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Abstract of the contribution: This contribution provides a procedure design for the interaction between network and UE to get knowledge of if the network support extended long DRX or not, which users needs extended long DRX and the proper parameters settings for 7.1.3.1 Extended DRX in idle mode.
Merge of 2441 and 2603 to allow both options of exchanging extended long DRX capabilities: (option A) broadcast and NAS (2441) or (option B) NAS only (2603).
Introduction

A mechanism is needed between the UE and network to determine if the extended long DRX can be supported or not and let the network know which UE needs extended long DRX. Otherwise, it is also very important to keep the consistency between UE and eNB about the parameters setting for the extended long DRX.
This contribution provides a solution between the UE and network to determine if the extended long DRX can be supported or not and let the network know which UE needs extended long DRX for 7.1.3.1 Extended DRX in idle mode. The functionalities of related network elements with necessary signalling procedure are defined. 
Discussion
The normal DRX parameter setting procedure for the extended long DRX mechanism cannot be reused. Therefore, this solution between UE and the network to determine which eNBs and UEs can perform the extended long DRX mechanism and the corresponding parameter setting. 
This proposed update clarifies the support of the extended long paging DRX time is on a TA basis. That all eNBs in the TA need to support it. That is because paging is done on a TA basis.  If there was a mix of updated eNBs that support the long DRX and legacy eNBs that only support normal DRX then paging retransmission would be inefficient for UEs camped on legacy eNBs.  Since the MME is not aware of the eNB the UE is camped on, it would not retry paging until the UE had the chance to respond to paging from all the eNBs in the TA, which would mean the extended long DRX time.
The basic procedure of a successful extended long DRX determination procedure is illustrated in Figure1:
1. If the eNB can support the extended long DRX mechanism, the eNB itself would configure the default extended long paging DRX parameter when it starts up. It should also inform this “Default extended long paging DRX” parameter to the MME via S1AP S1 Setup procedure. 
The eNB default extended long paging DRX time is the same for all eNBs in a TA. The MME can obtain the information of default extended long paging DRX parameter setting of this eNB either from the S1AP Setup Request or MME configuration information for the TA. This information would be used for MME to decide whether indicating the UE specific extended long paging DRX to eNB in the subsequent S1AP Paging procedure if it is required.
2. (option A) If the eNB can support the extended long DRX mechanism, the eNB would broadcast the “defaultExtendedLongPagingCycle” parameter in the cell via the RRC System Information Broadcasting procedure which is included in the SIB2 as an Optional IE. 
And then the UE can know whether the current cell can support extended long DRX mechanism or not according to this IE appeared in SIB2 or not. The UE also can obtain the default extended long paging cycle parameter of this cell if this IE appears. This default extended long paging cycle is the common parameter for this cell.
(option B) The eNB does not broadcast the default extended long DRX.
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Figure 1: procedure of extended long DRX determination
3. The upper layer of the UE would decide whether this UE would use the extra lower powering saving and its specific extended long paging DRX parameter if necessary. 
(option A) If yes and current cell can support extended long DRX mechanism, the UE would inform the MME about its desire to use the extended long DRX mechanism via the NAS signalling. If the UE has its specific extended long paging DRX parameter, it also can inform the MME via the NAS signalling.
In the initial phase UE would include the parameters of “Extended long paging DRX indicator” and “UE specific extended long paging DRX” in the NAS Attach Request message to the MME. It is possible that UE only inform the MME “Extended long paging DRX indicator”. That means this UE need the extended long paging DRX but without UE specific extended long DRX and just use the default value in SIB2.
(option B) If yes the UE reports the extended DRX value in the NAS, and also ignores the default DRX value broadcasted in the system information and adopts the reported one received in an EMM Accept message.
In order to guarantee the MME can get the newest UE specific extended long paging DRX parameter if it changed by UE, UE should perform TA update procedure once it changes and include the “Extended long paging DRX indicator” and “UE specific extended long paging DRX” IE in the NAS Tracking Area Update Request message to inform the MME. Otherwise, due to the UE mobility and TA updated happened it also need to inform the new involved MME about this UE required extended long paging DRX and its specific extended long paging DRX parameter if necessary according to the eNB capability of extended longer DRX supporting in the new TA. 
(option A) If this cell does not support the extended long paging DRX, the UE would not include the “Extended long paging DRX indicator” and “UE specific extended long paging DRX” IE in the NAS Attach Request or Tracking Area Update Request messages. And the UE can use the normal DRX mechanism in this cell.
4. When MME initiates the paging procedure it can decide to sends what paging parameters to eNBs since it knows the eNBs’ capability and the UE desire. (option A) It sends the paging to the eNB supporting longer DRX with UE desire indication and optional the UE specific longer DRX. (option B) It sends the paging to the eNB supporting longer DRX and includes the longer DRX value for this UE.  The MME may need a longer paging retransmission timer for the extended long DRX paging messages. 
(option A) MME would compare the previously obtained default extended long paging DRX information for the TA that applies to each eNB and the UE informed UE specific paging DRX info. If the UE specific extended long paging DRX value is less than the eNB’s default extended long paging DRX value, then MME would include the UE specific paging DRX in the S1AP Paging message to the corresponding eNB. The “Extended long paging DRX indicator” IE is necessary in the S1AP Paging message to indicate to the eNB that this UE requires the extended long paging DRX.
(option B) When the UE requested the extended long DRX at step 3, the MME stores the value sent in the Attach/TAU Accept message in the context for this UE and includes that value in the Paging message.
After receiving the S1AP Paging message the eNB get the knowledge of which UE requires extended long paging DRX or not. (option A) If yes, the eNB and UE would perform the extended long paging DRX mechanism according to the smaller value of the UE specific extended long DRX value, if allocated by upper layers, and a default extended long DRX value broadcast in system information. (option B) If yes, the eNB uses the value in the Paging message.  Otherwise, the eNB and UE would perform the normal paging DRX.
Conclusion
It is proposed that the following text can be added to TR 23.887 based on the above analysis.
*********************************** First Change ************************************
7.1.3
Solutions

