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1 Introduction
WID of sidelink relay enhancements (RP-221262) was agreed in RAN#96e [1]. After RAN2#119e, there was an email discussion thread “[Post119-e][408][Relay] Path operations in multi-path relaying (LG)”:

Scope: Discuss issues with path management in the multi-path relaying objective:

· The set of supported path addition/modification/removal procedures, for both scenarios 1 and 2

· Baseline expectation is agnostic to scenarios 1 and 2

· Can be discussed if some procedures can be omitted for scenario 2

· Need for a concept of a “primary path” and steps towards its definition if needed

· L2 functions in relation to the path concept, e.g., consequences of the bearer mapping agreement and PDCP duplication (for both scenarios 1 and 2)

During the email discussion, there were quite some divergence on whether scenario 2 should adopt an adaptation layer or not. 

In this contribution, we further discuss multi-path relaying in terms of protocol architecture focus on scenario 2.
2 Discussion
2.1 Scenarios
According to the objectives of multi-path, the following scenarios are deemed as the main scenarios for the multi-path study:  
· Scenario 1: A UE is connected to the same gNB using one direct path and one indirect path via Layer-2 UE-to-Network relay.
· Scenario 2: A UE is connected to the same gNB using one direct path and one indirect path via another UE (where the UE-UE inter-connection is assumed to be ideal).
In the study phase, both scenario 1 multi-path via sidelink relay and scenario 2 UE aggregation should be considered. Further, scenario 2 should be given the same priority as scenario 1 in RAN2. From multi-path design perspective, there should be some similarity between scenario 1 and scenario 2. Unified solution to cover both scenarios is preferred, the essential differentiation could be discussed case by case.
Proposal 1: For multi-path relaying, scenario 2 should be given the same priority as scenario 1.
In the email has discussed whether a concept of a primary path is need to introduce in multi-path, majority companies think that primary path can be supported for control plane. In our view, the primary and secondary path similar as in DC should be introduced in multi-path consider the following two factors. One is for the safety of remote UE, the key is derived from the PCI of the primary cell in DC, if primary path and secondary path are not defined in multi-path, remote UE does not know which PCI to use to derive the key. The other is to determine the RLF in multi-path, in DC, if RLF occurs in the primary path, the UE will determine that RLF has occurred. If primary path and secondary path are not defined in multi-path, Remote UE how to determine that RLF has occurred. 
If the primary and secondary path are introduced in multi-path, in scenario 1, the direct link (i.e. Uu link) can be configured to primary path and the indirect link (i.e. relay link) can be configured to secondary path, or the indirect link can be configured to primary path and the direct link can be configured to secondary path. In scenario 2, the direct link (i.e. Uu link) is configured to primary path and the indirect link (i.e. the link of non-standardized UE-UE connection) is configured to secondary path. Moreover, whether connected mode remote UE control plane function are configured on the primary path or both the primary path and secondary path, should be considered in the SI scope. 
Proposal 2: The primary and secondary path should be introduced in multi-path relaying for scenario 1 and scenario 2.
· For scenario 1: the Uu link is configured as primary path and the relay link is configured as secondary path, or the opposite.
· For scenario 2: the Uu link is configured as primary path and the link of non-standardized UE-UE connection is configured as secondary path.
2.2 Radio protocol architecture for scenario 1
In the study phase, the protocol stack of multi-path support should be discussed in RAN2. In this section, the control plane and user plane protocol stack for scenario 1 is given, as shown in Figure 1-1 and Figure 1-2. PDCP based data duplication/split can be applied to scenario 1.
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Figure 1-1 Control plane protocol stack for multi-path via relay
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Figure 1-2 User plane protocol stack for multi-path via relay
For the protocol stack of direct link between Remote UE and gNB, the Uu RRC, PDCP, RLC, MAC and PHY are terminated between Remote UE and gNB for control plane. The Uu SDAP, PDCP, RLC, MAC and PHY are terminated between Remote UE and gNB for user plane. 
According to the multi-path objectives, scenario 1 focus on L2 U2N relay. The protocol stack of L2 U2N relay can be reused to indirect link. For the protocol stack of indirect link, the SRAP sublayer is placed above the RLC sublayer for both control plane and user plane at both PC5 interface and Uu interface. The SRAP sublayer supports Remote UE identification and bearer mapping. The Uu SDAP, PDCP and RRC are terminated between Remote UE and gNB, while SRAP, RLC, MAC and PHY are terminated in each hop (i.e. the link between Remote UE and Relay UE and the link between Relay UE and the gNB).
Proposal 3: For multi-path via sidelink relay, SRAP is introduced for both control plane and user plane as shown in Figure 1-1&1-2. 
2.3 Radio protocol architecture for scenario 2
In this section, the control plane and user plane protocol stack for scenario 2 is given, as shown in Figure 2-1 and Figure 2-2. PDCP based data duplication/split can be applied to scenario 2.
For the protocol stack of direct link between the remote UE and gNB, the Uu RRC, PDCP, RLC, MAC and PHY are terminated between the remote UE and gNB for control plane. The Uu SDAP, PDCP, RLC, MAC and PHY are terminated between the remote UE and gNB for user plane.
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Figure 2-1 Control plane protocol stack for UE aggregation 
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Figure 2-2 User plane protocol stack for UE aggregation

