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Abstract of the contribution: eDRX with RRC Inactive – solution update and evaluation
Discussion

Solution 38 outlines how eDRX is used for UE in CM-CONNECED with RRC_INACTIVE. Three alternatives are listed in clause 6.38.2 for how the eDRX parameters can be set in relation to eDRX in CM-IDLE.


Alternative 1: The same extended DRX parameters and thus DRX cycle is used for UE in CM-IDLE as well as in CM-CONNECTED with RRC_INACTIVE. This ensures that paging occasions will overlap when UE is paged by the CN (CM-IDLE) or by NG-RAN (RRC_INACTIVE).


Alternative 2: The UE requests different extended DRX parameters in the registration request to be used when in UE is in CM-IDLE and CM-CONNECTED with RRC_INACTIVE.

 
Alternative 3: The UE requests idle mode eDRX parameters from the AMF. The AMF passes the UE's Accepted idle mode eDRX parameters to the RAN. The RAN configures the UE with an eDRX cycle up to the value for the UE's idle mode eDRX cycle as provided by the AMF or up to the maximum value allowed based on the NAS retransmission timers (whichever is lower). The RAN buffers DL packets up to the duration of the eDRX cycle chosen by RAN.

OBSERVATION 1:

It is essential that CIoT applications (in AS and UE) shall be able to use a wide and full range of sleep cycles. Using an alternative 3 approach, where the eDRX cycle length is constrained by the NAS retransmission timers in RRC_INACTIVE, would basically only allow sleep cycles with eDRX up to approximately a minute at a maximum.

The RAN configures the UE with an eDRX cycle up to the value for the UE's idle mode eDRX cycle as provided by the AMF or up to the maximum value allowed based on the NAS retransmission timers (whichever is lower)

In addition, since MICO mode depends on polling the network for DL data, such polling has to be rather infrequent (e.g. approximately 15 min or more rarely) not to drain the UE battery power too fast. That would leave a “dead interval” between approximately 1 and 15 minutes where it would impossible to set a reachability requirement for 5G CIoT. That is, if an application had a MT reachability requirement for a device of e.g. 5 minutes, there would be no power saving method available in 5G with the coupling to the NAS retransmission timers in CM-CONNECTED with RRC_INACTIVE as solution 41 and solution 38 alt 3 proposes.   

Being able to combine paging and power saving such as in eDRX is a competitive advantage that 3GPP technology has compared to other competing radio technologies for IoT. For a device it is much more power efficient to only switch on the radio receiver and listen to paging periodically than to switch on the radio transmitter and poll the network periodically. As such it is crucial that 5G CIoT shall offer a full range of sleep cycles, i.e. eDRX must be possible to use up to sleep intervals where MICO mode can be used without any signalling and power efficiency penalty. 

Transmission of MT NAS PDUs to the UE in CM-CONNECTED with RRC_INACTIVE can be handled using NAS non-delivery messages from RAN to AMF when a UE is not reachable due to an eDRX sleep interval.  

CONCLUSION 1:

eDRX shall be possible to use as a power saving method for CM-IDLE and CM-CONNECTED w/ RRC_INACTIVE at least up to sleep cycle length where MICO mode can start to be used without any signalling penalty and UE power consumption penalty. 
OBSERVATION 2:
In TS 23.501, clause 5.3.3.2.5 it is specified:

If a UE in CM-CONNECTED with RRC Inactive state performs cell selection to GERAN/UTRAN/E-UTRAN, it shall follow idle mode procedures of the selected RAT as specified in clause 5.17.
In addition, a UE in CM-CONNECTED state with RRC Inactive state shall enter CM-IDLE state and initiates the NAS signalling recovery (see TS 24.501 [47]) in the following cases:
-     If RRC resume procedure fails,

-     If the UE receives Core Network paging,
-     If the periodic RAN Notification Area Update timer expires and the UE cannot successfully resume the RRC Connection,

-     In any other failure scenario that cannot be resolved in RRC Inactive state and requires the UE to move to CM-IDLE state.

This implies that the UE listens to both RAN paging and CN paging, which is also confirmed by TS 38.300 clause 9.2.5 “Paging”. Therefore, it needs to be ensured that the RAN paging configuration provides paging occasions that coincide with the paging occasions provided by the AMF paging configuration.
CONCLUSION 2:

Therefore, it seems reasonable and useful that the same and synchronized eDRX cycles is used for 5G CIoT UEs in order to maximize UE power saving (UE sleep intervals are maximized when synchronized and not fragmented into more and smaller intervals). 
Proposal
Solutions 38 in TR 23.724 is updated. 

