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Introduction
At RAN2#96, it was agreed that legacy PC5 link establishment procedure will be used as a baseline for feD2D PC5, and RAN2 can study if RAN2 specific enhancements are needed. Related agreements captured in TR 36.746 [1] as below:
	In order for evolved ProSe Remote UE to communicate with the network via evolved ProSe UE-to-Network Relay UE, it is necessary to establish connection between evolved ProSe Remote UE and evolved ProSe UE-to-Network Relay UE. For PC5, “PC5 Signalling Protocol" is assumed to be used for establishing a secure connection and the legacy connection establishment procedure is assumed to be used. 
Editor’s Note: RAN2 can study RAN2 specific enhancements related to connection establishment for power consumption purposes.


In this contribution, we will discuss potential power consumption issues related to PC5 link connection establishment and maintenance, and give our considerations and proposals.
Discussion
As captured in TR 36.746, PC5 Signalling Protocol is assumed to be used for establishing a secure connection and the legacy connection establishment procedure is assumed to be used to establish connection between evolved remote UE and evolved relay UE in feD2D. 
In Rel-13, after PC5 connection is established, the PC5 link keepalive procedure is used to maintain the direct link between two ProSe-enabled UEs, i.e. check that the link between the two UEs is still viable. Specifically, remote UE manages a keepalive timer and starts/restarts it when receiving a PC5 signaling message or user plane data from relay UE. If the keepalive timer expires, the remote UE sends a keepalive message to the relay UE. Upon receiving the keepalive message, the relay UE responses with a keepalive_ack message. If the remote UE hasn’t received the keepalive_ack message in a certain time, it shall retransmit the keepalive message. Until reaching the max number of retransmissions, the remote UE initiates PC5 link release procedure with release reason “direct connection is not available any more”. The relay UE manages an inactivity timer and starts/restarts it when receiving keepalive message or transmitting/receiving data traffic to/from the remote UE. If the inactivity timer expires, the relay UE may also initiate PC5 link release procedure [2]. 
As we can see, legacy PC5 maintenance procedure is not power efficiency since remote UE/relay UE needs to monitor potential traffic from the peer UE all the time until PC5 direct link between them is released explicitly or implicitly. For power efficiency purpose of feD2D requirement, enhancements of PC5 link connection for power efficiency need to be considered.
Observation 1: Legacy PC5 connection maintenance procedure is not power efficient.
Power efficiency for PC5 connection
LTE supports Discontinuous reception (DRX) for UE in order to conserve UE power. UE/eNB may initiate the DRX mode when there is no packet to be sent or received. During this mode, the UE does not listen to the DL all the time, but wakes up periodically to listen to the DL transmissions from eNB. When UE is not listening to the DL transmission, most of its circuitry is turned off. In this way, lower power consumption is achieved and the battery life of UE is extended. With regard to sidelink communication, suppose the evolved remote UE’s DL packets forwarded by linked evolved relay UE only arrive occasionally, it is not necessary for the evolved remote UE to monitor the PC5 direct link all the time. Instead, PC5 can be enhanced with DRX behaviour for evolved remote UE to reduce the power consumption. The legacy DRX design applies for both RRC_IDLE and RRC_CONNECTED state. That is, the DRX takes effect no matter the UE sets up the RRC connection with eNB or not. Similarly, two scenarios of PC5 DRX can be considered, that is, evolved remote UE has established PC5 connection with evolved relay UE and PC5 connection between them is released. In this section, we will discuss the two scenarios of PC5 DRX for evolved remote UE respectively.
· PC5 DRX for evolved remote UE linked with evolved relay UE
After the PC5 connection between evolved remote UE and evolved relay UE is set up, the evolved remote UE can receive or send data packet to the evolved relay UE. However, if the evolved remote UE receives nothing or has no data to transmit within the configured inactivity timer, it may enter sleep/inactivity state. Later the evolved remote UE wakes up periodically to monitor the PC5 link. PC5 DRX activity/inactivity state transition of evolved remote UE is shown in Figure 1. During this procedure, the evolved remote UE continues to maintain PC5 connection with the evolved relay UE and evolved relay UE stores the evolved remote UE’s context. 


