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1. Introduction
RAN2 specifies a network capability to support eDRX per cell, i.e., “eDRX allowed” broadcast in the SIB. However, the Idle eDRX configuration is configured by the NAS layer, and a change of network capability signalled in the AS (RRC) layer does not trigger any change in the NAS configuration.  This paper discusses the problems when eDRX state in AS and NAS layer becomes mismatch due to reselection from a cell that allows eDRX to the one that does not and due to a change of “eDRX allowed” broadcast of an eDRX supporting eNB, and proposes some solutions to be discussed.
2. Discussion
The Idle eDRX configuration is configured at the NAS layer during Attach or TAU based on UE request to use eDRX.

	[From 24.301]

The UE shall use eDRX only if the network has provided the extended DRX parameters IE during the last attach or tracking area updating procedure and the UE does not have a PDN connection for emergency bearer services.


At the AS (RRC) layer the eNB informs whether the eNB is capable of performing eDRX paging and whether the UE is allowed to use eDRX by broadcasting “eDRX allowed”.
	[From 36.331]
eDRX-Allowed

The presence of this field indicates if idle mode extended DRX is allowed in the cell. The UE shall stop using extended DRX in idle mode if eDRX-Allowed is not present.


From NAS specification, since the request to use eDRX from the UE can only be done during Attach or TAU, the understanding is that all the NW(eNB/MME) within the concerning TA (or TA list if it is given to the UE) should support the eDRX functionality. Furthermore, from AS (RRC) specification, it is understood that the the “eDRX allowed” has a role as activation/deactivation function of the actual eDRX behaviour, e.g., whether the actual paging reception with eDRX parameters should be performed or not.

Let us take a look at the following 2 use cases in which the present NAS-AS interaction for eDRX mechanism may cause potential problems:

Case 1: UE performs cell reselection from a cell allowing eDRX to a cell that does not allow eDRX
In the real network, the restriction of all eNBs within a TA should support eDRX may not be realistic. Let us take an example of the IoT modules (e.g., electricity or gas smart meter) deployed in residential area or office area. These modules are meant to be connected to the cell of the macro eNBs that supports eDRX functionality, however within this area there may be some places which already deploying femto or pico eNB not supporting eDRX, and the eDRX UE, although stationary, within the femto/pico eNB area may perform reselection to this femto or pico eNB and stop using the eDRX parameters.

If the UE performs cell reselection from a cell that allows eDRX to the one that does not allow eDRX, the understanding of the UE behaviour is that the UE will stop using eDRX parameters when attempting to receive paging in idle mode and will instead apply the legacy DRX parameters. When this change happens at the AS layer, the eDRX configuration at the NAS layer does not change, i.e., UE does not inform the MME that eDRX has been stopped. The MME still thinks that the UE is in eDRX state, and will still send paging per eDRX cycle. However, the eNB will send the paging according to the legacy DRX parameter. 

In this situation, the UE will still be able to receive paging when the paging comes according to the eDRX cycle, but the UE will always attempt to receive paging in the legacy paging DRX cycle, which resulted into poor battery consumption.
Case 2: UE is in a cell which previously broadcast “eDRX allowed” restarted with no broadcast of “eDRX allowed”
This case may happen when eDRX supporting eNB experiences failure that necessitates eNB restart. Before the restart the eNB is broadcasting “eDRX allowed” indication, but after restart for some period of time the eNB does not broadcast “eDRX allowed”. In this case the eNB does not have the time to indicate the change of “eDRX allowed” SIB content.

The UE which was already in eDRX state camping in this eNB, is not aware of this change, will still apply the eDRX parameters, i.e., check for paging every eDRX cycle and attempt paging reception using eDRX parameters. However, the eNB will perform paging transmission according to legacy DRX parameters, i.e., the eNB will not calculate PH and PTW_start, and it will send the paging message received from S1 to the air as soon as PO/PF of the UE comes.

In this case, there is a possibility that the UE might miss the paging in case the PTW_start is at the middle or at the end of the PH. Here, the UE thinks that the eNB will send the paging at a PTW_Start timing which is in the middle or at the end of the PH, while actually the eNB sends it before that timing, right after it receives it from the MME. 

The service impacts shown in the use cases are quite severe, i.e., poor battery consumption in a UE which supposedly can have a very long battery life, and possibility of missing paging messages.  One may argue that these problems are not typical and to some extent can be handled by proper deployment and implementation. However, we think that these problems should be discussed and that standardized optimizations to solve these problems would help operators to deploy and provide a good IoT services utilizing eDRX operation.

If RAN2 agrees to optimize the eDRX mechanism to solve the two problems above, the following solution may be worth to discuss further.

· For case 1, in order for the UE to avoid reselecting to a cell that does not support eDRX, during cell reselection procedure the UE should prioritize the cell that has “eDRX allowed” indication. 

· For case 2, in order avoid missing reception of paging, the eDRX UE should understand that the “eDRX allowed” SIB contents has changed as soon as possible by specifiying an eDRX UE to read essential SIB and/or systemInfoValueTag in every eDRX cycle in which it wakes up.

Proposal 1: 
RAN2 to discuss and identify that the following cases may lead to problems of poor battery life and missing paging reception.

· eDRX UE reselects to eNB not supporting eDRX

· the eNB where the eDRX UE camped changes the “eDRX allowed” indication

Proposal 2: 
RAN2 to agree that optimization mechanism to solve the above problem is necessary and consider the following solutions:

· prioritize the cell that has “eDRX allowed” indication during cell reselection procedure

· an eDRX UE to read essensial SIB and/or systemInfoValueTag in every eDRX cycle in which it wakes up to be aware of “eDRX allowed“ changes

3. Summary and Proposal
The problems when eDRX state in AS and NAS layer becomes mismatch due to reselection from a cell that allows eDRX to the one that does not and due to a change of “eDRX allowed” broadcast of an eDRX supporting eNB were discussed. Service impacts of pool eDRX UE battery consumption and possibility of missing paging reception were foreseen. The following were proposed:
Proposal 1: 
RAN2 to discuss and identify that the following cases may lead to problems of poor battery life and missing paging reception.

· eDRX UE reselects to eNB not supporting eDRX

· the eNB where the eDRX UE camped changes the “eDRX allowed” indication

Proposal 2: 
RAN2 to agree that optimization mechanism to solve the above problem is necessary and consider the following solutions:

· prioritize the cell that has “eDRX allowed” indication during cell reselection procedure

· an eDRX UE to read systemInfoValueTag in every eDRX cycle in which it wakes up to be aware of “eDRX allowed“ changes
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