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1	Introduction
The following agreements were captured in a TP for TR 36.746 [1]
In this contribution we provide our view on required enhancements to allow power efficient relay discovery, sidelink maintenance and connection establishment.5.1.2.1	Discovery and connection establishment procedure
Discovery is defined as the process that detects and identifies another UE in proximity. For PC5, legacy relay discovery procedure is assumed to be used as a baseline. The legacy discovery physical channel is assumed to be used and the size of the discovery message is assumed to be fixed to 232 bits as the legacy discovery message size.
Editor’s Note: RAN2 can study if additional enhancements to the relay discovery procedure are needed.  
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.  

2	Discussion
2.1	Rel-13 relay connection Discovery & Establishment Procedures
In [1] it is specified that “After being connected to the ProSe UE-to-Network Relay, the Remote UE keeps performing the measurement of the signal strength of the discovery message sent by the ProSe UE-to-Network Relay (i.e. the UE-to-Network Relay Discovery Announcement message in Model A or a UE-to-Network Relay Discovery Response message in Model B) ”
Rel-13 PC-5 protocol also 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 new maintenance procedure may need to be introduced for feD2D. 
There are several drawbacks to the keepalive procedure. First, it is bidirectional, symmetric 1 to1 procedure, which means that not only the evolved ProSe UE-to-NW Relay but also the evolved ProSe UE-to-NW Remote have to engage in sidelink transmission even if the evolved ProSe UE-to-NW Remote has no data to transmit which is contradicting the power saving motivation. Also, 1 to 1 maintenance procedure could be very challenging and inefficient in scenarios of a single Relay UE supporting multiple Remote UEs. Furthermore the Rel-13 keepalive mechanism is performed at the NAS layer to facilitate NAS and application based decisions while feD2D sidelink maintenance procedure should have at least some AS level affinity to facilitate AS based decision and AS based power saving.
We actually think the concept of sidelink maintenance based on discovery messages could be reused for evolved ProSe UE-to-NW relay, and explore possible AS enhancements in the next sections. 
2.2	Sidelink Maintenance
In this section we assume the evolved ProSe UE-to-NW Remote UE and the evolved ProSe UE-to-NW Relay UE have already preformed initial discovery e.g. by following the legacy discovery procedure and analyse possible enhancements for power efficient sidelink maintenance.
2.2.1	Maintanence scheme & Sidelink DRX
In idle mode, the evolved ProSe UE-to-NW Remote UE AS may benefit from knowing the sidelink availability status since legacy idle procedures could be replaced with power efficient L2 evolved ProSe UE-to-NW relay based procedures. The benefit is most obvious for evolved ProSe UE-to-NW Remote UE operating CE since it allows the  evolved ProSe UE-to-NW Remote UE to stop monitoring paging over Uu with repetitions. 
Observation 1:	it is beneficial for the evolved ProSe UE-to-NW Remote UE to maintain a short range link availability status.
If we consider the NW is always updated with the availability status of the short range link, e.g. as a prior knowledge for the relayed paging procedure, we quickly realize the evolved ProSe UE-to-NW Relay UE (or worse, the evolved ProSe UE-to-NW Remote UE) needs to perform full connection establishment procedure upon each short range status change which would result with significant power waste. This is clearly undesired and contradicts Requirement 3 for power consumption optimization
Proposal 1: 	The NW prior knowledge does not include the short range link level availability status between the evolved ProSe UE-to-NW Remote UE and the evolved ProSe UE-to-NW Relay UE.
The evolved ProSe UE-to-NW Relay UE could also save power if it knew the sidelink status by not monitoring paging for the evolved ProSe UE-to-NW Remote UE and by halting the sidelink monitoring however that would require the evolved ProSe UE-to-NW Remote UE to transmit periodically which could be considered unacceptable for the evolved ProSe UE-to-NW Remote UE power consumption
In order not to degrade the evolved ProSe UE-to-NW Remote UE power consumption, we need to provide it with at least the same sleep opportunity during idle mode as in legacy procedures, which means that the eRmote UE would have discontinues reception (and transmission) over sidelink during idle mode sidelink maintenance. The sidelink DRX length is ultimately derived from the same limitations as of the Uu IDRX, that is, the expected response time from the evolved ProSe UE-to-NW Relay UE application. A WD e.g. a smartwatch could be configured with few hundreds of ms of sidelink DRX and a tracking device could be configured with few seconds or even minutes of sidelink DRX.
Proposal 2:		evolved ProSe UE-to-NW Relay UE in RRC_IDLE is configured with IDRX like mechanism over the sidelink. 
It should be noted that sidelink DRX while in RRC_CONNECTED was also proposed and the above proposal does not preclude it.
2.2.2	Sidelink maintenance resource pool
