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Introduction
In RAN2#95 meeting, feD2D was discussed briefly with following agreements [1]:
	Agreements：
· RAN2 will initially focus on bidirectional relay design, but should consider impact of the design in unidirectional.
· RAN2 should study relay design support for both CP and UP.
· Coverage scenarios to be captured and discussed over email.


During the coverage scenarios email discussion, four coverage scenarios were agreed as baseline. In addition, most companies agreed that the evolved remote UE may be in RRC_IDLE while paired with an evolved relay UE. And the evolved relay UE may be in RRC_IDLE while all the paired evolved remote UEs are also in RRC_IDLE. However, there are still several FFS issues. For example, it is not clear if the scenario evolved remote UE and evolved relay UE in coverage of different cells or eNBs should be considered. And it should be clarified what the evolved remote UE and evolved relay UE pair means. 
In this paper, we will first discuss the additional coverage scenarios that should be considered in R14 feD2D. Then we will analyze two pairing scenarios of evolved remote UE and evolved relay UE. Finally we analyze the reachability of evolved remote UE under different coverage and connectivity scenarios.
Discussion
Additional coverage scenarios
For the normal coverage scenario, the evolved remote UE could directly receive the system information and maintain the Uu connection with its serving cell. Meanwhile, the evolved remote UE may select evolved relay UE and transfer its UP and/or CP traffic via evolved relay to the network. Since the evolved remote UE and its selected evolved relay UE are close to each other, it is very likely that they are served by the same cell. However, it does not exclude the case that the evolved remote UE selects the evolved relay UE served by different cells. As shown in Figure 1(a), evolved remote UE2 selects the evolved relay UE1 for its traffic forwarding. Evolved relay UE1 and evolved remote UE2 are served by Cell 1 and Cell 2 respectively. On the other hand, the bandwidth reduced low complexity eMTC device is generally served by the cell capable of BL operation. The eMTC device may select the evolved relay UE served by normal cells. Therefore, the BL evolved remote UE2 and the evolved relay UE1 may be served by different cells as shown in Figure 1(b). 


