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Abstract of the contribution:This contribution proposes a solution to combine RRC-INACTIVE and 5G UP optimization for efficient handling of bursty frequent small data.
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Discussion: 
While RRC-INACTIVE could be an appropriate solution to handle frequent small data, one open question is how to efficiently handle traffic patterns where the frequent small data occurs in bursts with significantly long silence periods in-between the bursts. To optimize UE power consumption during those silence periods, the UE may benefit from using power saving methods like MICO mode or eDRX. 

Given that MICO mode assumes the UE to be in CM-IDLE it anyhow does not apply to RRC-INACTIVE. However, eDRX may apply to RRC_INACTIVE (as has been proposed in solution 38).

The latter has led to the question where DL data buffering should be performed while the UE is in RRC-INACTIVE with eDRX.

One option to address this problem has been proposed in solution 7 where the buffering is performed in the core network while the UE is in RRC-INACTIVE state, i.e. while the N3 interface is still up and the core network is thus far - by design - not aware of UE reachability. The complexity and drawbacks of enabling this solution have already been analyzed in [1].

This solution proposes an alternative based on the following principles:

-
The UE is assumed to request idle mode eDRX parameters from the AMF taking the delay tolerance of all expected mobile terminating communication into account. The AMF determines the Accepted eDRX parameters.

NOTE: 
This assumption is in line with similar assumptions made in 23.682 [6] clause 4.5.13.1: "A UE should request for extended idle mode DRX only when all expected mobile terminating communication is tolerant to delay." and "The extended idle mode DRX cycle length requested by UE takes into account requirements of applications running on the UE."

-
The AMF passes the UE's Accepted eDRX parameter to the RAN. 

-
The RAN configures the UE's eDRX parameters while the UE is in RRC_INACTIVE as follows:

-
The RAN configures the eDRX cycle up to the UE's Accepted eDRX parameters as provided by the AMF.
-
The RAN shall only configure an eDRX cycle for which the RAN is capable and willing to buffer DL data.

-
While the UE is in RRC_INACTIVE with eDRX the buffering is performed in the RAN.

-
The AF may pass a DL communication pattern via NEF to AMF, which in turn passes the DL communication pattern to the RAN. 

-
The DL communication pattern indicates the likelihood of the AF to send downlink data per time unit (e.g. per hour) as well as the number of DL packets (if data is sent) that are sent before the first reply from the UE is expected.

-
The DL communication pattern enables the RAN to determine the likelihood of DL packets arriving while the UE is in deep sleep. When combined with the idle mode eDRX parameters provided by UE/AMF it enables the RAN to determine the likelihood that buffering is needed and for how long (both on average as well as the maximum buffering duration needed.). This enables the RAN to take an informed decision as to whether it can support buffering while the UE is in deep sleep based on eDRX.

-
Based on the UE's idle mode eDRX cycle as provided by the AMF and the DL communication pattern the RAN determines if

-
the RAN keeps the UE in RRC_INACTIVE with an eDRX cycle up to the UE's Accepted eDRX parameters as provided by the AMF (implying that the RAN buffers DL packets up to the duration of the eDRX cycle chosen by RAN); or alternatively,

-
the RAN uses 5GS UP Optimization (see solution 19), i.e. suspends the UE's RRC connection. In this case the buffering of DL data is performed in the core network using normal CM-IDLE procedures. 
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Proposal
In line with the previous section, the following changes are proposed to be applied to TR 23.724.
*** 1st Change ***
6.X
Solution X: Combining RRC-INACTIVE and 5G UP optimization for efficient handling of bursty frequent small data
6.X.1
Introduction
This solution addresses key issue 2, key issue 4 and key issue 13.

While RRC-INACTIVE could be an appropriate solution to handle frequent small data, one open question is how to efficiently handle traffic patterns where the frequent small data occurs in bursts with significantly long silence periods in-between the bursts. To optimize UE power consumption during those silence periods, the UE may benefit from using power saving methods like MICO mode or eDRX. 

Given that MICO mode assumes the UE to be in CM-IDLE it anyhow does not apply to RRC-INACTIVE. However, eDRX may apply to RRC_INACTIVE (as has been proposed in solution 38).
The latter has led to the question where DL data buffering should be performed while the UE is in RRC-INACTIVE with eDRX.
One option to address this problem has been proposed in solution 7 where the buffering is performed in the core network while the UE is in RRC-INACTIVE state, i.e. while the N3 interface is still up and the core network is thus far - by design - not aware of UE reachability. The complexity and drawbacks of enabling this solution have already been analyzed in [1].

This solution proposes an alternative.
6.X.2
Functional Description

The following principles apply to this solution:

-
The UE is assumed to request idle mode eDRX parameters from the AMF taking the delay tolerance of all expected mobile terminating communication into account. The AMF determines the Accepted eDRX parameters.
NOTE: 
This assumption is in line with similar assumptions made in 23.682 [6] clause 4.5.13.1: "A UE should request for extended idle mode DRX only when all expected mobile terminating communication is tolerant to delay." and "The extended idle mode DRX cycle length requested by UE takes into account requirements of applications running on the UE."

-
The AMF passes the UE's Accepted eDRX parameter to the RAN. 

-
The RAN configures the UE's eDRX parameters while the UE is in RRC_INACTIVE as follows:

-
The RAN configures the eDRX cycle up to the UE's Accepted eDRX parameters as provided by the AMF.
-
The RAN shall only configure an eDRX cycle for which the RAN is capable and willing to buffer DL data.

-
While the UE is in RRC_INACTIVE with eDRX the buffering is performed in the RAN.

-
The AF may pass a DL communication pattern via NEF to AMF, which in turn passes the DL communication pattern to the RAN. 
-
The DL communication pattern indicates the likelihood of the AF to send downlink data per time unit (e.g. per hour) as well as the number of DL packets (if data is sent) that are sent before the first reply from the UE is expected.
-
The DL communication pattern enables the RAN to determine the likelihood of DL packets arriving while the UE is in deep sleep. When combined with the idle mode eDRX parameters provided by UE/AMF it enables the RAN to determine the likelihood that buffering is needed and for how long (both on average as well as the maximum buffering duration needed.). This enables the RAN to take an informed decision as to whether it can support buffering while the UE is in deep sleep based on eDRX.
-
Based on the UE's idle mode eDRX cycle as provided by the AMF and the DL communication pattern the RAN determines if
-
the RAN keeps the UE in RRC_INACTIVE with an eDRX cycle up to the UE's Accepted eDRX parameters as provided by the AMF (implying that the RAN buffers DL packets up to the duration of the eDRX cycle chosen by RAN); or alternatively,
-
the RAN uses 5GS UP Optimization (see solution 19), i.e. suspends the UE's RRC connection. In this case the buffering of DL data is performed in the core network using normal CM-IDLE procedures. 
6.X.3
Support of EPC interworking
Solution does not apply to EPC.
6.X.4
Procedures

The external parameter provisioning procedure defined in TS 23.502 [7] clause 4.15.6.2 (External Parameter Provisioning) can be reused to provide DL Communication Pattern parameters to 5GC. Existing N2 procedures are extended to signal DL Communication pattern to the RAN.
6.X.5
Impacts on existing entities and interfaces
Editor's note:
This clause describes impacts to existing entities and interfaces.

6.X.6
Evaluation

Editor's note:
This clause provides an evaluation of the solution.

*** Next 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:


Alterantive 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 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 (i.e. similar as for DRX).
 
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:
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

Editor's note:
This clause describes if and how EPC-5GC interworking is supported by this solution.

TBD

*** End of changes ***
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