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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
In RAN2 #111e and #112e meetings, dual connection for remote UE was discussed in the email of scope/scenarios[1] as well as of service continuity[2], while mainly focusing on User Plane data e.g., whether simultaneous transmission of one QoS flow can happen on both paths where one is connected indirectly to gNB via relay UE and the other is directly to gNB.
However, whether the Control Plane messages can be transmitted on two paths for L2/L3 relay, is not fully touched yet. This contribution will discuss about the Control Plane messages’ transmission on direct and indirect paths for both L2 and L3 relay architecture and give our preference/opinions on this issue.
2. Discussion
2.1. L2 U2N Relay
In case of UE-to-Network relay scenario, regardless of whether the remote UE is IC or not, it is common understanding that remote UE user plane (UP) data would only transmit through the relay UE to/from the network. But, for remote UE control plane (CP) data, such as dedicated RRC message, there is no clear understanding whether the remote UE can be configured to receive CP messages on direct/indirect path or both. 


Figure 1: CP and UP for remote UE
As shown in Figure 1, there are 4 potential architectures for connected mode remote UE CP as follows:
· CP only on the direct path
· CP only on the indirect path
· Split CP on direct path and indirect path
· Duplicated CP on direct path and indirect path
The CP messages may be:
· RRC reconfiguration, SR, BSR, etc., for remote UE in RRC-CONNECTED
· System information, paging messages, etc., for remote UE in RRC-INACTIVE/IDLE
These approaches are discussed as follows:
· CP on direct path
All remote UE CP messages, including RRC and low layer messages, are directly transmitted from/to network to/from remote UE on the direct Uu path. As the CP messages do not always require strong radio coverage, this design is simple and can be workable for IC remote UE. However, in case of weak radio coverage, CP messages transmission may not always be reliable. This scenario can be at least captured in the TR 38.836 and whether to further pursue it can be discussed later.
Therefore,
[bookmark: _Ref59455582]Proposal 1: In L2 U2N relay architecture, the scenario where RRC-CONNECTED/INACTIVE/IDLE remote UE CP messages are only transmitted on the direct path, is captured in TR 38.836.
· CP on indirect 
All remote UE CP messages, including RRC and low layer messages, e.g., SR, BSR, are directly transmitted from/to the network to/from remote UE on the indirect path. This design can guarantee reliable CP transmission between the network and remote UE even if, the remote UE is in weak network radio coverage. Additionally, this approach may be useful in saving remote UE transmission power. However, this design may induce more CP transmission delay if the Uu radio condition between network and remote UE is not too weak in which case direct path may be utilized instead. This scenario can be at least captured in the TR 38.836 and whether to further pursue it can be discussed later.
Therefore,
[bookmark: _Ref59455583]Proposal 2: In L2 U2N relay architecture, the scenario where RRC-CONNECTED/INACTIVE/IDLE remote UE CP messages are only transmitted on the indirect path, is captured in TR 38.836.
· Split CP on direct path and indirect path
[bookmark: _Hlk54274016]Network may configure remote UE to have CP messages split on the direct Uu path and indirect path transmitted from/to network to/from remote. This can be considered as follows:
· Some of the CP messages are transmitted on the direct path and others are transmitted on the indirect SL path. How the division of CP messages is handled can be discussed later, e.g., a simple way is left to NW implementation, the NW can transmit CP messages with consideration on radio link quality on direct/indirect path or other factors.
· DL CP messages are transmitted on direct Uu path and UL CP messages are transmitted on the indirect path. This case is very useful in alleviating remote UE power consumption by avoiding remote UE to send UL CP messages on the direct Uu path.
This approach provides flexible CP transmission between the network and remote UE. This scenario can be at least captured in the TR 38.836 and whether to further pursue it can be discussed later.
Therefore,
[bookmark: _Ref59455584]Proposal 3: In L2 U2N relay architecture, the scenario where RRC-CONNECTED/INACTIVE/IDLE remote UE CP messages are simultaneously transmitted on the direct path and indirect path, is captured in TR 38.836.
· Duplicated CP on direct path and indirect path
For more reliable CP transmission from/to network to/from remote UE, network may configure duplicated CP message on the direct Uu path and indirect path transmitted. This approach would guarantee reliable CP messages transmission between the network and remote UE, especially in case moving remote UE handover. However, this approach may harvest more network resources. 
Moreover, for INACTIVE/IDLE remote UE, the duplicated CP on both direct path and indirect path can be simple, as we can leave it to remote UE implementation, e.g., the remote UE may choose to receive system information both on direct and indirect path when it is in-coverage. There is no need to put any limitation on such UE behavior. This scenario can be at least captured in the TR 38.836 and whether to further pursue it can be discussed later.
Therefore,
[bookmark: _Ref59455585]Proposal 4: In L2 U2N relay architecture, the scenario where RRC-CONNECTED/INACTIVE/IDLE remote UE CP messages are duplicated and transmitted on both the direct path and indirect path, is captured in TR 38.836.