At least During RRC_IDLE the maintenance discovery messages could be sent in mode 2 resource allocation only, but the evolved ProSe UE-to-NW Relay UE and the evolved ProSe UE-to-NW Remote UE may be mobile and camp on different cells or the evolved ProSe UE-to-NW Remote UE may be OOC and unaware of the resource pool allocation as broadcast in SIB.  Camping on different cells could happen even if the UEs are in proximity especially if e.g. the evolved ProSe UE-to-NW Relay UE is of CAT-1 or above and the evolved ProSe UE-to-NW Remote UE is a BL UE and served by a dedicated cell. In such situation, the evolved ProSe UE-to-NW Relay UE and the evolved ProSe UE-to-NW Remote UE may acquire different SI with different resource pool allocation. 
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 an evolved ProSe L2 UE-to-Network relay maintenance pool. The evolved ProSe L2 UE-to-Network relay maintenance pool is defined by the NW for more than a single cell, e.g. it may be defined for all the cells supporting evolved ProSe L2 UE-to-Network relay in a tracking area. This method would allow the Remote UE and the Relay UE to communicate over evolved ProSe L2 UE-to-Network relay maintenance pool even after cell reselection and even when camped on different cells.
Proposal 3:	An evolved ProSe L2 UE-to-Network relay 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.
2.2.3	IDRX & Sidelink DRX alignment
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Figure 2: DRX aligned sidelink monitoring
Figure 2 illustrates the sidelink DRX alignment with the Uu Idle mode DRX of both the Relay UE and the Remote UE. The time alignment is performed at two levels. First the PO of the evolved ProSe UE-to-NW Relay UE and the PO of the evolved ProSe UE-to-NW Remote UEs are aligned, then there is also alignment of the sidelink communication DRX with the Uu DRX and according to this aligned timing the sidelink maintenance is perform.
In figure 2 the evolved ProSe UE-to-NW Relay UE is e.g. a smartphone which is configured with IDRX and relatively frequent POs and the evolved ProSe UE-to-NW Remote UE is e.g. a WD configured with IDRX and less frequent PO. Figure 2 could also apply for 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. 
Both evolved ProSe UE-to-NW Relay UE and evolved ProSe UE-to-NW Remote UE gain from the IDRX aligned sidelink availability status monitoring. UE returning from IDRX “sleep” back to activity undergo series of activities such as HW/FW bring up, SW stack reloading, NW synchronization and SI acquisition which may consume more power than the actual sidelink monitoring. 
evolved ProSe UE-to-NW Relay 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 evolved ProSe UE-to-NW Relay UEs. The number of transmitted discovery signals is also minimized since all the evolved ProSe UE-to-NW Remote UEs are aligned to receive them on the same occasions.
Observation 2:	The evolved ProSe UE-to-NW Relay power consumption is optimized and scalable with the number of evolved ProSe UE-to-NW Remote UEs if sidelink DRX alignment is applied for the group of evolved ProSe UE-to-NW Relay UE and the evolved ProSe UE-to-NW Remote UEs it is associated with 
For the evolved ProSe UE-to-NW Remote UE the IDRX alignment allows the sidelink availability status monitoring to be in the same granularity as the evolved ProSe UE-to-NW Remote IDRX cycle (and the IeDRX cycle). It was already proposed above 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 evolved ProSe UE-to-NW Remote UE will need to “wake up” more frequently for two reasons:
1. Paging delay increases  
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 evolved ProSe UE-to-NW Relay 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.
Observation 3:	Without IDRX & Sidelink DRX alignment, sidelink DRX cycle is reduced at least by the factor of 2
IDRX PO alignment could be achieved as long as
· The IDRX cycle of the evolved ProSe UE-to-NW Remote UE is equal or a multiplication of the evolved ProSe UE-to-NW Relay UE IDRX cycle
· The UE_ID used for PO offset calculation is replaced with a new ID which is common for the evolved ProSe UE-to-NW Relay UE(s) and the evolved ProSe UE-to-NW Remote UEs
· nB value is common for evolved ProSe UE-to-NW Remote UE and evolved ProSe UE-to-NW Relay UE
The new ID could be based e.g. on the evolved ProSe UE-to-NW Relay IMSI (or UE_ID) or a combination of the evolved ProSe UE-to-NW Remote & the evolved ProSe UE-to-NW Relay IMSI. Using the Relay IMSI i.e. aligning on the Relay POs might be considered straight forward. The benefit of the second approach, i.e. deriving the new ID from all the group of associated UEs is the ability to support a scenario where an evolved L2 Remote UE is associated with more than a single evolved L2 Relay.
IeDRX alignment can offer even further power saving for both the evolved ProSe UE-to-NW Relay and  the evolved ProSe UE-to-NW Remote UE since sidelink maintenance would take place only during the PTW.
2.2.4	Power Model results for Sidelink Maintenance
In table 1 below we show a power model results for idle evolved ProSe UE-to-NW Remote Wearable Device (WD) UE power consumption while there is no data transmission. Results are given for the cases of WD in Normal Coverage, WD in Coverage enhancement and WD relying on paging relay, i.e. performing sidelink maintenance. Three different flavours of maintenance schemes are provided for sidelink maintenance. Sidelink maintenance based on rel-13 keepalive procedure, Sidelink maintenance based on Model A discovery messages and Sidelink maintenance based on Model A discovery messages with aligned DRX configuration. 
A general idle mode cycle is modelled with a (re)synchronisation phase, PO acquisition and a sleep period. It is assumed that the WD is configured with IDRX or with an equivalent DRX like mechanism over the sidelink. Results are provided in Power Units (PU), further power model assumptions are given in Annex A. 

