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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
The agreements of RAN2#90, RAN2#91 and RAN2#91bis related to idle mode eDRX are the following:

	Agreements (RAN2#90):
· For idle mode, RAN2 agrees that the DRX should be extended past the current SFN limit of 10.24s.   From RAN2 point of view we see power consumption benefits of increasing the DRX cycle in order of minutes.   How many minutes it is FFS.  

For idle mode:
· FFS how the UE determines when to wake up (either using hyper SFN or timer based mechanisms).
· 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.  




	Agreements (RAN2#91):
· To improve power saving gains, the UE should be able to re-synchronize over Uu with the RAN without sending uplink signalling (i.e. H-SFN or time clock broadcast information).
· H-SFN based paging will be adopted in the RAN  
· For paging robustness purposes for mobile UEs, some loose H-SFN synchronization between cells may be required



	Agreements (RAN2#91bis): 
Idle mode eDRX
· To define the H-SFN as new frame structure on top of legacy SFN structure where each H-SFN value corresponds to a cycle of legacy SFN of 1024 frames
· A H-SFN cycle of 10 bits indicating SFN will be adopted, for future proofness.  
· The maximum I-eDRX cycle is 43.69min.  
· To define the range of value of I-eDRX cycle as numbers that are a power of two (2n)
· RAN2 thinks that ETWS, CMAS, PWS requirement cannot be met when eDRX is configured.  We will not optimize to meet the requirement.  
· For EAB, if the UE supports SIB14, when in I-eDRX, it acquires SIB14 before establishing the RRC connection
· To specify H-SFN in SIB1.  FFS if the precious bits in the MIB can be used 
· Not to define a default I-eDRX cycle value per eNB; to support implicit I-eDRX support indication thought the inclusion of H-SFN
· 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 


[bookmark: _Ref430763657]In this document we discuss the MME paging strategy related to agreement in RAN2#91,[2] that “For paging robustness purposes for mobile UEs, some loose H-SFN synchronization between cells may be required “, and what assumption SA2 might draw for 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 [1].

2. Discussion
With the assumption of some loose H-SFN synchronization between cells, an LS was sent to SA2 in R2-153914, were RAN2 had two questions to SA2. 
RAN2 kindly asks SA2 to:
· Provide a solution that enables MME awareness of the approximate time when the UE will become reachable. 
· Provide a solution to achieve loose H-SFN synchronization in the network.
SA2 have analyzed this questions and are providing a replay LS in S2-153716 (R2-15xxxx), from the SA2 meeting #111 in Chengdu, the concept of loosely synchronized eNBs and MME was discussed and an agreements was made that the time alignment should be 1-2s. This paper aims to expand on the discussion.

MME paging calculation
The detailed equation how to calculate the PH, PF and PO is not agreed yet in RAN2.  The general assumption is that TeDRX is used to calculate the paging Hyper frame (PH) and within this PH legacy DRX equations as specified in TS 36.304 clause 7 will be used to calculate the paging frame, PF, and the paging occasion PO.
The MME will send the first paging message in the paging window to the eNB(s) just prior to the start of the paging hyper frame PH in which the next page shall occur, schematically shown in the figure below. How much earlier the MME needs to send the paging request depends on how loosely synchronized the nodes are. If the maximum H-SFN synchronization timing error is 2s then the MME needs to send the paging request 2s before the MME timer elapses. The MME might have the “fastest” clock, so the paging request could end up at the eNB 4seconds, twice the H-SFN synchronization timing error, prior to the start of the PH. 
The length of the paging window is defined by the networks paging retransmission and paging escalation strategy, mentioned in Agreed S2-153712.
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MME paging escalation strategy
One example of paging escalation strategy can be (normally) to start sending the page in the last cell and if no paging response is received from the UE, the MME would then escalate to donut (neighbour) cells, and further to tracking area and lastly to tracking area list. This example includes 4 levels of escalation. 
Assuming that you want to allow for two pages per escalation level, and time for the UE to respond, then the escalation would happen every 5.12s (for a DRX period of 2.56s). In this example the PTW would be minimum 4x5.12s=20.48s. The UE will need to listen for a page during the PTW or until a page is received [4].
Furthermore note that if the loosely synchronized nodes would exceed a DRX cycle of 2.56s and with an escalation timer of 5.12s, there would be a risk that the MME performs the first escalation before the first page has reached the UE. Less stringent synchronization will enlarge the PTW and make the eDRX less power efficient. In case of upto10s loosely synchronised nodes, then each escalation timer will be set to 20s according to above reasoning. This would prolong the PTW to 4x20s=80s, in case of 4 escalation levels. Meaning that the UE needs to decode up to 80s/2.56s=31 PO. Most of these PTW will not resulting in a “hit”, in other words waste of energy for the UE.
Observation 1: In order to support MME paging escalation strategy, the PTW needs to be 8 times the DRX value for perfect synchronization.
Observation 2: In case of loose synchronization, the PTW needs to be in the range of 8 times to max synchronization error.
Observation3: In order to avoid enlarging the PTW to much above 20.48 seconds, the eNB needs to consider MME-sNB H-SFN synchronization in the range of 1-2 seconds.
Observation 4: The length of the PTW is directly proportional to how well synchronized the nodes are. Furthermore UE power consumption is directly linked to the length of the PTW.
Observation 5: A stationary UE, knowing that it is still in the last cell, could minimize paging occasion monitoring effort to only monitor the first few PO in the PTW.
3. Conclusion
In this contribution we have elaborated on the MME paging strategy and discussed impact on UE power consumption related to the size of PTW.
Observation 1: In order to support MME paging escalation strategy, the PTW needs to be 8 times the DRX value for perfect synchronization.
Observation 2: In case of loose synchronization, the PTW needs to be in the range of 8 times to max synchronization error.
Observation3: In order to avoid enlarging the PTW to much above 20.48 seconds, the eNB needs to consider MME-sNB H-SFN synchronization in the range of 1-2 seconds.
Observation 4: The length of the PTW is directly proportional to how well synchronized the nodes are. Furthermore UE power consumption is directly linked to the length of the PTW.
Observation 5: A stationary UE, knowing that it is still in the last cell, could minimize paging occasion monitoring effort to only monitor the first few PO in the PTW.
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