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1	Introduction
RAN2#95 made the following agreements for feD2D power consumption requirements:
4.2.1.3	Requirement 3 – Power consumption
As a primary requirement, under the defined scenarios, use cases, and traffic models the relay solution shall allow for decrease in power consumption of Evolved ProSe Remote UE when using indirect 3GPP connection as compared to direct 3GPP connection.
As a secondary requirement, under the defined scenarios, use cases, and traffic models negative impact on power consumption in the Evolved ProSe UE-to-Network Relay should be minimized.
WRT scenarios, deployment scenarios were agreed with the following accompanying text:
	· In Scenario 2, the remote UE can initiate establishing a “connection” to the relay.
· In Scenario 2, the network can initiate establishing a “connection” between the remote UE and the relay UE.  It is FFS if the network needs some “prior knowledge” of the relationship between the remote UE and the relay UE.
Editor’s Note: The nature of such “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.  It is FFS if the network can use some “prior knowledge” of the relationship between the remote UE and the relay UE.
· It can be considered if there should be further restrictions on the network initiated cases.
The remote UE is not required to be in RRC_CONECTED 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 some form of connected mode.
Editor’s Note: A definition of “paired” is needed to clarify the meaning of the above items.
When used to describe the remote UE, RRC_CONNECTED means that the UE has a context in the eNB.  The remote UE behaviour in RRC states is FFS.



In this contribution we provide our view on required PC5 enhancements to allow power efficient link maintenance
2	Discussion
2.1	PC5 Maintenance