	 
	 
	Rx Time (ms)
	Tx Time (ms)
	sleep time (ms)
	Avg Pwr (mPU)

	Idle WD in Normal Coverage
	12
	0
	1263
	10.36

	Idle WD in CE
	192
	0
	1083
	150.84

	Idle WD w/ sidelink relay & keepalive
	11
	1
	623
	20.50

	Idle WD w/ sidelink relay 
	11
	0
	624
	18.16

	Idle WD w/ sidelink relay aligned
	11
	0
	1264
	9.58


Table 1: evolved ProSe UE-to-NW Remote Power Consumption, no traffic
In table 2 we show the evolved ProSe UE-to-NW Relay power consumption. As a baseline we show the evolved ProSe UE-to-NW Relay UE when not engaged in paging relay and compare it to the evolved ProSe UE-to-NW Relay power consumption when supporting paging relay for 4 remote UEs both with DRX unaligned flavour as well as for the DRX aligned flavour. 
	 
	 
	Rx Time (ms)
	Tx Time (ms)
	sleep time (ms)
	Avg Pwr (mPU)

	Idle eRelay
	12
	0
	303
	38.44

	idle eRelay + unaligned eRemote UEs
	56
	4
	255
	194.55

	idle eRelay + aligned eRemote UEs
	12
	1
	302
	43.13


Table 2: Evolved ProSe UE-to-NW Relay consumption, no traffic
As expected, there is a significant power consumption difference if the WD operating CE  is using relayed paging instead.
Observation 4:	Relayed paging introduces a significant power saving for a WD in CE
Between the three flavours of evolved ProSe UE-to-NW Remote sidelink maintenance scheme the worst results are given for the WD using the Rel-13 keepalive mechanism.
Observation 5:	For WD in Normal Coverage, sidelink maintenance based on Rel-13 keepalive procedure is power inefficient. 
Proposal 4: 	evolved ProSe UE-to-NW Remote UE is not required to engage in sidelink transmission for sidelink maintenance. Sidelink maintenance could be based on e.g. Model A discovery messages sent from the evolved ProSe UE-to-NW Relay UE
Surprisingly the WD performing sidelink maintenance based on discovery Rx only does not show much better results than the WD preforming Rel-13 keepalive based maintenance and actually only the aligned flavour outperform the normal-coverage non-relayed WD. To understand these results we need to acknowledge that the most significant factor of the total power consumption is the length of the UE sleep.
For evolved ProSe UE-to-NW Relay UE, without sidelink DRX alignment, the power consumption increases linearly with each additional associated evolved ProSe UE-to-NW Remote UE. However with sidelink DRX alignment the increase in power consumption is scalable and kept relatively small. This is since the sleeping opportunity for the evolved ProSe UE-to-NW Relay UE remains more or less the same.
Observation 6:	Sidelink DRX alignment introduces significant power saving for both the evolved ProSe UE-to-NW Remote UE and the evolved ProSe UE-to-NW Relay UE
Proposal 5:	Sidelink resources for evolved UE-to-Network relay maintenance are aligned for the group of evolved ProSe UE-to-NW Relay UE and the evolved ProSe UE-to-NW Remote UEs it is associated with. 
Proposal 6: 	Sidelink resources for evolved UE-to-Network relay maintenance are aligned with the PO of the group of evolved ProSe UE-to-NW Relay UE and the evolved ProSe UE-to-NW Remote UEs it is associated with.
2.3	Paging Relay and Relay establishment
2.3.1	Paging relay scheme
When considering the relayed paging procedure, it was already proposed that the NW may use either the evolved ProSe UE-to-NW Relay UE PO or the evolved ProSe UE-to-NW Remote UE PO [3], [4]. 
Paging on the evolved ProSe UE-to-NW Remote PO has a clear benefit of being transparent to the NW when paging needs to be sent i.e. the NW always page the WD on its configured PO either if relayed paging is used or not and the evolved ProSe UE-to-NW Relay UE would need to monitor the evolved ProSe UE-to-NW Remote UE PO. Since we desire to to reduce the number of “wake-ups” to minimum we can apply the same time alignment already discussed above to make sure the evolved ProSe UE-to-NW Relay UE monitors  the ProSe UE-to-NW Remote UE PO in the same opportunity it is already monitor its own PO. Again, the PO alignment solution is scalable and  no extra ‘wakes-up’ are added for the evolved ProSe UE-to-NW Relay UE regardless to the number of Remote UEs it needs to support.
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Figure 3: paging relay based on aligned sidelink monitoring
