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1 Introduction
Paging for the enhanced Remote UE is a critical part of the control plane design for the enhanced Relay. In this contribution, we discuss the paging design options for both unidirectional relay and bi-directional relay.
2 Discussion 
2.1 Unidirectional Relay
For wearables in commercial use cases defined in [1], it is well expected that the relay link is a short-range communication link (via PC5, Wi-Fi, or Bluetooth, etc.). Thus, the remote UE (wearable) is not far away from its relay (companion device) when a relay is used. It is very rare that the wearable is out of coverage and the companion device (smartphone) is in-coverage. So, the uni-directional relay is perfect to be used for this commercial use case to particularly improve the remote UE’s UL performance, while all the DL traffic to remote UE are still via a direct Uu interface. Of course, in this case, if the eRemote UE is in RRC_IDLE state, the paging of such an eRemote UE is done via Uu interface with the legacy LTE paging procedures.
From the implementation perspective, an eRelay may be capable of acting both as unidirectional relay and bi-directional relay as it can support bi-directional traffic via the short-range communication connection it supports. But that does not justify a removal of eRemote UE’s capability to receive paging via Uu interface, especially when an eRemote UE may not have the RX capability of short-range communication to save the cost and power consumption.
Proposal 1: Paging via Uu shall be used for in-coverage eRemote UEs associated with a unidirectional relay.
2.2 Bidirectional Relay
When eRemote UE is associated with a Bi-directional relay, we then consider two use scenarios:
· Scenario 1: Both eRemote UE and its associated bidirectional eRelay are in-coverage of E-UTRAN;

· Scenario 2: eRemote UE is out-of-coverage, but its associated eRelay UE is in-coverage of E-UTRAN.

As discussed in section 2.1, for commercial use case, Scenario 1 is the most common case. For this scenario, there is no need for UE to be paging via eRelay when paging via Uu is feasible. There is no benefits to paging via a relay. Instead, it incurs additional delay and extra signaling overhead by letting the relay to intercept the paging information and re-transmit it to the remote UE via the short-range communication interface.
Proposal 2: Paging via Uu shall be used for in-coverage eRemote UEs associated with a bidirectional relay.
But for public safety use cases, Scenario 2 needs to be supported, too. In this case, the only viable option is to paging via the eRelay. 

Proposal 3: Paging via eRelay shall be used for out-of-coverage eRemote UEs associated with a bidirectional relay.

Regarding the two options (Solution 2 and Solution 3) described in [2], we think it is not worth to optimize eNB for this infrequent case. The POs for remote UE and relay UE can be kept as separate PO and the relay UE shall wake up more frequently to listen to both PO(s).  As this is mainly for public safety use cases, the extra power consumption in the eRelay UE is well justified. To support Solution 3 in [2], the eNodeB needs to know the relationship between relay UE and the remote UE, which has two shortcomings:
· it does not work in the bootstrap case when remote UE is out-of-coverage and the eNodeB does not know its association to the eRelay UE. This is because the best way to convince the eNB that there is an ongoing trust relationship between eRelay and eRemote is to have data relayed over user plane for eRemote UE by eRelay. But to trigger the user plane data flow, a paging message needs to reach the eRemote UE in the first place. So, there is a “chicken and egg” problem in this option. So it cannot be used to replace Solution 2 in all the scenarios.
· Additional signaling overhead are needed to convey the relay associated and relevant parameters (e.g. whether the eRemote is still in proximity or not) to the eNodeB to activate/deactivate the mechanism to co-locate or combine the paging for eRemote UE and eRelay UE.

· This will introduce additional delay when UE waits to piggyback the paging message for the remote UE to the next POs destined to the relay UE.

Proposal 4: eNodeB shall be kept transparent to the paging via eRelay scheme.
The eRelay UE shall start intercept the paging of eRemote UE, only when the following two conditions are met:
a) The eRemote UE is within the communication range of the eRelay

b) The eRemote UE is out of coverage of E-UTRAN.

If any of the above conditions is not satisfied, then there is no need to let the eRelay UE to help paging the eRemote UE. To check the above two conditions, the discovery mechanism over PC5 can be used. So, if a eRemote UE and eRelay UE are associated, and the discovery results shows that the eRemote UE is within the proximity and out-of-coverage, then the eRelay UE shall start listen to the paging of the eRemote UE by eNodeB.
Proposal 5: Paging via eRelay is only used when eRemote UE is determined to be within the range of eRelay and the eRemote UE is out of coverage of E-UTRAN.   

3 Conclusion

In this contribution, we analyze different paging scenarios for FeD2D and provide the following design proposals:

Proposal 1: Paging via Uu shall be used for in-coverage eRemote UEs associated with a unidirectional relay.

Proposal 2: Paging via Uu shall be used for in-coverage eRemote UEs associated with a bidirectional relay.
Proposal 3: Paging via eRelay shall be used for out-of-coverage eRemote UEs associated with a bidirectional relay.

Proposal 4: eNodeB shall be kept transparent to the paging via eRelay scheme.

Proposal 5: Paging via eRelay is only used when eRemote UE is determined to be within the range of eRelay and the eRemote UE is out of coverage of E-UTRAN.   
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