Figure 1 PC5 DRX activity/inactivity state transition of evolved remote UE
As we can see, with PC5 DRX, it is not necessary for evolved remote UE to monitor PC5 link all the time, therefore the power consumption of evolved remote UE can be reduced. Furthermore, if evolved remote UE has no data to transmit for a long time and no MT traffic is expected, the PC5 connection between evolved remote UE and evolved relay UE can be released.
· PC5 DRX for evolved remote UE not linked with evolved relay UE
If evolved remote UE has no data to transmit or receive for a certain period, either evolved remote UE or evolved relay UE can release PC5 connection with the peer UE. In this case, the evolved relay UE releases the evolved remote UE’s context correspondingly. However, the evolved remote UE may be still in RRC_IDLE state. Suppose the PC5 DRX is supported in this case, the evolved remote UE may wake up periodically to monitor the system information for potential relay reselection. Meanwhile, the evolved remote UE may try to receive paging from the selected evolved relay UE. For doing this, both the MME and evolved relay UE should have knowledge of the associate relationship between evolved remote UE and evolved relay UE and evolved relay UE should help to forward the paging for evolved remote UE. It should be noted that the fundamental idea for the Uu DRX for RRC_IDLE UE together with the tracking area is try to avoid the power consumption for frequent HOs when UE moves from one cell to another. Considering that the evolved remote UE usually does not move (IoT device) or move together with evolved relay UE (wearable device), the support of PC5 DRX for evolved remote UE not linked with evolved relay UE is not as necessary as Uu DRX for RRC_IDLE UE.
In a sum, the PC5 DRX does reduce evolved remote UE’s power consumption for PC5 connection maintenance. RAN2 is suggested to consider the further study of PC5 DRX mechanism. For the two PC5 DRX scenarios mentioned before, DRX for evolved remote UE linked with evolved relay UE should be studied as a baseline. Whether the PC5 DRX for evolved remote UE not linked with evolved relay UE should be studied needs further investigation. 
Proposal 1: RAN2 is suggested to consider the PC5 DRX mechanism for evolved remote UE for power efficiency. 
Proposal 2: DRX for evolved remote UE linked with evolved relay UE should be studied as a baseline. 
Proposal 3: Whether the PC5 DRX for evolved remote UE not linked with evolved relay UE should be studied needs further investigation.
PC5 DRX configuration
In order to support the PC5 DRX of evolved remote UE, the evolved relay UE should have knowledge of the PC5 DRX configuration of evolved remote UE so that the evolved relay UE could perform the Discontinuous transmission (DTX) over PC5. Evolved remote UE may negotiate with the evolved relay UE for DRX configuration on the PC5 link. Figure 2 shows an example procedure of PC5 DRX configuration. The evolved remote UE may send power saving indication to evolved relay UE during or after PC5 connection establishment. Upon receiving the indication, evolved relay UE configures PC5 DRX parameters (such as inactivity timer, on duration timer, drx cycle, subframe offset) for evolved remote UE and sends them to evolved remote UE. Then evolved remote UE performs PC5 discontinuous reception according to the PC5 DRX configuration. As we can see, PC5 AS signalling needs to be designed to support PC5 DRX configuration of evolved remote UE. Alternatively, evolved relay UE can inform eNB of power efficiency indication of evolved remote UE and forward the eNB configured PC5 DRX configuration to evolved remote UE. 


Figure 2 Procedure of PC5 DRX configuration for evolved remote UE
Proposal 4: PC5 AS signalling should be designed to support the PC5 DRX configuration of evolved remote UE.
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Conclusion
In this paper, we presented some considerations on PC5 link connection and maintenance for power consumption. And we have the following observations and proposals: 
Observation 1: Legacy PC5 connection maintenance procedure is not power efficienct. 
Proposal 1: RAN2 is suggested to consider the PC5 DRX mechanism for evolved remote UE for power efficiency. 
Proposal 2: DRX for evolved remote UE linked with evolved relay UE should be studied as a baseline. 
Proposal 3: Whether the PC5 DRX for evolved remote UE not linked with evolved relay UE should be studied needs further investigation.
Proposal 4: PC5 AS signalling should be designed to support the PC5 DRX configuration of evolved remote UE.
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