Figure 3 illustrates relayed paging procedure, where the NW is paging the evolved ProSe UE-to-NW Remote UE ID on the aligned evolved ProSe UE-to-NW Relay UE and evolved ProSe UE-to-NW Remote UE PO.
Proposal 7: 	Evolved UE-to-Network Relay UE is monitoring the evolved ProSe UE-to-NW Remote UE paging on PO which are time aligned between the evolved UE-to-Network Relay UE and the evolved ProSe UE-to-NW Remote UE.
2.3.2	Power Model results for a bursty communication cycle
In table 3 below we show a power model results for evolved ProSe UE-to-NW Remote UE WD running a tracker application. The tracker traffic patern consists of a short burst of UL & DL communication with two minutes periodicity. Results are provided for a WD in Normal coverage w/o relay, WD operating CE, WD w/ relayed paging and connection establishment w/ or w/o sidelink DRX alignment.
The communication cycle model starts with a connection establishment phase followed by a short communication burst and then a repeating idle DRX cycles (over the Uu or over the sidelink). CDRX cycles are excluded. Results are provided in Power Units (PU), further power model assumptions are given in Annex A
	
	connection establishment (PU)
	comm (PU)
	Avg Pwr (mPU)

	WD in Coverage
	130
	20.5
	11.6

	WD in CE
	2880
	40
	172.36

	WD w/ relay, unaligned 
	62
	20.5
	18.84

	WD w/ relay, aligned
	62
	20.5
	10.26


Table 3: Evolved ProSe UE-to-NW Remote UE power consumption, periodic short burst
The results provided in table 3 reinforce the observations already made on table 1. The same trends which apply for sidelink maintenance also apply for a typical WD traffic pattern such as of tracker application. It can be seen that a relayed communication introduces a significant power saving for a WD in CE. The results also show again how the sidelink DRX aligned flavor is superior to the unaligned flavor. It can be explained by the nature of the tracker traffic pattern in which the weight of the power consumption during idle cycles is more significant than the power spent during the connection establishment phase and the communication phase.
Further observation can be made for the connection establishment phase. In our analysis we have assumed the evolved ProSe UE-to-NW Relay UE is connecting to the eNB ahead of relaying the paging. This approach allow to minimize the ‘wake up’ time of the evolved ProSe UE-to-NW Remote to minimum and by that cut the power consumption by factor of 2 or more in compare to a legacy RA based connection establishment. Other sidelink based connection establishment approaches may also provide similar power saving gain.
Observation 7:	sidelink based Connection Establishment procedure provides significant power saving gain in compare to RA based connection establishment procedure
Proposal 8: 	RAN2 will specify sidelink based connection establishment. Details of the procedures are FFS
3	Conclusion
In the above contribution we have explored the legacy PC-5 Discovery and establishment procedures and possible enhancements for these procedure at the AS layer. In the discussion we have made the following observations:
Observation 1:	it is beneficial for the evolved ProSe UE-to-NW Remote UE to maintain a short range link availability status.
Observation 2:	The evolved ProSe UE-to-NW Relay power consumption is optimized and scalable with the number of evolved ProSe UE-to-NW Remote UEs if sidelink DRX alignment is applied for the group of evolved ProSe UE-to-NW Relay UE and the evolved ProSe UE-to-NW Remote UEs it is associated with 
Observation 3:	Without IDRX & Sidelink DRX alignment, sidelink DRX cycle is reduced at least by the factor of 2
Observation 4:	Relayed paging introduces a significant power saving for a WD in CE
Observation 5:	For WD in Normal Coverage, sidelink maintenance based on Rel-13 keepalive procedure is power inefficient. 
Observation 6:	Sidelink DRX alignment introduces significant power saving for both the evolved ProSe UE-to-NW Remote UE and the evolved ProSe UE-to-NW Relay UE
Observation 7:	sidelink based Connection Establishment procedure provides significant power saving gain in compare to RA based connection establishment procedure

