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1. Introduction
In RAN2#91bis, the details of idle mode eDRX was discussed and the agreement was reached as follows [1]; 
	Agreements: 

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 adapted, 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




In this contribution, further details of idle mode eDRX are discussed from UE behaviour point of view. 
2. Discussion 

2.1. Configuration of eDRX 
According to the technical report in SA2 [3], it was concluded that the NAS MM messages are used for the idle mode eDRX value assignment, i.e., 5.1.1 Solution #1: Extended DRX value assignment using NAS MM messages in [3]. In addition, it was agreed in RAN2#91bis that “Not to define a default I-eDRX cycle value per eNB” [1]. From the UE behaviour point of view, the UE should apply the idle mode eDRX operation into the paging reception procedure when the AS is assigned with the idle mode eDRX value by the NAS. 
Proposal 1 The idle mode UE should apply the extended DRX into the paging reception procedure when the AS is assigned with the extended DRX value by the NAS. 
In the actual operation with eDRX, the UE needs to determine the PF/PO based on the legacy DRX formula/cycle when it wakes up [2]. So, the UE should know the legacy DRX parameters in addition to the extended DRX value. In the current specification, the legacy DRX parameters, especially for DRX cycle, could be configured by either the NAS or the eNB, and T is determined by the shortest of the DRX cycles [4]. While it’s natural to assume the CN-specific DRX cycle [5] is simply extended to provide the extended DRX cycle exclusively, it’s actually up to the other working group how it should be defined and therefore it’s unclear if the current IDLE mode specification [4] will still work well if the changes are applied in the specifications of other working groups.  On the other hand, assuming the legacy PF/PO is used for repetition of the paging message to improve paging reliability as agreed [2], the legacy DRX parameters which are used to determine the legacy PF/PO could be considered as RAN-specific configurations. So, for the determination of the legacy PF/PO, the UE should only use the DRX parameters provided in SIB, i.e., pcch-Config [6]. In other words, the specifications should be defined to ensure that the (extended) DRX parameters provided by the MME should be ignored for the legacy PF/PO calculation and should only be taken into account in the extended DRX-specific procedure.  This assumption is consistent with the current specification if the MME only provides the extended DRX cycle as the CN-specific DRX cycle. 
Proposal 2 When the extended DRX is applied, the legacy PF/PO should be calculated with the PCCH Configuration provided in SIB, regardless of whether any configurations are provided by the MME. 
It is still “FFS how and who configures the PW” [1]. Although the PW mainly aims to account for synchronization among eNBs in this release, the UE clock drifts will be also considerable in future releases since it was agreed that “A H-SFN cycle of 10 bits indicating SFN will be adapted, for future proofness” [1] and the PW for 10 bits H-SFN (about 3 hours) will have to account for 540 [ms] (54 SFNs) of UE clock drifts [6]. Considering the paging repetition will work for compensation of the UE clock drifts between re-synchronizations and the potential loose H-SFN synchronization between cells [8], it’s the future proofing assumption that the MME configures the paging repetition window (PW) since the MME is expected to have the knowledge of synchronization performances in both the UE and eNB. The MME may inform the eNB of the PW configured per UE basis through S1 PAGING message, which will be decided up to the other WG. 
Proposal 3 The MME should configure the paging window (PW). 
2.2. Entering/leaving conditions to/from eDRX 
It was discussed in the email discussion [9] and agreed [1] that “to support implicit I-eDRX support indication thought the inclusion of H-SFN”, but the details on what the UE behaviour is expected have not been discussed yet. The agreement implies that the UE is able to know whethera cell supports eDRX or not by whether the cell broadcasts H-SFN. Two cases may be considered for how the UE detects that the cell does not support eDRX: 
· Case 1: Just after the UE wakes up from eDRX. 
· Case 2: Just before the UE goes to sleep to eDRX. 

For both cases, the UE cannot synchronize with H-SFN since it’s not broadcasted, i.e., the UE does not know which H-SFN the UE is supposed to be aligned to. In addition, for case 2, the UE cannot expect that H-SFN will be broadcasted when it wakes up at the next time. So, the UE should check the availability of H-SFN when it wakes up/goes to sleep from/to eDRX. 
Proposal 4 The UE should check whether H-SFN is broadcasted after it wakes up from eDRX and before it goes to sleep to eDRX. 
If the UE detects that the serving cell does not broadcast H-SFN, it’s straight forward for the UE to fall back to the legacy DRX operation, i.e., do not apply eDRX. This will ensure that the UE will not miss a page even without H-SFN synchronization. 

