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1 Introduction
The following are some selected agreements from previous meetings relevant to this contribution:
RAN2#90 (1):
Idle mode eDRX:

· Once the UE wakes up the UE determines the PF/PO based on the legacy DRX formula/cycle (i.e. no change on the paging occasion computation).  

· To improve paging reliability, the paging message can be repeated on different the paging occasions determined using the legacy DRX formula for a certain time window.  FFS how the UE determines for how long to monitor for paging messages.  

RAN2 #91 (2):
H-SFN based paging will be adopted in the RAN  

For paging robustness purposes for mobile UEs, some lose H-SFN synchronization between cells may be required
RAN2 #91bis (3)
Idle mode eDRX

· To define the H-SFN as a new frame structure on top of the legacy SFN structure where each H-SFN value corresponds to a cycle of legacy SFN of 1024 frames

· Paging hyper frame (PH) computation should be a function of the extended I-DRX cycle and the IMSI mod(1024).   RAN2 assumes that SA2 will work on the details of MME paging strategy based on this formula.   

· The starting point of the window is designed such that a fair distribution within the H-SFN paging frame.  Details of the formula are FFS.  

· FFS how and who configures the PW 

· FFS The UE is only required to monitor one of its legacy (PF, PO) during the paging window or whether it monitors the full paging window
This contribution considers the FFS issues of PW configuration and how many POs the UE monitors during the paging window.
2 Configuration of eDRX and number of POs

Idle mode eDRX enables power saving at the expense of MT reachability delay. The mechanism for eDRX as approved so far allows for a cycle of up to 43.69 minutes during which a UE is reachable only during a Paging Window (PW) period of one 10.24s frame. There can be a configurable number of paging opportunities within the 10.24s according to the legacy DRX calculation. Applications running on the UE may have varying needs with respect to MT delay and the UE may have strict power limits requiring it to remain in a low power state for most of the time.

When there are multiple repeated POs and a UE has, for example, a 90% chance of receiving an error free page on each PO reception attempt, a UE cannot know whether it missed a page due to errors or if there was no page. This may require the UE to wake for a repeated PO for a better chance to receive in the PW on any eDRX cycle.
2.1 eDRx cycle duration and number of POs available in the PW.
Table 1 below illustrates some trade-offs between Mobile terminated Message Latency (MML), eDRX cycle time, number of POs received and UE power used. 
For example if the eDRX cycle is 15 minutes the UE has a MML for a single PO received of up to 15 minutes (Case 1). If more repetitions of the PO need to be received every 15 minutes, the minimum MML does not improve but the power consumption increases in proportion to the number of reception attempts (Case 3). Alternatively, in the same signal propagation environment, if the eDRX cycle is halved to 7.5 minutes the MML is reduced to 7.5 minutes for a single PO received (Case 2). If the UE would attempt one PO reception every 7.5 minutes the 99% MML and power used (Case 2) would be the same as for the UE attempting to receive on two POs once every 15 minutes (Case 3). The advantage of the shorter eDRX cycle would be that for no increase in UE power, the reachability for first PO paging success is reduced by half. Given a 90% required MML there is no power advantage to attempting to receive more than one PO per eDRX cycle.
	Case
	eDRX
	#POs received /eDRX
	Power

used
/time
	90% MML
	99% MML
	99.9% MML

	1
	15 min.
	1
	1x
	15 min.
	30 min.
	45 min.

	2
	7.5 min.
	1
	2x
	7.5 min.
	15 min.
	22.5 min.

	3
	15 min.
	2
	2x
	15 min.
	15 min.
	30 min.

	4
	7.5 min.
	2
	4x
	7.5 min.
	7.5 min.
	15 min. 


Table 1

The use of the legacy PF and PO calculation in the H-SFN of the Paging Window where a UE wakes from eDRX sleep (as agreed in RAN2#90) allows for a potentially large number of POs to be scheduled for the UE within the 10.24s PW. As shown in table 2, requiring a UE to receive all of the available POs configured improves the MML probability at the expense of a significant increase in power used.
	Case
	eDRX
	#POs available /eDRX
	#POs received /eDRX
	Power

used
/time
	90% MML
	99% MML
	99.9% MML

	5
	15 min.
	10
	1
	1x
	15 min.
	30 min.
	45 min.

	6
	7.5 min.
	10
	1
	2x
	7.5 min.
	15 min.
	22.5 min.

	7
	15 min.
	10
	10
	10x
	15 min.
	15 min.
	15 min.

	8
	7.5 min.
	10
	10
	20x
	7.5 min.
	7.5 min.
	7.5 min. 