Figure 1 evolved remote UE and evolved relay UE in coverage of different cells 
Upon receiving the evolved remote UE2’s UL UP/CP data from evolved relay UE1, the Cell 1 should be able to differentiate the data is from evolved remote UE2 and then deliver it to the SGW through evolved remote UE2’s S1 bearer. The UL data path is evolved remote UE2 ->evolved relay UE1->Cell 1->Cell 2->SGW/PGW of evolved remote UE2. For the downlink, when Cell 2 receives the evolved remote UE2’s DL UP/CP data, the Cell 2 should know that it shall be forwarded by evolved relay UE1. And the DL data path is SGW/PGW of evolved remote UE2->Cell 2->Cell 1-> evolved relay UE1-> evolved remote UE2. Suppose the Cell 1 and Cell 2 belong to the same eNB, the Cell 1 and Cell 2 could share the UEs’ context and deliver the evolved remote UE2’s data efficiently. However, if the Cell 1 and Cell 2 belong to different eNB, the inter-eNB UP and/or CP traffic delivery should be considered, which introduces longer data forwarding delay and requires a lot of specification effort. For the sake of simplicity, RAN2 is suggested to study the evolved remote UE and evolved relay UE in coverage of multiple cells of the same eNB scenario. The evolved relay UE and evolved remote UE in coverage of different eNBs scenario is better to be excluded.
Proposal 1: RAN2 is suggested to study the evolved remote UE and evolved relay UE in coverage of multiple cells of the same eNB scenario. The scenario that evolved relay UE and evolved remote UE served by multiple eNBs scenario is better to be excluded.
According to the R13 UE-to-Network relay design, the relay UE may broadcast the ECGI of its serving cell through relay discovery message in response to the remote UE’s request. As we know, the leftmost 20 bits of ECGI correspond to the eNB ID. The remote UE could tell if the selected relay UE is served by the same cell or the same eNB by the aid of ECGI broadcast of relay UE. The ECGI broadcast mechanism could be leveraged in R14 feD2D. In this way, it is possible for the evolved remote UE to select the evolved relay UE in coverage of the same cell or same eNB.
Observation 1: In R13 UE-to-Network Relay, the remote UE could tell if the selected relay UE is served by the same cell or the same eNB by the aid of ECGI broadcast of relay UE. The ECGI broadcast mechanism could be leveraged in R14 feD2D.
Evolved remote UE and evolved relay UE pair
As stated in the email discussion, 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 all the paired evolved remote UEs are in RRC_IDLE. 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 scenarios:
· Dynamic pair: In this scenario, the evolved remote UE and evolved relay UE move independently. The evolved remote UE may switch between Uu and PC5 based relay path or reselect other evolved relay UEs from time to time. In our opinion, if evolved remote UE setups the PC5 direct connection and connects to an evolved relay UE, they can be regarded as evolved remote UE and evolved relay UE pair. The evolved remote UE and evolved relay UE pair dynamically change with UE’s mobility and channel conditions. It is noteworthy that the 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 directly to evolved remote UE or indirectly through evolved relay UE. However, it is not necessary for the MME to have knowledge of the dynamic UE pair since it introduces frequent S1 signalling of pair updates.
· Semi-static pair: In this scenario, the evolved remote UE moves together with evolved relay UE. For example, the wearables of user always move with his smart phone. So the evolved remote UE and evolved relay UE can be paired in semi-static way. Even if the evolved remote UE does not connect with evolved relay UE, the pairing may still exists. The MME may store the evolved remote UE and evolved relay UE pair info for fast remote UE connectivity setup. In this sense, the semi-static pairing is better to be a NAS procedure. And the details for the pair establishment and maintenance could be discussed in SA2. 
Proposal 2: Two evolved remote UE and evolved relay UE pair scenarios should be considered: dynamic pair and semi-static pair. 
Proposal 3: The dynamic pair is established when evolved remote UE connects with evolved relay UE. And the semi-static pair is established through NAS procedure.
Reachability analysis of evolved remote UE
According to the legacy specification, the UE becomes RRC_CONNECTED when it setups the RRC connection with the eNB. However, if the eNB detects no WAN user plane packets are exchanged between the 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 in order to optimize the radio resources. In this case, the UE transits to RRC_IDLE state. Later 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 and the UE may connect to the network again. As we can see, the RRC_IDLE UE is reachable through the paging procedure. In this section, we will discuss the reachability of RRC_IDLE evolved remote UE under different coverage and connectivity scenarios.  
· in coverage/enhanced coverage scenario: 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 is reachable at least through the legacy paging procedure. 
· Out of coverage scenario: For the out of coverage RRC_IDLE evolved remote UE, it can be reachable through its paired evolved relay UE. According to the pair scenario and the RRC state of paired evolved relay UE, the reachability analysis of out of coverage RRC_IDLE evolved remote UE is summarized in Table 1.
Table 1 Reachability of out of coverage RRC_IDLE evolved remote UE
	Scenario
	Dynamic pair
	Semi-static pair

	RRC_Connected evolved relay UE
	MME triggers the eNB to page the evolved remote UE through legacy paging procedure. For the serving eNB of evolved relay UE which stores the pairing info of evolved remote UE and evolved relay UE, it sends the 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 paging to evolved remote UE through unicast sidelink communication.
	MME stores the pairing info of evolved remote UE and evolved relay UE. MME sends the paging message for evolved remote UE directly to the eNB of evolved relay UE. The eNB of evolved relay UE sends the 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 paging to evolved remote UE through unicast sidelink communication (evolved remote UE connects with evolved relay UE) or through broadcast sidelink communication / discovery (no PC5 connection).

	RRC_IDLE evolved relay UE
	MME triggers the eNB to page the evolved remote UE through legacy paging procedure. Evolved relay UE monitors the paging message of paired evolved remote UE. 
Upon receiving the paging message for evolved remote UE, the evolved relay UE sends paging to evolved remote UE through unicast sidelink communication.
	MME stores the pairing info of evolved remote UE and evolved relay UE. MME triggers the eNB to page the evolved relay UE through legacy paging procedure except that the paging for evolved relay UE contains paired evolved remote UE data arrival indication. 
Upon receiving the paging message contains paired evolved remote UE data arrival indication, the evolved relay UE sends paging to evolved remote UE through unicast sidelink communication (evolved remote UE connects with evolved relay UE) or through broadcast sidelink communication /discovery (no PC5 connection).


