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Introduction
In RAN2#95bis meeting, it is agreed that the evolved remote UE doesn’t have to be in RRC CONNECTED while “paired” with an evolved relay UE. The evolved relay UE may be in RRC_IDLE while “paired” with an evolved remote UE. However, the definition of when the evolved ProSe Remote UE and evolved ProSe UE-to-Network Relay UE are “paired” or “connected” needs to be clarified [1]. On the other hand, the RRC states of remote UE and relay UE as well as the UE behaviour in these states needs further study. In this paper, we will discuss these issues and present our proposals. 
Discussion
Evolved remote UE and evolved relay UE pair
As agreed in RAN2#95bis, the evolved remote UE may be in RRC_IDLE while paired with an evolved relay UE. For the evolved relay UE, it may be in RRC_IDLE while paired with an evolved remote UE. However, it is not clear what the evolved remote UE and evolved relay UE pair means. In our opinion, the evolved remote UE and evolved relay UE pair could be divided into two cases:
· Evolved remotes UE connects with evolved relay UE on PC5: If evolved remote UE sets up the PC5 direct connection and connects to an evolved relay UE, they can be regarded as evolved remote UE and evolved relay UE pair. During the PC5 direct connection setup procedure, the trust relationship authentication between evolved remote UE and evolved relay UE may be performed by the core network. However, whether the trust relationship is mandatory or not should be decided by SA2. 
· CN stores the pre-configured evolved remote UE and evolved relay UE pair info: For the wearables and smart phone of one user, they can be preconfigured with evolved remote UE and evolved relay UE pair relation. In this case, even if the evolved remote UE does not connect with evolved relay UE on PC5, the pairing relation still exists. The details for the pre-configuration of semi-static pair could be discussed in SA2. 
Proposal 1: Two types of evolved remote UE and evolved relay UE pair should be considered: 1) evolved remote UE connects with evolved relay UE on PC5; 2) CN stores the pre-configured evolved remote UE and evolved relay UE pair info. 
Proposal 2: During the PC5 direct connection setup between evolved remote UE and evolved relay UE, the trust relationship authentication may be performed by the core network. However, whether the trust relationship is mandatory or not should be decided by SA2.
RRC state of Evolved remote UE
According to the legacy specification, if the eNB detects no WAN user plane packets are exchanged between the RRC_CONNECTED UE and network for a certain period of time (i.e. user inactivity timer), the eNB may request to release the S1 and RRC connection and the UE transits to RRC_IDLE state. From the perspective of eNB implementation, whenever the eNB receives the data packet from evolved relay UE, the eNB needs to restart the inactivity timer. Since the evolved relay UE needs to forward the data packet of connected evolved remote UEs, the evolved relay UE has no chance to transit to RRC_IDLE state if any one of the connected evolved remote UE is still in RRC_CONNECTED. Only when all the connected evolved remote UEs become RRC_IDLE and no data packet from the evolved relay UE for a period of time, the eNB may release the S1 and RRC connection of evolved remote UE. Then the evolved relay UE transits into RRC_IDLE state. Hence, the evolved remote UE should not be in RRC_CONNECTED state when its connected evolved relay UE is in RRC_IDLE state. On the other hand, if one of the connected evolved remote UEs has unicast data relayed through evolved relay UE, both the evolved remote UE and evolved relay UE has to be in RRC_CONNECTED state. 
Proposal 3: The evolved remote UE should not be in RRC_CONNECTED state when its connected evolved relay UEs are in RRC_IDLE state. 
As agreed in RAN2#95bis, the evolved relay UE may be in RRC_IDLE while “paired” with an evolved remote UE. And in this case, the evolved remote UE is not in RRC_CONNECTED. It is FFS if the evolved remote UE can still be in some form of connected mode. In our opinion, no matter the evolved remote UE is in RRC_CONNECTED or RRC_IDLE state, it can be paired or connected with an evolved relay UE on PC5 independently. The “pairing” state or “connection” state between two UEs has no dependencies with their RRC connection state.
Proposal 4: No matter the evolved remote UE is in RRC_CONNECTED or RRC_IDLE state, it can be paired or connected with an evolved relay UE on PC5 independently. The “pairing” state or “connection” state between two UEs has no dependencies with their RRC connection states.
Prior knowledge
Based on the agreement in RAN2#95bis, the nature of “prior knowledge” needs to be considered. For the out of coverage scenario 2 in [1], it is FFS if the network needs to have “prior knowledge” of the relationship between evolved remote UE and evolved relay UE. Meanwhile, for in coverage scenario 3 in [3], it is FFS if the network can use “prior knowledge”. In this section, we will address these issues and present our ideas.