Table 2
Observation 1: Requiring a UE to receive at all POs in the PW can be very bad for power consumption.

For a UE in good coverage there should be no need to attempt reception at many POs representing a single page that originated during the UE’s eDRX sleep cycle.  If the UE is in good coverage and awakes from eDRX and receives a page on the first PO there should be no need for it to receive more pages in that PW. The UE may still attempt to receive more than one PO to improve MML. Once a page is received the UE will enter connected mode and the eNB may then cease paging on any more POs. 

A UE can benefit from having a short legacy DRX cycle configured in the PW when it is paged. Multiple POs closely spaced enable the UE to avoid going in and out of sleep mode to attempt to receive separate widely spaced POs. This is more power efficient due to elimination of duplicated start-up processes.
The eNB can also avoid scheduling POs more frequently than the time in which the UE can be expected to respond to a page. This has a system efficiency benefit.
If many POs are scheduled and a UE is unresponsive to pages sent in those POs this could result in the eNB sending unnecessary pages in the many POs available throughout the PW. The eNB could stop sending pages in those POs once it has sent some reasonable number without receiving a response.  It could then leave further paging attempts to that UE until the next eDRX cycle.
Observation 2:  It is possible to adjust UE power usage and MML to meet application needs using eDRX and PO repetition (DRX) settings. 
Option 1: The UE could make a request for its eDRX and PO repetition within the PW (legacy DRX configuration) based on its power and application constraints. This option allows best flexibility for setting values that meet UE needs. The eNB can also deny a request based on its scheduling priorities.
Option 2:  A set of default values for the eDRX cycle linked to a number of POs within the PW could be configured.

For example, a short eDRX cycle of 40.96s could be by default configured for only 1 PO in the H-SFN PW because there would be only 40.96s between opportunities to page the UE. There could be a sliding scale of more POs available for longer eDRX cycles. At the maximum 43.69 minutes eDRX cycle the 10.24s PW frame could contain many POs to give the UE more chances to receive a page reliably. More POs in this case would be an advantage because if the UE fails to receive a page at one eDRX interval the next opportunity is 43.69 minutes later.

This fixed option does not allow optimization of the eDRX with the POs available in a PW, which may not serve the needs of the UEs.
Proposal 1: The UE should be able to request configuration of eDRX cycle and the number of PO repetitions in its PW, through the legacy DRX.
2.2 UE power saving by ignoring repeated POs
A UE can measure the incoming signal strength and make an autonomous judgment as to whether it needs to receive more than just the first PO in the PW. In the case of a strong signal, if the first PO does not contain a page for the UE there should be no need for that UE to remain awake for other POs that may be scheduled within the PW. This would allow the UE to remain awake for the shortest possible time to conserve its power. 

If the signal strength is lower, the UE may decide to attempt reception of additional POs at the expense of its power consumption. For example, if the paging success at cell edge will be 90%. A UE may improve the paging success within the frame by receiving on a second PO to get the probability to 99%, or a third to get it to 99.9%.

[image: image1]
Observation 3: A UE may save power by receiving only as many PO repetitions within the PW that it considers necessary to reliably decode a page.
If a UE either receives a page or decides to stop trying to receive on the POs then any newer pages arriving from the network during the remainder of the PW will be missed. It is important that if more MT pages originate from the network during the PW the network must wait until the next eDRX cycle to send a new page because the UE may have already gone to sleep until the next eDRX cycle. 
Given that the minimum MML expectation is set by the eDRX cycle time and power saving is important in eDRX it is unnecessary to have the UE responsive to additional pages late in the PW by receiving at all possible POs. Adding this as a feature would also add to the standardization work.
Observation 4: In order for the UE to be able to take advantage of ignoring some POs within the PW, the network must not start new paging after the first PO has been scheduled.
Proposal 2: A UE should not have to receive all POs within a PW and also to require buffering of MT pages that arrive after the first PO has been scheduled.
3 Conclusions

Observation 1: Requiring a UE to receive at all POs in the PW can be very bad for power consumption.
Observation 2:  It is possible to adjust UE power usage and MML to meet application needs using eDRX and PO repetition (DRX) settings. 
Proposal 1: The UE should be able to request configuration of eDRX cycle and the number of PO repetitions in its PW, through the legacy DRX.
Observation 3: A UE may save power by receiving only as many PO repetitions within the PW that it considers necessary to reliably decode a page.
Observation 4: In order for the UE to be able to take advantage of ignoring some POs within the PW, the network must not start new paging after the first PO has been scheduled.

Proposal 2: A UE should not have to receive all POs within a PW and also to require buffering of MT pages that arrive after the first PO has been scheduled.
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