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Introduction
In RAN2#95 meeting, feD2D was discussed with following agreements [1]:
	Agreements：
· In scenario 2, the remote UE can initiate establishing a “connection” to the relay.
· In Scenario 2, the network can initiate establishing a connection
· Make “FFS if the network needs to have “prior knowledge” of the relationship between the remote UE and the relay UE”.   Add Editor’s note – the nature of “prior knowledge” needs to be considered
· In scenario 3, either the remote UE or the network can initiate establishing a “connection” between the remote UE and the relay UE.  Add FFS if the network can use  “prior knowledge” of the relationship between the remote UE and the relay UE
· The remote UE doesn’t have to be in RRC CONNECTED while “paired” with a relay UE.  
· The relay UE may be in RRC_IDLE while “paired” with a remote UE, and in this case the remote UE is not in RRC CONNECTED.  FFS if the remote UE can still be in connected mode.    
· RRC Connected means that the eNB has a context.  The UE behaviour in these states is FFS.  



As we can see, either the remote UE or network can initiate establishing connection between the remote UE and relay UE. It is not clear whether the network can initiate connection without “prior knowledge” of UEs. And the nature of “prior knowledge” needs to be considered. On the other hand, the RRC state of remote 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
RRC state of Evolved remote UE
As agreed in RAN2#95bis, the remote UE doesn’t have to be in RRC_CONNECTED while “paired” with a relay UE. The relay UE may be in RRC_IDLE while “paired” with a remote UE, and in this case the remote UE is not in RRC_CONNECTED. It is FFS if the remote UE can still be in RRC_CONNECTED state. 
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 all the connected evolved remote UEs, the evolved relay UE has no chance to transit to RRC_IDLE state if any one of its 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, 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.
Proposal 1: The evolved remote UE should not be in RRC_CONNECTED state when its connected evolved relay UE is in RRC_IDLE state. 
For the evolved remote UE, the behaviour in RRC_CONNECTED and RRC_IDLE is FFS. According to the TS36.300 [2], the RRC_IDLE UE has no RRC context stored in the eNB. In addition, it should support PLMN selection, DRX configured by NAS, system information broadcast, paging, cell-reselection mobility, sidelink communication/discovery. For the RRC_CONNECTED UE, it has E-UTRAN RRC connection and context in E-UTRAN. Moreover, E-UTRAN knows the cell which the UE belongs to. UE can transmit and/or receive data to/from UE. And the UE should support network controlled mobility, neighbour cell measurements, channel quality report, DRX configuration and sidelink communication/discovery. When it comes to the evolved remote UE, it is necessary to investigate if all these behaviours for RRC_IDLE and RRC_CONNECTED UE should be supported. 
The RRC_IDLE evolved remote UE may monitor the CP from eNB or evolved relay UE. And the RRC_CONNECTED evolved remote UE may transmits/receives the CP/UP from eNB, or transmits and receives the CP and UP from evolved relay UE. The RRC_IDLE and RRC_CONNECTED evolved remote UE behaviour are compared under these scenarios as shown in Table 1 and Table 2 respectively. 
As we can see, for the RRC_IDLE evolved remote UE that monitors the CP from eNB, it acts as the normal RRC_IDLE UE. However, for the evolved remote UE that monitors the CP from relay, it needs to receive the system information and paging from evolved relay UE. Instead of the NAS configured DRX, the DRX between evolved remote UE and evolved relay UE may be configured. It is natural that the evolved remote UE does not need to camp on a suitable cell as normal UE does. However, the cell (re-)selection is still necessary for the evolved remote UE that monitors the CP from relay since the evolved remote UE may switch its path from PC5 to Uu in case that the signal from evolved relay UE is not good enough.
Table 1 Evolved remote UE behaviour in RRC_IDLE state
	Behaviours for evolved remote UE
	Evolved remote UE monitors the CP from eNB (in coverage)
	Evolved remote UE monitors the CP from relay (in coverage or out of coverage)

	PLMN selection
	Y
	Y

	DRX configured by NAS
	Y (DRX between remote UE and eNB)
	Y (DRX between remote UE and relay UE)

	broadcast system information
	Y
	Y (relay UE may transmit the system info to remote UE)

	Paging
	Y 
	Y (remote UE receive paging from relay UE)

	Cell-reselection mobility
	Y
	Y (In case of the path switch between Uu and PC5, the cell-reselection is still necessary and it could be performed only when the signal from relay is not good enough)

	No RRC Context stored in the eNB
	Y
	Y


For the RRC_CONNECTED evolved remote UE, if it transmits/receives the CP/UP from eNB, it acts as the normal RRC_IDLE UE. However, for the evolved remote UE that transmits and receives the CP and UP from evolved relay UE, it does not need to monitor Uu control channel and report channel quality info and feedback info to eNB.  Instead of the eNB configured DRX period, the DRX between evolved remote UE and evolved relay UE may be configured by the evolved relay UE. The cell measurement and cell (re-)selection is still necessary for the evolved remote UE since the evolved remote UE may switch its path from PC5 to Uu in case that the signal from evolved relay UE is not good enough. In addition, the remote UE may change its serving cell together with connected relay UE under the control of network. So the network controlled mobility still needs to be supported. In a sum, the evolved remote UE behaviour in RRC_IDLE and RRC_CONNECTED state basically follows the legacy UE but with several relay based adjustments.
Table 2 Evolved remote UE behaviour in RRC_CONNECTED state
	Behaviours for evolved remote UE
	Evolved remote UE transmit/receive the CP/UP to/from eNB (in coverage)
	Evolved remote UE transmit and receive the CP and UP to/from relay (in coverage or out of coverage)

