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Introduction
In RAN2#97 meeting, it is agreed that the term “linked” is used to describe when the short range communication is setup and the UEs can exchange data. On the other hand, for the trust relationship between the evolved relay UE and evolved remote UE if required by upper layers, the term “associate” should be used. It is FFS which relationship (linked or associate) can be used to facilitate MT connection establishment with evolved remote UE via evolved relay UE. In this paper, we will discuss the paging schemes for the evolved remote UE and analyze whether linked or associate relationship could be used for the MT connection establishment.
Discussion
Paging for evolved remote UE
According to the feD2D paging email discussion [1], four potential paging options are listed as follows:
· Option 1: Evolved ProSe Remote UE monitors its own paging occasion over Uu interface.
· Option 2: Evolved ProSe UE-to-Network Relay UE monitors its [associated/linked] the evolved ProSe Remote UE’s paging occasion in addition to its own paging occasion.
· Option 3: Evolved ProSe UE-to-Network Relay UE monitors its own paging occasion only and paging for the [associated/linked] evolved ProSe Remote UE is also sent in the evolved ProSe UE-to-Network Relay UE’s paging occasion.
· Option 4: Evolved ProSe UE-to-Network Relay UE monitors a paging occasion which is time aligned between the evolved ProSe UE-to-Network Relay UE and its [associated/linked] evolved ProSe Remote UE.
According to the legacy specification, when the mobile terminated (MT) traffic for the RRC_IDLE UE arrives to the PGW/SGW, the MME shall trigger the eNB to page the RRC_IDLE UE. For the in coverage/enhanced coverage RRC_IDLE evolved remote UE, it can directly receive the paging message from eNB and connect to the network when MT traffic arrives (Option 1). However, for the out of coverage RRC_IDLE evolved remote UE, it can only be paged through evolved relay UE. 
Suppose the RRC_IDLE evolved remote UE is linked with evolved relay UE, when the MT traffic for evolved remote UE arrives to the SGW, the MME could trigger the eNB to page the RRC_IDLE evolved remote UE through legacy paging procedure. When the paging for evolved remote UE arrives at the serving eNB of evolved relay UE, the serving eNB of evolved relay UE could broadcast the paging message for evolved remote UE at least through evolved remote UE’s PO (Option 2). Suppose the evolved relay UE has obtained the DRX parameter of linked evolved remote UE, it can monitor the paging message for the linked evolved remote UE. Upon receiving the paging message for evolved remote UE, the evolved relay UE sends paging to its linked evolved remote UE through unicast sidelink communication. The detailed signalling procedure is illustrated in Figure 1. As we can see, in Option 2, only evolved relay UE is required to store the linked evolved remote UE info and “linked” relationship between evolved relay UE and evolved remote UE is enough for the MT connection establishment with evolved remote UE via evolved relay UE.


Figure 1 Paging of RRC_IDLE evolved remote UE in Option 2
When it comes to Option 3, it requires the paging for evolved remote UE be sent in evolved relay UE’s PO. In this case, when the paging for evolved remote UE arrives at the serving eNB of evolved relay UE, the serving eNB of evolved relay UE should be able to know the linked status between evolved remote UE and evolved relay UE as well as the DRX parameters required for evolved relay UE’s PO/PF calculation. Then the serving eNB of evolved relay UE may broadcast the paging message for evolved remote UE through relay UE’s PO. Suppose the evolved relay UE is in RRC_CONNECTED state, the serving eNB of evolved relay UE should be able to store “linked” relationship between evolved remote UE and evolved relay UE as evolved relay UE’s context, so that the serving eNB could deliver the paging for evolved remote UE according to Option 3. 
However, if the evolved relay UE is in RRC_IDLE state, the eNB does not store the evolved relay UE’s context any more. In this case, in order to support option 3, it is necessary for the MME to store the “linked” relationship between evolved relay UE and evolved remote UE. When the MT traffic for evolved remote UE arrives to the SGW, the MME knows that the evolved remote UE is linked with the paired evolved relay UE. MME may include the DRX parameters required for relay UE’s PO/PF calculation in the paging message for evolved remote UE and trigger the eNB to page the evolved remote UE. Upon receiving the paging message for evolved remote UE, the eNB broadcast the paging message for evolved remote UE through evolved relay UE’s PO.