In Rel-13 the ProSe protocol [1] introduced a keepalive procedure including keepalive message sent by a Requesting UE followed by a keepalive ack sent by the Peer UE. However it was already identified by several companies that such a procedure could be power inefficient and a Rel-14 maintenance procedure may need to be introduced. Furthermore the Rel-13 keepalive mechanism is performed at the NAS layer to facilitate application based decisions while a Rel-14 feD2D PC5 maintenance procedure may be required at the AS level to facilitate AS based decision such as if to preform paging relay or not.
Proposal 1:	RAN2 to study AS level PC5 maintenance procedure.
In idle mode, the remote UE may benefit from knowing the sidelink availability status. The benefit is most obvious for eRemote UE operating CE since it allows the eRmote UE to stop monitoring paging over Uu with repetitions. The eRelay UE could also save power if it knew the sidelink status by not monitoring paging for the eRemote UE and by halting the PC5 monitoring however that would require the eRemote UE to transmit periodically which is unacceptable for eRemote UE power consumption. 
Proposal 2: 	at least eRemote UE is not required to transmit periodically over PC5 for Rel-14 sidelink availability status monitoring during RRC_IDLE. 
In the rest of the present contribution we assume PC5 maintenance consists of eRelay UE periodic transmissions and eRemote UE monitoring the eRelay UE transmissions of status monitoring messages. Since the status monitoring messages are initiated by the AS, we can consider reusing discovery messages for this purpose. 
At least During RRC_IDLE the discovery messages could be sent in mode 2 only, but the eRelay UE and the eRemote UE may be mobile and camped on different cells or the eRemote UE may be OOC. Camping on different cells could happen even if the UEs are in proximity especially if e.g. the eRelay UE is of CAT-1 or above and the eRemote UE is of CAT-M and served by a dedicated cell. In such situation, the eRelay UE and the eRemote UE may acquire different SI with different resource pool allocation (TBD).
There could be several solutions for this problem. SI forwarding was proposed however it leads to egg chicken situation i.e. on which PC5 resources is the SI forwarded? Perhaps a better approach is to define a L2 NW-to-UE relay communication maintenance pool. L2 NW-to-UE relay communication maintenance pool is defined by the NW for more than a single cell, e.g. it may be defined for all the cells supporting L2 UE-to-NW relay in a tracking area. This method would allow the Remote UE and the Relay UE to communicate over the L2 NW-to-UE relay communication maintenance pool even after cell reselection and even when camped on different cells.
Proposal 3: 	a L2 NW-to-UE relay communication maintenance pool is defined by the NW for more than a single cell.
It would be beneficial if the sidelink communication conducted for the status monitoring purpose is done at the same opportunity the UEs are anyway “awaken” for another purpose i.e. for PO monitoring. Therefor L2 NW-to-UE relay communication maintenance pool may define resources (for Rx/Tx) which are adjacent (in time) to the Remote UE Paging Occasions. In other words, the sidelink is enhanced with DRX like behaviour which is aligned with the Uu DRX behaviour. Since it is desired for the “PC5 DRX” to be aligned with both Remote UE DRX and Relay UE DRX the Relay UE needs to have Remote UE paging occasion alignment. 
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Figure 1: sidelink Remote UE monitoring
Figure 1 illustrates the sidelink DRX alignment with the Uu Idle mode DRX of both the Relay UE and the Remote UE. It is assumed here that Relay UE is e.g. a smartphone which is configured with IDRX and relatively frequent POs and the Remote UE is e.g. a WD configured with IDRX and less frequent PO. Figure 1 could also apply for e.g. a WD configured with IeDRX but then the figure captures only the time where the WD has periodic POs according to the IeDRX configuration i.e. only during the PTW. PO alignment is described in [2]
Both eRelay UE and eRemote UE gain from the IDRX aligned sidelink availability status monitoring. 
eRelay UE power consumption gain comes first from minimizing the “waking up” to the same occasions the UE is already “waken up” for its own PO monitoring and the number of “waking” occasions does not scale up with the number of supported eRelay UEs. The number of transmitted discovery signals is also minimized since all the eRemote UEs are aligned to receive them on the same occasions.
For the eRmote UE the IDRX alignment allows the sidelink availability status monitoring to be in the same granularity as the eRemote IDRX cycle (and the IeDRX cycle). It was already proposed in [2] that the Remote UE is not required to monitor the Uu channel for paging as long as the short range link is available. IDRX alignment provides additional power consumption gain since without it the UE will need to “wake up” more frequently for two reasons:
1. IDRX cycle is cut in half: 
The IDRX cycle T is defined to be as long as the application requirement can allow. But if we rely on unaligned paging relay opportunity then in the worst case the paging arrives at the eRelay UE just after the paging relay opportunity and then the paging is received after 2T. But the application requirement is T so we have to configure IDRX cycle to be T/2
1. Loss of paging due to stale PC5 availability knowledge.
If the PC5 link is known to be available in the last unaligned status monitoring occasion then in the worst case a complete DRX (or eDRX) cycle had passed since, and the PC5 may be not available now. However the remote UE rely on the PC5 availability and does not monitor Uu for paging. Without alignment the only remedy could be to increase the PC5 monitoring frequency with more “wake ups” for the Remote UE.
Proposal 4: 	RAN2 to consider sidelink Remote UE monitoring with IDRX alignment.
The maintenance framework could be used as the skeleton on which MT traffic establishment, including paging relay and MO traffic establishment is built on. MT traffic establishment is described in [2] in the following section we explore MO communication establishment
2.2	MO communication establishment
MO communication establishment need to be defined to satisfy deployment Scenario 2. Also in Scenario 3, for eRemote UE running application with short burst of data (e.g. a tracker device) and in particular for eRemote UEs operating CE the connection establishment phase may be more power consuming then actual relay communication of the short burst. 
If the eRemote, running the monitoring procedure described above considers the sidelink status to be available, it can try to establish a relay connection via the eRelay UE. On the other hand, the eRelay UE need to provide communication request opportunities for eRemote UEs it support. For the eRelay UE It would be less power consuming if the connection request opportunities are provided for all the supported eRemote UE together and in an adjacent time to the eRelay UE PO when the eRelay UE is already “waken up”. 
The same principles of the monitoring procedure could be utilized. The connection establishment opportunities are provided on sidelink resources from the L2 NW-to-UE relay communication maintenance pool and these resources could be aligned (in time) with the PO of the eRelay UE and the eRemote UEs.
 The overall procedure of MO traffic establishment on top of PC5 maintenance is illustrated in figure 3
 [image: ]
Figure 3: MO traffic establishment 

Proposal 5: 	RAN2 to study if it is beneficial for eRemote UE power consumption and if it is acceptable for eRelay UE power consumption to support MO connection establishment procedure based on periodic communication opportunities
3	Conclusion
Proposal 1:	RAN2 to study AS level PC5 maintenance procedure.
Proposal 2: 	at least eRemote UE is not required to transmit periodically over PC5 for Rel-14 sidelink availability status monitoring during RRC_IDLE. 
Proposal 3: 	a L2 NW-to-UE relay communication maintenance pool is defined by the NW for more than a single cell.
Proposal 4: 	RAN2 to consider sidelink Remote UE monitoring with IDRX alignment.
Proposal 5: 	RAN2 to study if it is beneficial for eRemote UE power consumption and if it is acceptable for eRelay UE power consumption to support MO connection establishment procedure based on periodic communication opportunities
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