7.1.3.1
Solution: Extended DRX in idle mode
7.1.3.1.1
General

The solution described in this clause addresses the Key issue “UE Power Consumption Optimizations”.
The characteristics of the solution is that the Maximum DRX cycles in idle mode are possibly extended with longer values allowing the UE to save battery as waking up and listening for a potential paging message is one major power consuming functionality. When this solution is used, paging transmission period is also adjusted based on the extended DRX cycle applied to the UE.

Extended DRX cycles are enabled in UTRAN/E-UTRAN by providing the parameters for extended DRX in NAS. The current DRX parameters from UE to network in TS 24.008 10.5.5.6 are extended in a backward compatible way to ensure that normal UE(s), i.e. UEs not requiring low power consumption, are not impacted. For enabling the extended DRX cycle in UTRAN/E-UTRAN:
-
(option A) on one hand the eNB would broadcast the default extended DRX cycle value via system information to indicate the network capability of supporting extended DRX, on the other hand UE should inform the network its desire using of extended DRX by the explicit indicator and its expected specific extended DRX cycle value if necessary. 
-
(option B) the UE should inform the network its desire using of extended DRX by including its preferred extended DRX cycle value.
In this procedure, the availability of extended DRX for the UE should be decided in consideration of the UE’s capability, the network condition (e.g., ISR activation), as well as the support of extended DRX of the RAN nodes within an area served by the core network node (e.g., TAs or MME pool area). This is because the UE can travel through several RAN nodes without performing location update, even when some part of RAN nodes do not support the extended DRX (e.g., legacy E-UTRAN nodes in TA or legacy UTRAN nodes in the ISR activated case). 
(option A) If UE moves to a new cell in a new TA and does not receive the extended DRX cycle value in system information, it knows the new cell/TA cannot support the extended DRX. (option B) If UE moves to a new cell in a new TA and does not receive the extended DRX in the TAU accept, it knows the TA (at least one cell within the TA) cannot support the extended DRX. Even though this UE that has the capability of the extended DRX it will only use the normal DRX cycle. 
The value of the default extended DRX cycle applied in the RAN nodes could be informed to the MME by using S1/Iu signalling, OA&M method, or manual configuration. If supported, the UE can indicate the desire to use the extended DRX cycle at any time, by using a NAS procedure such as Attach or TA update. When the UE moves, it should perform TA update to report its desire to use the extended long DRX in the new TA. For option A the UE does this only if the eNBs in the new TA have the capability to support extended long DRX (known by broadcasted system information.
NOTE1:
If the DRX cycles are to be extended longer than the System Frame Number currently allows then 3GPP RAN WGs would need to look into extensions of the time allowed by the SFN. 