From design point of view, the first two scenarios are simple. In contrast last two scenarios would require split and/or duplication support between direct path and indirect path. If we consider the benefits for the last two scenarios, they are definitely helpful on the aspects of e.g., power saving, extra high reliability and the reduction of delay, but considering the complexity, we can further discuss if it should be supported in this release or the next one. At the same time, whether the CP messages can be split/duplicated and transmitted on direct/indirect path may also depend on the discussions we have for UP messages. If dual UP connection is supported, then it would be less complicated to further evaluate/support split or duplicated CP messages transmission, otherwise the shortcomings may outweigh advantages.  
In a word, while the CP message transmission only on indirect path is a common solution for both OOC remote UE and IC remote UE, and may have less specification impact, we can still further study split/duplicated CP messages transmission on both direct path and indirect path to pave the road for dual connections for the further.
Therefore,
[bookmark: _Ref59455586]Proposal 5: RAN2 kindly study split/duplicated CP message transmission on both direct and indirect path.
2.2. L3 U2N Relay
For L3 U2N Relay, the remote UE and relay UE’s RRC states are discussed in last RAN2 #112e meeting in [3]. During this email discussion, companies tend to agree that whether the Remote UE can be in RRC-CONNECTED for its own Uu connection when it is connected via a Relay should be up to UE implementation. Although there is no formal agreement on remote UE’s RRC state, there is actually no limitation for a remote UE to be in RRC-CONNECTED (as well as INACTIVE/IDLE) with its own Uu connection when it is also connected via a Relay. 
[bookmark: _Ref59455580]Observation 1: The remote UE can be in Uu RRC_CONNECTED, RRC_INACTIVE or RRC_IDLE when being able to have active PC5-RRC connections with Relay UE.
Therefore, for L3 U2N Relay, the remote UE is possible to receive both CP messages on direct Uu path (e.g. system information or dedicated RRC messages) and PC5-RRC connection path (e.g. sidelinkRRCreconfiguration). However, this may not be called split or duplicated CP messages as we did in L2 relay, because remote UE’s Uu RRC connection terminate at gNB and PC5-RRC connection terminate at Relay UE (and remote may not even be visible to gNB on this link), which makes these two paths independent in fact. 
The CP messages that remote UE transmits/receives on PC5-RRC connection, can be e.g. the sidelinkRRCreconfiguration message as in R16, which is only between remote UE and relay UE, and if we talk about the messages between remote UE and gNB (via Relay UE), they can only be data via PC5-RRC connections and possibly NAS messages (with N3WIF architecture) for now. In fact, there is no control plane protocol stack captured now in TR 38.836.
[bookmark: _Ref59628192]Observation 2: For remote UE in L3 U2N Relay, the direct Uu path and PC5-RRC connection path are independent links, and there is no control plane protocol stack between remote UE and gNB captured now in TR 38.836.
As a result, there may not be the concept of ‘split’ or ‘duplicated’ CP messages for L3 relay, as they are independent RRC messages. On the other hand, we may simply take LTE L3 relay as the baseline for CP messages transmission or leave it to NW/UE implementation.
[bookmark: _Ref59455587]Proposal 6: In L3 U2N relay architecture, remote UE CP message transmission path is up to the message content and expected terminated node (relay or network).
3. Conclusion
This paper further discussed CP messages transmission on direct and indirect path for L2 and L3 U2N relay. The paper concludes with:
Observation 1: The remote UE can be in Uu RRC_CONNECTED, RRC_INACTIVE or RRC_IDLE when being able to have active PC5-RRC connections with Relay UE.
Observation 2: For remote UE in L3 U2N Relay, the direct Uu path and PC5-RRC connection path are independent links, and there is no control plane protocol stack between remote UE and gNB captured now in TR 38.836.

Proposal 1: In L2 U2N relay architecture, the scenario where RRC-CONNECTED/INACTIVE/IDLE remote UE CP messages are only transmitted on the direct path, is captured in TR 38.836.
Proposal 2: In L2 U2N relay architecture, the scenario where RRC-CONNECTED/INACTIVE/IDLE remote UE CP messages are only transmitted on the indirect path, is captured in TR 38.836.
Proposal 3: In L2 U2N relay architecture, the scenario where RRC-CONNECTED/INACTIVE/IDLE remote UE CP messages are simultaneously transmitted on the direct path and indirect path, is captured in TR 38.836.
Proposal 4: In L2 U2N relay architecture, the scenario where RRC-CONNECTED/INACTIVE/IDLE remote UE CP messages are duplicated and transmitted on both the direct path and indirect path, is captured in TR 38.836.
Proposal 5: RAN2 kindly study split/duplicated CP message transmission on both direct and indirect path.
Proposal 6: In L3 U2N relay architecture, remote UE CP message transmission path is up to the message content and expected terminated node (relay or network).
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