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Introduction
During RAN2#119 meeting, the multi-path relay was discussed and the following agreements were reached, which are relevant to the Scenario 2 (i.e. UE aggregation):
	RAN2 anticipate benefits from multi-path in the following areas:
A.Relay and direct multi-path operation (including both scenarios 1 and 2) can provide efficient path switching between direct path and indirect path
B.The remote UE in multi-path operation can provide enhanced user data throughput and reliability compared to a single link
C.gNB can offload the direct connection of the remote UE in congestion to indirect connection via the relay UE (e.g. at different intra/inter-frequency cells)
The terms “relay UE” and “remote UE” are used for scenarios 1 and 2.  FFS if we would use additional terms specific to scenario 2.
Proposal 2: Support the following cell deployment scenarios for multi-path relaying in Rel-18:
-	Scenario C1: The relay UE and remote UE are served by a same cell.
-	Scenario C2: The relay UE and remote UE are served by different intra-frequency cells of a same gNB
-	Scenario C3: The relay UE and remote UE are served by different inter-frequency cells of a same gNB
Proposal 3: Support the following sidelink scenarios for multi-path:
-	Scenario S1: SL TX/RX and Uu share the same carrier at the remote UE.
-	Scenario S2: SL TX/RX and Uu use different carriers at the remote UE.
-	Scenario S3: SL TX/RX and Uu share the same carrier at the relay UE.
-	Scenario S4: SL TX/RX and Uu use different carriers at the relay UE.
Support direct bearer (bearer mapped to direct path on Uu), indirect bearer (bearer mapped to indirect path via relay UE), and MP split bearer (bearer mapped to both paths, based on the existing split bearer framework).
FFS if we need to take decisions on the mapping of protocol entities in scenario 2.
RAN2 can confirm the justifiable benefits that multi-path with relay and UE aggregation can improve the throughput and reliability/robustness, e.g., for UE at the edge of a cell, and UE with limited UL transmission power.
Proposal 1: It is proposed to agree confirm the remote UE in Scenario 1 and the remote UE in Scenario 2 as follows:
-	Scenario 1: the remote UE is connected to the same gNB using one direct path and one indirect path via 1) Layer-2 UE-to-Network relay, 
-	Scenario 2: the remote UE is connected to the same gNB using one direct path and one indirect path via 2) via another UE (where the UE-UE inter-connection is assumed to be ideal).
RAN2 assumes that the relation between remote UE and relay UE in scenario 2 is pre-configured or static and how the relation is pre-configured or static is out of the 3GPP scope.
RAN2 deprioritizes discussion on authorization and association mechanism between remote UE and relay UE in scenario 2.


On the other hand, an post-meeting email discussion on path operations in multi-path relaying was organized. The scenarios for path addition/modification/release, details for primary path and secondary path, the necessity of adapt layer for scenario 2 (UE aggregation) were discussed. In this paper, we will focus on the remaining issues specific for scenario 2  and present our point of view. 
Discussion
Necessity of Adapt layer
As agreed during RAN2#119-e meeting, for a MP split bearer in scenario 1, one PDCP entity at the remote UE is configured with one direct Uu RLC channel and one indirect PC5 RLC channel. For upstream, a PDCP entity delivers to a Uu RLC entity and a PC5 RLC entity with SRAP entity in the remote UE side. For downstream, a PDCP entity receives from a Uu RLC entity and a PC5 RLC entity with SRAP entity in the remote UE side. It is FFS if we need to take decisions on the mapping of protocol entities in scenario 2.
Figure 1 presents an example user plane protocol stack for scenario 2. The Uu SDAP and PDCP are terminated between the remote UE and gNB. The Uu RLC, MAC and PHY are terminated between relay UE and gNB while non-specified interface is used between remote UE and relay UE. 
According to the post-meeting email discussion, the controversial point is the necessity of ADAPT layer for Uu and or UE-UE interface. For the Uu interface, some companies think that the ADAPT layer should be placed over RLC sublayer at the Uu interface between relay UE and gNB. Considering that the relay UE only serves one remote UE and the 1:1 bearer mapping between remote’s radio bearer and Uu RLC channel can be assumed, the ADAPT layer in Uu interface is actually not needed. 
However, we think it is necessary to consider the ADAPT layer for UE-UE interface. In order to support the inter-operability of UEs from different vendors, it is better to add the ADAPT sub-header for the UE-UE interface which may be used by the relay UE to identify the associated remote UE’s RB of the received packet and then map this packet to the corresponding Uu RLC channel. For the downlink, the ADAPT sub-header may be used by the remote UE to identify the associated RBs for the packet received from relay UE and then deliver this packet to the corresponding PDCP entity. 