For E-UTRAN, the MME needs to indicate to the eNB the UE’s desire to use extended DRX cycle in the S1AP Paging message. (option A) If the received UE specific extended DRX value from UE is less than the default extended DRX value, the MME should also include the UE specific extended DRX value in the paging message. When MME initiates the paging procedure it determines which paging parameters to send to eNBs since it knows the eNBs’ capability and the UE desire. (option A) The MME sends paging to the eNB supporting longer DRX with UE desire indication and the UE specific longer DRX if necessary. (option B) The MME includes the extended DRX value that is stored in the context for this UE.  
The MME may need a longer paging retransmission timer for the extended longer DRX paging messages.
After the UE determines the extended DRX value is supported, the UE ignores the default normal DRX value broadcasted in the system information. (option A) The eNB and UE both use the smaller one of the UE specific extended DRX value and a default extended DRX value broadcast in system information for paging monitoring. (option B) The eNB and UE both use the extended DRX value provided by the MME as described above.
The Figure 7.1.3.x illustrates the basic procedure in E-UTRAN.
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Figure 7.1.3.x: procedure of extended DRX determination in E-UTRAN
In GERAN longer paging transmission periods are enabled by in extending the parameter “BS-PA-MFRMS” (see 3GPP TS 44.018 chapter 10.5.2.11). The extension could be done e.g. by multiplying the BS-PA-MFRMS parameter with a given value used as a paging multiplier factor. This factor should then be communicated between UE and CN and then from CN to GERAN e.g. by adding the multiplier factor to the paging message. 

Paging timers and paging repetition in MSC/SGSN/MME are accommodated to cater for the extended DRX cycle. 

In addition, network could notify that the UE should alternate the extended DRX cycle (value specified in the NAS parameter for extended DRX) with one or several normal DRX cycle(s) (value of the DRX parameter multiplied by “1”). Such notification could be sent to the UE in a NAS message e.g. the Attach Accept / TAU Accept.

NOTE2:
The need for alternating the DRX cycle would depend on 3GPP RAN WGs analysis of how to limit the risk of UE missing a paging due to the DRX cycle been extended to a long value. 

Paging re-transmission timers in the MSC/SGSN/MME should be adapted to fit in the needs of the extended DRX cycle and normal DRX cycle.
The used DRX value needs to be known by the UE, RAN and MME/SGSN.

NOTE3:
3GPP RAN WGs need to evaluate how the UE wakes up from extended DRX cycle and ensure that paging loss is minimized.
Considering that the CN may be impacted it is reasonable that CN should be able to override UE provided DRX values that are longer then currently supported values.
NOTE4:
The decision for UE initiating low power consumption mode may be based on the UE configuration by the network or UE implementation.
Without adjusting the re-transmission timers on higher layers, longer DRX cycle maximum up to several minutes may impact the reachability of the UE that would bring unnecessary overhead to the network, e.g., paging and GTP message retransmission, abnormal case handling without the feedback response in the expected time duration.
Editor's note:
It is FFS which maximum/reasonable DRX value that should be possible to select, e.g. aspects like re-transmission timers on higher layers needs to be considered.
7.1.3.1.2
Impacts on existing nodes and functionality
Impacts on SGSN/MME/MSC:

-
Support NAS-protocol extensions to enable extended DRX cycles. 
-
(Option B) Support for coding of parameters for the extended DRX and sending it in a dedicated NAS message to the UE.

-
Paging re-transmission timer in the MSC/SGSN/MME should be adapted to fit in the needs of the extended DRX cycle and normal DRX cycle.
-
(Option A) Support indicating to the eNB the UE’s desire to use extended DRX cycle on Paging.
-
Support notifying the UE that it should alternate the extended DRX cycle with 1 or more normal DRX cycles.

-
The SGW buffer size is not proposed to be impacted, i.e. additional DL packets beyond the buffer size would be dropped. Though, it should not be any problem as it is not expected that large number of DL packets would be received without any UL packets sent from the UE as long as the DRX value is set to a value which limits any re-transmissions from higher layers.

Impacts on UE:

-
Support RAT- protocol extensions to enable negotiation of extended DRX cycles
-
Support NAS-protocol extensions to enable extended DRX cycles. Support for coding of parameters for the extended DRX and sending it in a dedicated NAS message to the UE.

-
Support alternating the extended DRX cycle with the normal DRX cycles.
Impacts on E-UTRAN/UTRAN:

-
Support RAT- protocol extensions to enable negotiation of extended DRX cycles

-
Modified handling of paging requests to accommodate the extended DRX cycle along with the normal DRX cycle. Also it may need to contain expanded buffers in order to buffer the paging requests received from the core network during the extended DRX cycle period.

-
Support indicating its support for extended DRX to the core network nodes.
-
(Option A) Support indicating its capability for extended DRX in the air interface.
Impacts on GERAN:

-
Support GERAN protocol extensions to enable negotiation of extended paging cycles
NOTE:  Which parameters are required to determine DRX e.g. broadcast and/or NAS and/or network parameters for this solution is dependent on RAN input.
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