Generally speaking, the “prior knowledge” denotes the pairing relationship between the evolved remote UE and evolved relay UE. As we discussed in Section 2.1, the pairing relationship exists when evolved remote UE connects with evolved relay UE on PC5 or CN stores the pre-configured evolved remote UE and evolved relay UE pair info. When evolved remote UE connects with evolved relay UE on PC5, the evolved relay UE should store the connected evolved remote UE info and eNB should be informed of the evolved remote UE and evolved relay UE pair so as to decide if the evolved remote UE’s packet should be delivered indirectly through evolved relay UE. On the other hand, if CN stores the pre-configured evolved remote UE and evolved relay UE pair info, the MME may store one or more paired evolved relay UE’s information as the evolved remote UE’s context for fast remote UE connectivity setup.
Proposal 5: The “prior knowledge” denotes one or more paired evolved relay UE’s information that could forward the traffic for a specific evolved remote UE. It can be stored in the MME/eNB/evolved relay UE as the evolved remote UE’s context.
For the out of coverage scenario 2 [3], the evolved remote UE is in RRC_IDLE state and has no connection to the evolved relay UE. If the network has “prior knowledge”, for example, the MME stores the paired evolved remote UE as evolved relay UE’s context, the MME knows that the evolved remote UE is reachable through the paired evolved relay UE. Suppose the evolved relay UE is in RRC_CONNECTED state, the MME could send the paging message for evolved remote UE only to the serving eNB of evolved relay UE. Then the serving eNB of evolved relay UE could send dedicated paging message for evolved remote UE to the evolved relay UE. Upon receiving the paging message for evolved remote UE, the evolved relay UE broadcast the paging message to evolved remote UE. Suppose the evolved relay UE is nearby and monitors the paging message from evolved relay UE, it may initiate establishing the PC5 connection with evolved relay UE again.
If the network does not have “prior knowledge”, the MME has to send the paging to all the eNBs within the tracking area of the evolved remote UE. All the eNBs that receive the paging for evolved remote UE need to broadcast the paging message. Since the evolved remote UE has no connection with the evolved relay UE, the evolved relay UE also does not know if the evolved remote UE is nearby. In order to support the paging forwarding, the evolved relay UE has to listen to all the possible paging occasions and then forward all the received paging messages on PC5 since it has no idea of the nearby non-connected evolved remote UEs. As we can see, this blind paging forwarding procedure is quite power consuming and should be prohibited.  
In a word, for the scenario 2, it is beneficial for the network to have the “prior knowledge” of evolved relay UE and evolved remote UE pair. In this way, the paging procedure of evolved remote UE could be greatly simplified. 
Proposal 6：For the scenario 2, it is beneficial for the network to have the “prior knowledge” of evolved relay UE and evolved remote UE pair. 
When it comes to scenario 3, the in coverage/enhanced coverage RRC_IDLE evolved remote UE can directly receive the paging message from eNB and connect to the network when MT traffic arrives. So it could be paged through the legacy paging procedure as a baseline. In this case, the network does not need to use the “prior knowledge”. However, if the RRC_IDLE evolved remote UE wants to monitor the paging from evolved relay UE, the aforementioned paging schemes for the out of coverage RRC_IDLE evolved remote UE could apply to the in coverage/enhanced coverage RRC_IDLE evolved remote UE.
Proposal 7：For the scenario 3, the network does not need to use the prior knowledge unless the in coverage evolved remote UE requires to monitor the paging from evolved relay UE instead of eNB.
Conclusion
In this paper, we first discussed the evolved remote UE and evolved relay UE pair. The dependencies of RRC state of evolved remote UE and evolved relay UE are analyzed. And the potential impact on pairing and PC5 connection are discussed. Then the nature of “prior knowledge” and its necessity for network initiated connection establishment was analyzed. Finally, we have the following proposals:
Proposal 1: Two types of evolved remote UE and evolved relay UE pair should be considered: 1) evolved remote UE connects with evolved relay UE on PC5; 2) CN stores the pre-configured evolved remote UE and evolved relay UE pair info. 
Proposal 2: During the PC5 direct connection setup between evolved remote UE and evolved relay UE, the trust relationship authentication may be performed by the core network. However, whether the trust relationship is mandatory or not should be decided by SA2.
Proposal 3: The evolved remote UE should not be in RRC_CONNECTED state when its connected evolved relay UEs are in RRC_IDLE state. 
Proposal 4: No matter the evolved remote UE is in RRC_CONNECTED or RRC_IDLE state, it can be paired or connected with an evolved relay UE on PC5 independently. The “pairing” state or “connection” state between two UEs has no dependencies with their RRC connection states.
Proposal 5: The “prior knowledge” denotes one or more paired evolved relay UE’s information that could forward the traffic for a specific evolved remote UE. It can be stored in the MME/eNB/evolved relay UE as the evolved remote UE’s context.
Proposal 6：For the scenario 2, it is beneficial for the network to have the “prior knowledge” of evolved relay UE and evolved remote UE pair. 
Proposal 7：For the scenario 3, the network does not need to use the prior knowledge unless the in coverage evolved remote UE requires to monitor the paging from evolved relay UE instead of eNB.
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