Figure 1 Protocol stack of multi-path relaying for Scenario 2
Proposal 1: The ADAPT layer over Uu interface is not needed for Scenario 2. 
Proposal 2: RAN2 to consider the ADAPT layer over internal interface for the inter-operability purpose. 
Multi-path discovery for Scenario 2
For the R17 L2 U2N relay, remote UE can only connect to a relay UE or gNB, not both. In order to support the multi-path relaying in R18, the remote UE should be configured to measure and report the channel condition of served/neighboring cells and neighboring relay UEs. As we know, the measurement and report of neighboring relay UE has been specified in R17, which can be used as baseline for the indirect path discovery in L2 U2N relay based multi-path relaying. 
When it comes to the UE aggregation scenario, it has been agreed in RAN2#119 meeting that RAN2 assumes that the relation between remote UE and relay UE in scenario 2 is pre-configured or static and how the relation is pre-configured or static is out of the 3GPP scope. RAN2 de-prioritizes discussion on authorization and association mechanism between remote UE and relay UE in scenario 2.
In our opinion, the association of remote UE and the candidate relay UE may be pre-configured at remote UE and or relay UE. However, it is hard to pre-configure the association between remote UE and relay UE at gNB. Therefore, it is necessary for remote UE to report the candidate relay UE information to gNB, which may assist the gNB to configure the UE aggregation operation subsequently. The details for the candidate relay UE report needs to be further discussed.
Proposal 3: It is necessary for remote UE to report the candidate relay UE information to gNB, which may assist the gNB to configure the UE aggregation operation. 
Multi-path configuration
According to the post-meeting multi-path email discussion, the path addition/release/modification cases were discussed and majority companies support the Case A and C for scenario 2. There are other potential cases under discussion for scenario 2. In order to simplify the design of scenario 2, we think it is enough to only consider case A and case C for the multi-path configuration in Rel-18. 
	A.	The remote UE configured only on the direct path adds the indirect path under the same gNB; 
C.	The remote UE configured with multi-path releases the indirect path;


Proposal 4: It is suggested to only consider the case A (The remote UE configured only on the direct path adds the indirect path under the same gNB) and case C (The remote UE configured with multi-path releases the indirect path) for the path configuration of scenario 2.
In this section, we will present an example signalling procedure for the indirect path addition of scenario 2.  Suppose the remote UE connects to the network via direct path initially and then add the indirect path. The signalling procedure is presented in Figure 2. 


Figure 1 The addition of indirect path for scenario 2
1.	The remote UE reports one or multiple pre-configured candidate relay UE(s):
2.	The gNB decides to add the indirect path via relay UE to remote UE based on the report from remote UE as well as the channel condition between relay UE and gNB. 
3.  Then the gNB sends an RRCReconfiguration message to the relay UE, which can include at least Uu RLC channel configuration for relaying, and bearer mapping between remote UE’s RB and Uu RLC channel configuration.
4.	The gNB sends the RRCReconfiguration message to the remote UE. The contents in the RRCReconfiguration message can include at least the relay UE ID selected for aggregation and the associated indirect/split bearer configuration. 
5.	The remote UE completes the indirect path addition procedure by sending the RRCReconfigurationComplete message to the gNB.
6.	The data traffic from the indirect bearer or split bearer may be delivered via indirect path between the remote UE and the gNB.
On the other hand, for the remote UE has been configured with both direct and indirect path, the gNB may decide to the release the indirect path because the channel condition with relay UE become poor or the QoS flow for the remote UE does not requires the multi-path transmission. In this case, the gNB may decide to the release the indirect path. gNB may send the RRCReconfiguration message to remote UE and relay UE respectively to remove the indirect/split bearer and the bearer mapping configuration.   
Proposal 5: It is suggested to capture the indirect path addition signalling procedure for scenario 2.


[bookmark: _GoBack]Other considerations for control plane
As discussed before, majority companies suggest that the remote UE can only use the direct path for the RRC connection establishment. Once the RRC connection is established, the remote UE may regard the serving cell for the RRC establishment as PCell. On the other hand, after the indirect path is also configured for remote UE, which path is used for the SRB message transmission can be based on whether the SRB is configured as direct bearer, indirect bearer or split bearer. For the inter-cell multi-path scenario, the other serving cell for the indirect path configured by the gNB can be regarded as secondary cell for multi-path. 
Different from Scenario 1, remote UE only need to perform RLM on direct path for scenario 2. It is assumed that the UE-UE connection is ideal connection so it always works well. However, the RLF between relay UE and gNB may be detected by relay UE. In this case, relay UE may perform its radio link recovery for itself. When RLF is detected on direct path, it is not clear if the multi-path remote UE may send the direct path failure information to gNB via the indirect path. Suppose the fast recovery is supported, Only if both paths are not available or suspended, the remote UE may perform the RRC re-establishment via direct path. 
Proposal 6: For scenario 2, the remote UE can only perform both RRC establishment and reestablishment via direct path. 
Proposal 7: For scenario 2, the remote UE only need to perform RLM on direct path.  It is FFS whether the fast RLF recovery is supported when RLF is detected on direct path.
With regard to the system information, it seems that the remote UE only need to acquire it via direct path for scenario 2.  Even for the inter-cell multi-path, it is not necessary for multi-path remote UE to acquire the system information of serving cell of indirect path since the remote UE anyway need to keep the direct path and perform RRC establishment/re-establishment via direct path when necessary. 
Proposal 8: For scenario 2, remote UE only need to receive system information from direct path. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Conclusion
In this contribution, we focus on the remaining issues for scenario 2 and present our point of view. The following proposals are given:
Proposal 1: The ADAPT layer over Uu interface is not needed for Scenario 2. 
Proposal 2: RAN2 to consider the ADAPT layer over internal interface for the inter-operability purpose. 
Proposal 3: It is necessary for remote UE to report the candidate relay UE information to gNB, which may assist the gNB to configure the UE aggregation operation. 
Proposal 4: It is suggested to only consider the case A (The remote UE configured only on the direct path adds the indirect path under the same gNB) and case C (The remote UE configured with multi-path releases the indirect path) for the path configuration of scenario 2.
Proposal 5: It is suggested to capture the indirect path addition signalling procedure for scenario 2.
Proposal 6: For scenario 2, the remote UE can only perform both RRC establishment and reestablishment via direct path. 
Proposal 7: For scenario 2, the remote UE only need to perform RLM on direct path.  It is FFS whether the fast RLF recovery is supported when RLF is detected on direct path.
Proposal 8: For scenario 2, remote UE only need to receive system information from direct path. 
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