	UE has an E-UTRAN-RRC connection, UE has context in E-UTRAN
	Y
	Y

	E-UTRAN knows the cell which the UE belongs to
	Y
	Y

	UE can transmit and/or receive data to/from network
	Y
	Y(forwarded through relay UE)

	Network controlled mobility (handover)
	Y
	Y (remote UE may change its serving cell together with connected relay UE under the control of network)

	Neighbour cell measurements
	Y
	Y (In case of the path switch between Uu and PC5, the cell measurement and cell-reselection is still necessary and it could be performed only when the signal from relay is not good enough)

	UE monitors control channel and report channel quality info and feedback info to eNB
	Y
	N

	DRX period configuration under the control of eNB
	Y (DRX between remote UE and eNB)
	Y (DRX between remote UE and relay UE)


Proposal 2: The evolved remote UE behaviour in RRC_IDLE and RRC_CONNECTED state basically follows the legacy UE with several adjustments. 
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 [3], 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. Even if the evolved remote UE does not connect with evolved relay UE, the pairing relationship may still exist. This kind of pairing relationship can be regarded as semi-static pairing and the semi-static pairing is better to be pre-configured or established through NAS procedure. To be specific, the network 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 3: 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 network 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 sends the paging to evolved remote UE.
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. For the out of coverage evolved remote UE, it can only rely on the evolved relay UE’s paging forwarding. For the evolved relay UE, it has no idea of the nearby evolved remote UE if the evolved remote UE has no connection with it. However, the evolved relay UE may have the “prior knowledge” of the paired evolved remote UE. It seems possible that the evolved relay UE monitors the paging message of evolved remote UE from the eNB and then forwards it to the paired remote UE if any. In order to do this, it is necessary for the evolved relay UE to obtain the DRX configuration of paired evolved remote UE. Otherwise, the evolved relay UE has to listen to all the possible paging occasion which is power-consuming. Suppose the evolved relay UE is configured with the paired evolved remote UE as well as the DRX configuration of evolved remote UE, the evolved relay UE could monitor the paging message on the paging occasion of evolved remote UE. Upon receiving the paging message for the paired evolved remote UE, the evolved relay UE sends paging to evolved remote UE through broadcast sidelink communication. Suppose the nearby evolved remote UE monitors the paging message from evolved relay UE, it may initiate establishing the PC5 connection with evolved relay UE upon receiving the paging message. 
As we can see, for the scenario 2, if the evolved relay UE has the paired evolved remote UE info and the DRX configuration of paired remote UE, the evolved relay UE could monitor and forward the paging for its paired evolved remote UE. In this way, network could initiate establishing a PC5 connection between evolved remote UE and evolved relay UE without the “prior knowledge” of the relationship between evolved remote UE and evolved relay UE.
Proposal 4：For the scenario 2, if the evolved relay UE has the paired evolved remote UEs info and their DRX configuration, the evolved relay UE could monitor and forward the paging for the paired evolved remote UE. In this case, it is not necessary for the network to have the “prior knowledge”. Otherwise, network needs to have “prior knowledge” to facilitate the paging of evolved remote UE. 
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 5：For the scenario 3, the network does not need to use the prior knowledge unless the in coverage remote UE requires to monitor the paging from relay.
Conclusion
In this paper, we first discussed the RRC state of evolved remote UE and analyzed the UE behaviour in RRC_IDLE and RRC_CONNECTED respectively. Then the nature of “prior knowledge” and its necessity for network initiated connection establishment was analyzed. Finally, we have the following proposals:
Proposal 1: The evolved remote UE should not be in RRC_CONNECTED state when its connected/paired evolved relay UE is in RRC_IDLE state. 
Proposal 2: The evolved remote UE behaviour in RRC_IDLE and RRC_CONNECTED state basically follows the legacy UE with several adjustments. 
Proposal 3: 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 network as the evolved remote UE’s context.
Proposal 4：For the scenario 2, if the evolved relay UE has the paired evolved remote UEs info and their DRX configuration, the evolved relay UE could monitor and forward the paging for the paired evolved remote UE. In this case, it is not necessary for the network to have the “prior knowledge”. Otherwise, network needs to have “prior knowledge” to facilitate the paging of evolved remote UE. 
Proposal 5：For the scenario 3, the network does not need to use the prior knowledge unless the in coverage remote UE requires to monitor the paging from relay.
Reference
[1] RAN2#95bis chairman notes.
[2] TS 36.300.
[2] TR6.746 v0.3.0.
3GPP