Proposal 5 The UE should not apply the eDRX operation, i.e., just follow the legacy DRX, when it does not detect H-SFN broadcasted from the serving cell. 
However, Proposal 5 means that it could be no longer expected for the UE to have the power saving gain from eDRX. In addition, the paging message does not come from the MME for a certain long duration although the UE falls back to the legacy DRX operation, since the MME may continue to apply the paging strategy for eDRX, i.e., based on the agreement “To avoid storing of paging message would require the MME to have some awareness of approximate time of when the UE will become reachable. It is up to SA2 how this is achieved” [8]. So, it’s beneficial for the UE in non-eDRX supporting cell to be configured with the power saving mode (PSM) by the MME as soon as possible, instead of eDRX, in order to save the power consumption. 
Observation 1 It’s beneficial for the UE that cannot apply eDRX operation to be reconfigured with PSM as soon as possible. 
From the AS’s point of view, when the UE does not detect H-SFN in SIB1 of the serving cell, the NAS should be informed of this conditiion in order to assist the upper layer to change the configuration from eDRX to PSM. Similarly, the AS may assist the upper layer in making the decision to reconfigure from PSM to eDRX. 
Proposal 6 The AS should inform the NAS of whether the current camped cell supports eDRX or not, when the UE is configured with eDRX (and possibly with PSM). 
2.3. Paging reception procedure 
2.3.1. Legacy PF/PO related operations 

Currently it’s still FFS that “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” [1]. From the perspective that the motivation to introduce eDRX is to reduce the UE power consumption [10], the period/number of wake-ups for paging reception should be minimized. In the current specification, the UE needs only to monitor one PO per DRX cycle [4]. Even for idle mode with eDRX, the same principle should be applied to maximize the power reduction gain, while the paging message can be repeated for a certain window [2] 
Proposal 7 The UE should only be required to monitor one legacy paging occasion within a certain window per extended DRX cycle, when it wakes up from extended sleep. 
2.3.2. H-SFN PF determination 
It was agreed that “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]. Considering the legacy PF/PO is reused within a PH [2], the formula to determine PH should be separately defined. 
Proposal 8 The formula to determine the paging hyper frames (PH) should be separately defined from the legacy PF/PO calculation. 
Based on the legacy PF formula, “SFN mod T= (T div N)*(UE_ID mod N)” [4], almost all parameters could be applicable to the formula for PH with small re-definition. But it should be considered that N, which is associated with nB to control paging capacity, is no longer necessary. So, PH may be simply determined by; 

H-SFN mod TeDRX = (IMSI mod 1024) mod TeDRX 
where 
H-SFN:
Paging H-SFN frame number
TeDRX :
eDRX cycle [H-SFN]; Note that the TeDRX is defined as multiple of 10.24[s]
Once the PH is determined, the legacy PF/PO calculations are used to identify actual paging occasions. 

Proposal 9 The paging H-SFN frames should be determined by reusing the formula from the legacy PF calculation without supporting nB. 
3. Conclusion 
In this paper, the details of idle mode UE behaviour with eDRX are discussed. The configuration of eDRX and applicability of provisioned parameters are solved. Also, the paging reception is considered based on the existing standards, possible mechanisms and current agreements. RAN2 is kindly asked to take into account the observations and proposals as follows; 
Proposal 1
The idle mode UE should apply the extended DRX into the paging reception procedure when the AS is assigned with the extended DRX value by the NAS.
Proposal 2
When the extended DRX is applied, the legacy PF/PO should be calculated with the PCCH Configuration provided in SIB, regardless of whether any configurations are provided by the MME.
Proposal 3
The MME should configure the paging window (PW).
Proposal 4
The UE should check whether H-SFN is broadcasted after it wakes up from eDRX and before it goes to sleep to eDRX.
Proposal 5
The UE should not apply the eDRX operation, i.e., just follow the legacy DRX, when it does not detect H-SFN broadcasted from the serving cell.
Observation 1
It’s beneficial for the UE that cannot apply eDRX operation to be reconfigured with PSM as soon as possible.
Proposal 6
The AS should inform the NAS of whether the current camped cell supports eDRX or not, when the UE is configured with eDRX (and possibly with PSM).
Proposal 7
The UE should only be required to monitor one legacy paging occasion within a certain window per extended DRX cycle, when it wakes up from extended sleep.
Proposal 8
The formula to determine the paging hyper frames (PH) should be separately defined from the legacy PF/PO calculation.
Proposal 9
The paging H-SFN frames should be determined by reusing the formula from the legacy PF calculation without supporting nB.
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