It should be noted that the “linked” relationship between evolved remote UE and evolved relay UE may dynamically changes with UE’s mobility and channel conditions. It may introduce frequent S1 signalling for the MME to get the updated knowledge of the dynamic “linked” relationship. Considering the potential S1 overhead and specification impact of Option 3, Option 2 is advantageous over Option 3 for paging of out of coverage evolved remote UE.
Proposal 1: For the in coverage/enhanced coverage RRC_IDLE evolved remote UE, it can directly receive the paging message from eNB and the legacy paging procedure could be used as a baseline.
Observation 1: For Option 2, evolved relay UE should have knowledge of “linked” relationship between evolved relay UE and evolved remote UE.
Observation 2: For Option 3, in addition to evolved relay UE, either the eNB or MME should have knowledge of the “linked” relationship between evolved relay UE and evolved remote UE.
Proposal 2: “Linked” relationship between evolved remote UE and evolved relay UE is enough for the MT connection establishment with evolved remote UE via evolved relay UE. 
Proposal 3: Considering the potential S1 overhead and specification impact of Option 3, RAN2 is suggested to prioritize Option 2 for paging of out of coverage evolved remote UE.
Another potential scenario is only “associate” relationship between evolved relay UE and evolved remote UE is available. In this case, the evolved remote UE has no PC5 connection with the evolved relay UE. Suppose the MME stores the “associate” relationship between evolved remote UE and evolved relay UE, the MME knows that the evolved remote UE is reachable through the associated evolved relay UE. In this case, the MME should send the paging message for evolved remote UE together with DRX parameter of associate evolved relay UE to all the eNBs within remote UE’s tracking area. Then the concerned eNB could sends paging message for evolved remote UE through evolved relay UE’s PO. Upon receiving the paging message for associated evolved remote UE, the evolved relay UE needs to forward the paging message on PC5. Since the evolved remote UE is not linked with the evolved relay UE, the evolved relay UE has no idea if the paged evolved remote UE is nearby or not. In this scenario, the evolved relay UE has to forward all received paging message for its associated evolved remote UEs on PC5. 
As agreed in RAN2#97, the “associate” relationship will be handled by upper layers. Whether the “associate” relationship could facilitate the MT connection establishment with evolved remote UE involves the specification effort of SA2. On the other hand, the evolved remote UE may associate with multiple evolved relay UEs. In this case, the paging forwarding of evolved remote UE is a waste of resource and energy for its associate evolved relay UEs which is not close to the evolved remote UE. Last but not the least, the DRX for evolved remote UE when linked with evolved relay UE may be defined for the sake of power efficiency. In this way, the power efficiency may already be realized through the DRX of evolved remote UE when linked with evolved relay UE. It is not necessary to support the DRX for evolved remote UE when not “linked” with evolved relay UE any more and consequently the paging forwarding of associate evolved remote UE.
Proposal 4: It is not necessary to consider the “associate” relationship between evolved relay UE and evolved remote UE to facilitate MT connection establishment with evolved remote UE via evolved relay UE. 
Conclusion
In this paper, we discussed the paging schemes for the evolved remote UE and analyzed whether linked or associate relationship could be used for the MT connection establishment.  And we have the following observations and proposals:
Proposal 1: For the in coverage/enhanced coverage RRC_IDLE evolved remote UE, it can directly receive the paging message from eNB and the legacy paging procedure could be used as a baseline.
Observation 1: For Option 2, evolved relay UE should have knowledge of “linked” relationship between evolved relay UE and evolved remote UE.
Observation 2: For Option 3, in addition to evolved relay UE, either the eNB or MME should have knowledge of the “linked” relationship between evolved relay UE and evolved remote UE.
Proposal 2: “Linked” relationship between evolved remote UE and evolved relay UE is enough for the MT connection establishment with evolved remote UE via evolved relay UE. 
Proposal 3: Considering the potential S1 overhead and specification impact of Option 3, RAN2 is suggested to prioritize Option 2 for paging of out of coverage evolved remote UE.
Proposal 4: It is not necessary to consider the “associate” relationship between evolved relay UE and evolved remote UE to facilitate MT connection establishment with evolved remote UE via evolved relay UE. 
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