

RLC(Uu)

RLC(Uu)

Logical Channel

Logical Channel

Adaptation

PDCP(Uu)

Adaptation

RLC(Uu)

Logical Channel

Type 1 DRB Type 2 DRB Type 3 DRB


Figure 2: Types of DRBs
Dependent on eNB configuration, these three types DRB could co-exist at the relay UE side. Furthermore, for one DRB, the type switch could also happen. The possible switch includes:

· Switch from Type 1 DRB to Type 3 DRB: this could happen when a remote UE setup connection with a relay UE who already established a Type 1 DRB and the remote UE’s DRB has the same QoS requirement as this type 1 DRB;
· Switch from Type 3 DRB to Type 1 DRB: this could happen when a remote UE release connection with a relay UE who is using a Type 3 DRB to transmit the remote UE’s data and itself data;

· Switch from Type 2 DRB to Type 3 DRB: this could happen when relay UE needs to establish an EPS bearer who can share a DRB already established to transmit a remote UE’s data;

· Switch from Type 3 DRB to Type 2 DRB: this could happen when relay UE release an EPS bearer who is sharing this DRB with remote UE.
For the DRB type switch between Type 1 and Type 2, we don’t see the practical scenarios where it could happen. 

Based on the above discussion, it is proposed that:

Proposal 4: Capture the definition of three Uu DRB types in TR 36.746.

Proposal 5: For one DRB, the type switch between Type 1 and Type 3, as well as between Type 2 and Type 3 are allowed.
2.4 Sidelink RB configuration
In last meeting, RAN2 confirmed that mapping multiple DRBs of one remote UE onto one single Uu DRB is supported. To achieve this, there could be two ways:

· Option 1: Multiple DRBs of the remote UE are mapped to one single Sidelink RB at the remote UE side, and then one sidelink RB of the remote UE is mapped to one single Uu DRB at the relay UE side;

· Option 2: One DRB of the remote UE is mapped to one single sidelink RB at the remote UE side, and then multiple sidelink RB of the remote UE are mapped to one single Uu DRB at the relay UE side.

The reason to allow mapping multiple DRBs of one remote UE onto one single Uu DRB is due to the limitation of the Uu DRB number at the relay UE. However, we don’t need to care the limitation of sidelink RB number of one remote UE. Therefore, mapping multiple DRBs of the remote UE to one single Sidelink RB is not really necessary.
Proposal 6: At remote UE, only one-to-one mapping between its DRB and Sidelink RB is supported. At relay UE, mapping multiple sidelink RB of one remote UE onto one single Uu DRB is supported.
In Rel-13, sidelink RB setup is up to UE implementation and only specified configuration would be applied to the sidelink RB. For Layer 2 relay, the QoS support is required. On the other hand, thanks to the Layer 2 relay framework, both CN and eNB have the complete context of the remote UE. Then, in order to support QoS over sidelink, both of the sidelink RB of remote UE and relay UE should be setup and configured by eNB via the RRC reconfiguration procedure.
Proposal 7: eNB configures setup and configure sidelink RBs for both remote UE and relay UE.

2.5 Full procedure

An overview of the entire procedure of setting up a connection and bearers is shown in Figure 2.  The assumptions for this figure are as follows:
· The remote UE starts in RRC_IDLE

· The relay UE starts in RRC_CONNECTED

· The short range interface may be PC5 or non-3GPP

· SRB1/2 are mapped to SRB1/2 as proposed above

· SRB0 is shown as mapped to SRB1, with the adaptation layer indicating SRB0
· The user data at step 19 are for the default bearer

· The short range interface uses either LCID or an adaptation layer to identify the concerned bearers

· The relaying DRB (steps 10-12) should be set up before the relayed DRB (steps 13-18), to prevent the possibility that the remote UE tries to send data before the relaying DRB to carry it exists

· Security establishment and NAS procedures are not shown

It is proposed to capture the figure as an illustration of the main control plane procedures in TR 36.746.
Proposal 8: Capture Figure 3 in TR 36.746.
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Figure 3: Connection setup and bearer configuration

3 Conclusion
This document promulgates the following proposals:
Proposal 1: The remote UEs SRBs are carried on SRBs of the relay UE.

Proposal 2: The remote UE’s SRB1 and SRB2 are mapped to the relay UE’s SRB1 and SRB2, respectively.

Proposal 3: Discuss whether the remote UE’s SRB0 should be mapped to the relay UE’s SRB0, with the addition of an adaptation layer, or instead mapped to some other bearer such as SRB1.

Proposal 4: Capture the definition of three Uu DRB types in TR 36.746.
Proposal 5: For one DRB, the type switch between Type 1 and Type 3, as well as between Type 2 and Type 3 are allowed.
Proposal 6: At remote UE, only one-to-one mapping between its DRB and Sidelink RB is supported. At relay UE, mapping multiple sidelink RB of one remote UE onto one single Uu DRB is supported.
Proposal 7: eNB configures setup and configure sidelink RBs for both remote UE and relay UE.
Proposal 8: Capture Figure 3 in TR 36.746.
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