As we can see, for the dynamic pair scenario, the evolved remote UE connects to the evolved relay UE. The MME does not store the evolved remote UE and evolved relay UE pair info. 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. Suppose the paired evolved relay UE is in RRC_CONNECTED state, the eNB of evolved relay UE should have knowledge of the evolved remote UE and evolved relay UE pair. The paging procedure for evolved remote UE can be optimized here. For example, when the paging message for evolved remote UE arrives at the eNB of evolved relay UE, the eNB of evolved relay UE could detect that it is serving the evolved relay UE and then it can deliver the paging message for evolved remote UE to evolved relay UE through dedicated signalling. The other eNBs that receive the paging for evolved remote UE still needs to follow the legacy paging procedure. Upon receiving the paging message for evolved remote UE, the evolved relay UE sends paging to evolved remote UE through unicast sidelink communication. The detailed signalling procedure is illustrated in Figure 2.


Figure 2 paging of RRC_IDLE evolved remote UE for dynamic pair scenario
When it comes to the semi-static pair scenario, the MME stores the pairing info of evolved remote UE and evolved relay UE. When the MT traffic for evolved remote UE arrives to the SGW, the MME know 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 directly to the serving eNB of evolved relay UE. The serving eNB of evolved relay UE could also 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 through unicast sidelink communication (evolved remote UE connects with evolved relay UE) or through broadcast sidelink communication / discovery (no PC5 connection). On the other hand, if the evolved relay UE is in RRC_IDLE state, the MME needs to page the evolved relay UE first. MME may trigger the eNB to page the evolved relay UE through legacy paging procedure except that the paging for evolved relay UE contains paired evolved remote UE data arrival indication as shown in Figure 3. Upon receiving the paging message contains paired evolved remote UE data arrival indication, the evolved relay UE sends paging to evolved remote UE through unicast sidelink communication (evolved remote UE connects with evolved relay UE) or through broadcast sidelink communication /discovery (no PC5 connection).


Figure 3 paging of RRC_IDLE evolved remote UE and RRC_IDLE relay for semi-static pair scenario
When evolved remote UE receives the paging info from evolved relay UE, it can initiate the RRC connection setup and performs the service request procedure. After that, the SGW could deliver the data packet to the evolved remote UE. In this way, the out of coverage RRC_IDLE evolved remote UE is reachable by the network under different pairing scenarios. As a matter of fact, the aforementioned paging schemes for the out of coverage RRC_IDLE evolved remote UE could also apply to the in coverage RRC_IDLE evolved remote UE if the RRC_IDLE evolved remote UE does not want to receive the paging directly from eNB.
Proposal 4: RAN2 is suggested to consider the paging schemes of RRC_IDLE evolved remote UE for different coverage and pairing scenarios.
Conclusion
In this paper, we first discussed the additional coverage scenarios that should be considered in R14 feD2D. Then we analyzed two pairing scenarios of evolved remote UE and evolved relay UE pair. Finally we analyzed the reachability of evolved remote UE under different coverage and connectivity scenarios. And we have the following observations and proposals:
Proposal 1: RAN2 is suggested to study the evolved remote UE and evolved relay UE in coverage of multiple cells of the same eNB scenario. The scenario that evolved relay UE and evolved remote UE served by multiple eNBs scenario is better to be excluded.
Observation 1: In R13 UE-to-Network Relay, the remote UE could tell if the selected relay UE is served by the same cell or the same eNB by the aid of ECGI broadcast of relay UE. The ECGI broadcast mechanism could be leveraged in R14 feD2D.
Proposal 2: Two evolved remote UE and evolved relay UE pair scenarios should be considered: dynamic pair and semi-static pair. 
Proposal 3: The dynamic pair is established when evolved remote UE connects with evolved relay UE. And the semi-static pair is established through NAS procedure.
Proposal 4: RAN2 is suggested to consider the paging schemes of RRC_IDLE evolved remote UE for different coverage and pairing scenarios.
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