Based on the discussion and the above observation we have proposed the following:

Proposal 1: 	The NW prior knowledge does not include the short range link level availability status between the evolved ProSe UE-to-NW Remote UE and the evolved ProSe UE-to-NW Relay UE.
Proposal 2:		evolved ProSe UE-to-NW Relay UE in RRC_IDLE is configured with IDRX like mechanism over the sidelink. 
Proposal 3:	An evolved ProSe L2 UE-to-Network relay maintenance pool is defined by the NW for more than a single cell.
Proposal 4: 	evolved ProSe UE-to-NW Remote UE is not required to engage in sidelink transmission for sidelink maintenance. Sidelink maintenance could be based on e.g. Model A discovery messages sent from the evolved ProSe UE-to-NW Relay UE
Proposal 5:	Sidelink resources for L2 UE-to-Network relay maintenance are aligned for the group of evolved ProSe UE-to-NW Relay UE and the evolved ProSe UE-to-NW Remote UEs it is associated with. 
Proposal 6: 	Sidelink resources for L2 UE-to-Network relay maintenance are aligned with the PO of the group of evolved ProSe UE-to-NW Relay UE and the evolved ProSe UE-to-NW Remote UEs it is associated with.
Proposal 7: 	Evolved UE-to-Network Relay UE is monitoring the evolved ProSe UE-to-NW Remote UE paging on PO which are time aligned between the evolved UE-to-Network Relay UE and the evolved ProSe UE-to-NW Remote UE.
Proposal 8: 	RAN2 will specify sidelink based connection establishment. Details of the procedures are FFS
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Annex A: 
Power Model assumptions
Power consumption
	P-Rx
	[bookmark: RANGE!D4]1
	PU

	P-Tx (average)
	[bookmark: RANGE!D5]1.5
	PU

	Max P-Tx
	[bookmark: RANGE!D6]4
	PU

	P-deep_sleep
	[bookmark: RANGE!D8]0.001
	PU

	p-wakeup
	[bookmark: RANGE!D9]0.5
	PU



Durations
	wake up from deep sleep
	[bookmark: RANGE!D13]5
	ms

	cell resynch (avg)
	[bookmark: RANGE!D16]11
	ms

	evolved ProSe UE-to-NW Relay resynch
	[bookmark: RANGE!D17]10
	ms

	paging acquisition
	1
	ms

	NW reentry Duration
	[bookmark: RANGE!D3]120
	ms

	NW reentry Tx subframes 
	20
	ms

	short IDRX cycle
	[bookmark: RANGE!D7]320
	ms

	Long IDRX cycle
	1280
	ms



CE
	 CE Repetitions factor
	[bookmark: RANGE!D22]16
	repetitions



Relay parameters
	supported evolved ProSe UE-to-NW Remote UEs
	[bookmark: RANGE!I3]4
	UEs

	relayed NW entry
	[bookmark: RANGE!I4]60
	ms

	Transmit subframes qty
	[bookmark: RANGE!I5]4
	sf



Tracker traffic pattern
	burst periodicity
	[bookmark: RANGE!C3]120
	Sec

	burst size UL
	[bookmark: RANGE!C4]1
	ms

	burst size DL
	[bookmark: RANGE!C5]1
	ms

	active time
	[bookmark: RANGE!C6]20
	ms
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