For the protocol stack of indirect link between the remote UE, relay UE and gNB, the first hop between remote UE and relay UE is not specified interface and can be assumed to be ideal. The protocol stack between remote UE and relay UE is non-standard, no research is needed. The second hop between relay UE and gNB is 3GPP Uu interface, the RLC, MAC and PHY are terminated between relay UE and gNB for both control plane and user plane. While the RRC and PDCP are terminated between the remote UE and gNB for control plane, the SDAP and PDCP are terminated between the remote UE and gNB for user plane.

If a relay UE can serve multiple different remote UEs, the SRAP layer is also needed at both non-3GPP UE-to-UE interface and 3GPP Uu interface for both control plane and user plane, it can support remote UE identification and N-to-one mapping between the remote UE bearer and relay UE Uu bearer. If a relay UE can only serve one remote UE and only fixed one-to-one mapping is supported between the remote UE bearer and relay UE Uu bearer, i.e. mapping a PDCP entity of the remote UE to a RLC entity of the relay UE to ensure that a PDCP PDU is delivered to an intended RLC entity for support of more than one RB, then the SRAP layer is not needed for both non-3GPP UE-to-UE interface and 3GPP Uu interface in scenario 2. 
Proposal 4: For multi-path via UE aggregation, if a relay UE can only serve one remote UE and only fixed one-to-one bearer mapping is supported, then the SRAP layer in control plane and user plane is not needed for both non-3GPP UE-to-UE interface and 3GPP Uu interface.
2.4 Control plane procedure
In addition to protocol stack, the control plane procedures of multi-path should be discussed in RAN2, including path addition, path modification and path release. Then for scenario 1 and 2 of multi-path, we will discuss case by case.
When Remote UE in single path, the path between Remote UE and gNB can be a direct link or indirect link. In scenario 1, Remote UE will perform measurement based on the configuration of gNB in preparation for the secondary path addition. The measurement results from Remote UE are reported to gNB when configured measurement reporting criteria are met. According to the measurement results reported by Remote UE, gNB selects a target Relay UE to establish the secondary path if Remote UE is connected to gNB via direct link at present. Then gNB will configure the target Relay UE and Remote UE to add the secondary path. On the contrary, gNB will add a Uu link as the secondary path if remote UE is connected to gNB via indirect link at the beginning. 
In scenario 2, Uu link between UE and gNB is the primary path, and non-specified UE-UE connection is configured as secondary path. While adding the secondary path, it does not relay on measurement or discovery to find a suitable aggregated UE, the network can pre-configuration association relationship of the UE and aggregated UE. That is different from sidelink relay.
The secondary path modification procedure can be initiated either by gNB or by UE and be used to modify, establish or release bearer contexts. The secondary path change procedure is the remote UE configured with multi-path changes to a new relay UE for the indirect path while keeping the direct path under the same gNB, or change to a new Uu path while keeping the indirect path. The secondary path release procedure may be initiated either by gNB or by UE and is used to initiate the release of the UE context.
Proposal 5: RAN2 should study the control plane procedures for multi-path including path addition, path modification, path change, and path release.
3 Conclusion

In this contribution we discuss the multi-path relaying, with the following proposals:
Proposal 1: For multi-path relaying, scenario 2 should be given the same priority as scenario 1.
Proposal 2: The primary and secondary path should be introduced in multi-path relaying for scenario 1 and scenario 2.

· For scenario 1: the Uu link is configured as primary path and the relay link is configured as secondary path, or the opposite.
· For scenario 2: the Uu link is configured as primary path and the link of non-standardized UE-UE connection is configured as secondary path.

Proposal 3: For multi-path via sidelink relay, SRAP is introduced for both control plane and user plane as shown in Figure 1-1&1-2.
Proposal 4: For multi-path via UE aggregation, if a relay UE can only serve one remote UE and only fixed one-to-one bearer mapping is supported, then the SRAP layer in control plane and user plane is not needed for both non-3GPP UE-to-UE interface and 3GPP Uu interface.
Proposal 5: RAN2 should study the control plane procedures for multi-path including path addition, path modification, path change, and path release.
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