***** First Change *****
6.38
Solution 38: eDRX RRC_INACTIVE STATE in 5GS

6.38.1
Introduction

The proposal is to enable an eDRX equivalent feature from EPS in 5GS for UE in RRC_INACTIVE. It addresses Key Issue 4, Power saving functions. 
6.38.2
Functional Description
The proposal is to enable an eDRX equivalent feature from EPS in 5GS for UE in RRC_INACTIVE.
As the 5GC has a different architecture and some new functionality compared to EPC some adaptions are needed compared to eDRX in EPS. The following adoptions are needed:

-
eDRX sleep cycle negotiation:


In EPC the UE requests extended idle mode DRX parameters during attach procedure and RAU/TAU procedure and the SGSN/MME may reject or accept the UE request for enabling extended idle mode DRX .
In case the SGSN/MME accepts the extended idle mode DRX, the SGSN/MME based on operator policies and, if available, the extended idle mode DRX cycle length value in the subscription data from the HSS, may also provide different values of the extended idle mode DRX parameters than what was requested by the UE. If the SGSN/MME accepts the use of extended idle mode DRX, the UE applies extended idle mode DRX parameters either as received or modified by SGSN/MME.

The same principles can be used on 5GC but the procedures used by the UE to request extended DRX parameters will be Registration and Registration Update. 

Three alternatives regarding extended DRX parameters are listed:


Alternantive 1: The same extended DRX parameters and thus DRX cycle is used for UE in CM-IDLE as well as in CM-CONNECTED with RRC_INACTIVE. This ensures that paging occasions will overlap when UE is paged by the CN (CM-IDLE) or by NG-RAN (RRC_INACTIVE).


Alternative 2: The UE requests different extended DRX parameters in the registration request to be used when in UE is in CM-IDLE and CM-CONNECTED with RRC_INACTIVE.

 
Alternative 3: The UE requests idle mode eDRX parameters from the AMF. The AMF passes the UE's Accepted idle mode eDRX parameters to the RAN. The RAN configures the UE with an eDRX cycle up to the value for the UE's idle mode eDRX cycle as provided by the AMF or up to the maximum value allowed based on the NAS retransmission timers (whichever is lower). The RAN buffers DL packets up to the duration of the eDRX cycle chosen by RAN.
NOTE 1:
The maximum value will be determined by CT groups and is assumed to be configured in the RAN.

In EPS the UE and the SGSN/MME handle the request. In 5GS the UE handling shall be the same but in 5GC it will be the AMF instead of SGSN/MME. 
-
Subscription information
:


Extended DRX cycle length value needs to be added in the subscription data from the UDM using the same principles as in EPS. For alternative 2, an RRC_INACTIVE specific extended DRX cycle needs to be added.

-
Hyper SFN, Paging Hyperframe and Paging Time Window.


Same handling as in EPC but in 5GC the AMF will assign the Paging Time Window. The AMF will include the Paging Time Window in the extended DRX parameters to the UE and in the paging eDRX information to the NG-RAN.
NOTE 2:
Whether the solution for Hyper SFN and Paging Hyperframe in NB-IoT and WB-E-UTRAN in the 5GS Rel-16 will look the same as extended idle mode DRX (eDRX) in E-UTRAN depends on RAN further work.
6.38.3
Support of EPC interworking


eDRX depends on UE provided parameters in Attach/TAU respective Registration Requests, plus subscription information and local policies in the MME respective AMF. This means the eDRX handling can be kept separate in EPC and 5GC and no specific interworking is required.
6.38.4
Procedures

The existing procedures in 5GC will be reused to handle the eDRX signalling between AMF, NG-RAN, UDM and UE.
6.38.5
Impacts on existing entities and interfaces
In alternative 1 the UE shall send request for extended DRX parameters, that are valid for CM-IDLE and CM-CONNECTED with RRC_INACTIVE to the AMF. 

In alternative 2 the UE sends RRC_INACTIVE specific extended DRX parameters to the AMF. The UE will also receive the extended DRX parameters and utilize this information for extended DRX handling.

The AMF shall handle the request from the UE and reject, modify or accept the request. If accepted (as is or with modification) the AMF shall set the extended DRX parameters and supply relevant parameters to UE and NG-RAN.
The UDM may include the extended DRX cycle length value in the subscription data to the AMF.

The NG-RAN will receive the paging eDRX information from the AMF.

6.38.6
Evaluation



This solution use eDRX for CM-CONNECTED w/ RRC_INACTIVE. It allows eDRX cycles longer than the 2.54 seconds to increas device battery efficiency while UEs are using CM-CONNECTED w/ RRC_INACTIVE. The length of the eDRX cycle supported in RRC inactive depends on the alternative chosen during study conclusion.
***** End of Changes *****
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