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1
Introduction

This document reports on clarifications arising from the discussions related to the inclusion of the Paging Time Window (PTW) in the S1AP paging message when the UE is operating in idle mode eDRX.
2
Discussion
2.1
MME Paging Repetition

The following develops possible scenarios, which depend on timing uncertainty, PTW value, and legacy idle DRX cycle. Unless stated, the analysis assumes that the PTW is not known at the NB.
Let the worst case timing uncertainty between MME and any eNB = ±Tu, and assume the MME anticipates the first paging by a time To = Tu + Δ. Since the MME should make sure that the paging message arrives before the first UE’s PO, and since the MME may not have exact knowledge of Tu, the value of Δ must be positive and may be significant compared to Tu.

Once the MME sends the first message, it cannot be sure that a paging attempt has occurred in ALL eNBs until after time (To + legacy DRX cycle) has elapsed after the MME transmission of the S1AP message. After this time, POs should be available in all eNBs according to the legacy DRX cycle, and the MME can use this to manage repetitions. 
Conversely, the MME can only be sure that a further S1AP paging message will arrive before the end of the PTW in all eNBs if it is sent before [PTW second] has expired following the first paging.
Based on this, it can be stated:    
1. To allow at least one MME repetition within the PTW (and assuming the MME waits until it is sure that all eNBs have transmitted), then the PTW must be greater than (To + legacy DRX cycle), and no smaller than (To + 2* legacy DRX cycle)
2. To allow at least two repetitions within the PTW, then the PTW must be larger than (To + 2*legacy DRX cycle), and no smaller than (To + 3* legacy DRX cycle)
3. etc 

Conclusion: without sending the PTW to the eNB, and to avoid paging when the UE is not listening, the MME is not able to repeat at all for short PTWs (e.g. 1, 2, even 3s, depending on DRX, timing uncertainty etc). For larger values, repetitions can happen provided the legacy DRX cycle is small enough compared to [PTW-To]. In all cases, a number of POs will be unused at the end of the actual PTW in an average eNB (on average [To/(2*legacy DRX cycle)] assuming uniform timing error of the eNBs). The smaller the PTW, the greater the relative probability of unused POs.
2.2
Examples
In the following, if the eNB has the PTW, it is assumed that the MME does not need to ensure that ALL eNBs receive the S1AP paging message while still having POs available. If the eNB does not have the PTW, then it is assumed that the MME refrains from sending S1AP paging message if this cannot be guaranteed, based on its estimate of worst case timing difference (To).
	
	Without PTW in eNB
	With PTW in eNB

	PTW = 1s, To= 1s
	MME only gets one shot irrespective of legacy DRX cycle
	MME could still page in most eNBs a second time even if it waits e.g. 1.3s before resending (e.g. in case of legacy DRX = 320ms). The MME could even be more aggressive at cost of a higher probability of receiving a reply after sending a second page (in any case no pages are ever sent outside the UE’s PTW over the air)

	PTW = 2s, To= 2s
	MME only gets one shot irrespective of legacy DRX cycle
	MME could still page in most eNBs a second time even if it waits e.g. 2.3s before resending in case of legacy DRX = 320ms (similar to above)

	PTW = 3s, To= 2s, legacy DRX = 640 ms 
	MME can wait 2.64s, then repeat once
	MME could page in most eNBs a third time even if it waits 2.64s before the first repeat.

	PTW=3s, To=2s, legacy DRX=320ms
	MME can wait 2.32s, then still repeat twice
	Further repetitions would be possible if the MME is more aggressive towards end of the window, but likely not necessary.

	PTW=4s, To=2s, legacy DRX=640ms
	MME can wait 2.64s, then still repeat 3 times 
	Further repetitions would be possible if the MME is more aggressive towards end of the window, but likely not necessary.


NOTE: The MME needs to have an idea of the timing uncertainty, and possibly also over-estimate this (i.e. To = Tu + Δ); and the more it over-estimates, the fewer the effective paging opportunities without PTW knowledge in the eNB. The above situation would therefore become worse.

2.2
Additional aspects
The ability of the eNB to skip a PO in case of overload is curtailed without PTW. For example, even for a legacy DRX cycle of 320 ms, and say a PTW of 20s, the eNB will not dare to skip a PO since it does not know how tight the PTW is, and whether by doing so it is creating a problem in the MME strategy.[image: image1.png]
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