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Abstract of the contribution: Propose a solution for power save KI4 Track 2 based on MICO mode.
Background

In EPC two solutions, Power Save Mode (PSM) and eDRX, for extensive UE power save functionality are provided. They address slightly different usage models. The eDRX function is suitable for applications that require a predictable time when the UE is reachable for downlink data. The PSM function is mainly for an application where reachability is less important and long sleep cycles are essential for achieving the required battery life of the device. However it is possible to reach a device using PSM, when an “active time” has been configured. The “active time” period starts after any MO transaction (MO data or MO signalling). The device will enter ECM-IDLE during this “active time” before entering PSM again. The Core Network can page the device with a configured i-DRX timing during the active time period. 
The discussion paper S2-143325 clearly shows that the method of “active time” to provide predictable and reliable delivery of pending downlink data is the major drawback with PSM. S2-143325 shows that eDRX is more power efficient to deliver one MT data packet per day and the MT data delivery has a delay tolerance of less than 1 hour and the application reporting interval is longer than 1 hour (S2-143325 used every 6hours). This configuration requires the UE in PSM to send at least 5 TAU before the scheduled application UL traffic.
Observation 1: Controlling the reachability with a TAU is not efficient from a power consumption perspective. 
Observation 2: Long TAU timer values, or at least longer timer values than the scheduled application reporting, should be used to achieve best power consumption performance for the UE in PSM.
The ratio between UL and DL data is far from equal for most IoT devices. These devices might not receive any downlink data e.g. reconfiguration or firmware update in a very long time (weeks or even months). During this time the device will send uplink data to the application server many times. It would be very inefficient to require a solution that has an “active time” after each of these MO data transmissions.

Observation 3: Require an active time after every MO data delivery would be inefficient since most of the time there will be no pending downlink data.

In the 5GC, the MICO mode has been specified. In this mode the power consumption is only dependent on the application uplink data configuration (assuming that the periodic registration update can be long, at least longer than the application uplink reporting periodicity). However rel-15 has not provided a reliable solution for delivering of pending downlink data to a device in MICO mode.

The MICO mode can be compared with PSM with “active time” set to zero. This means that it is only possible to deliver down link data to the UE when the UE is in CM_Connected and RRC_Connected mode. The time needed to deliver the pending downlink data will vary depending whether the data is buffered in a network function or in an application server e.g. 3rd party application or SMS server. How long the UE would remain in CM_Connected and RRC_Connected is determined by RAN, based on inactivity timers. 

Observation 4: It is unpredictable for the Core Network how long time the UE will be in CM_Connected and RRC_Connected state, so that any/all pending data can be delivered. 

In LTE a mechanism exists where the MME can send a Pending Data Indicator to the eNB. This is fine but the behaviour after the indicator was sent is not specified in a deterministic manner, once the eNB gets this indicator. The specification only say that the eNB should consider this indicator when determining user inactivity (see TS 23.401 clause 4.3.17.7). Implementation specific solutions might provide a reliable behaviour, but it would be better if a reliable solution is specified for 5GS.

Observation 5: EPS legacy solution by sending Pending Data Indicator to eNB is good, but the specification does not provide a deterministic solution for reliable pending data delivery.

Proposal 1: Specify a reliable and deterministic solution for 5GS based on an indicator from AMF to RAN, to make sure that the RRC_Connection is not released until any downlink data has been delivered and confirmed.
Proposal

For Track 2 in KI4 a solution is proposed based on keeping the UE, configured in MICO mode, in CM_Connected and RRC_Connected for enough time to securely deliver any pending downlink data or signalling. The proposed solution is based on a Pending Data Indicator is sent to the RAN node and that RAN keeps the UE in RRC_Connected until the Core Network clears the indicator once all pending downlink data has been delivered. To handle potential error cases a maximum timer could be used so eventually the RRC Connection is released. 
Furthermore it is proposed that the c-DRX is configured to similar value as normal i-DRX e.g. 1.28s, 2.56s, 5.12s or even 10.24s. 

The proposed solution will further reduce the power consumption compared to legacy PSM with an active time set requiring the UE to monitor page occasions every time the UE sends UL data and most of the time no page will come.
It is proposed to include the following solution for KI4 track 2 to TR 23.724

* * * Start of change (all new) * * * 

6.X
Solution #X: MICO mode based power save mode
6.X.1
Introduction
This solution for Track 2 in KI4 is proposed based on keeping a UE, using MICO mode, in CM_Connected and RRC_Connected state until all pending downlink data or signalling has been delivered to the UE. 

NOTE: The part of reliable delivery of pending downlink data in this solution also relates to KI3 High Latency Communication.
6.X.2
Functional Description

The Power save function is provided with the MICO mode specified in rel-15 enhanced with a solution for reliable delivery of any pending downlink data or signalling. The proposed solution is based on that a Pending Data Indicator is sent to the RAN node and that RAN keeps the UE in RRC_Connected until the Core Network clears the indicator once all pending downlink data has been delivered. To handle potential error cases a CN inactivity timer could be used, to secure that the RRC Connection is released. Furthermore it is proposed that the connected mode C-DRX is configured to similar value as normal idle mode I-DRX values e.g. 1.28s, 2.56s or 5.12s. The specific C-DRX values to be used can be provided to the RAN node in the CN assistance IE.
6.X.3
Support of EPC interworking
MICO mode is not supported in EPC. A single registered UE will according to Rel15 performs either a TAU or attach when moving from 5GC to EPC. During any of these NAS procedures, the UE will negotiate the power save functionality with the EPC. The UE will decide whether to negotiate either eDRX or PSM and receive the corresponding power save parameters in the relevant accept message according to legacy procedures in TS 23.682 and TS 23.401.
6.X.4
Procedures
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Figure 6.x.4-1: MICO mode power save with reliable MT data delivery 
1. The UE Register according to TS 23.502 clause 4.2.2 and negotiates MICO mode according to TS 23.501 clause 5.4.1.3 with the additional parameter of C-DRX value for RRC_Connected state. The Core Network can be provisioned by the AF/AS via the NEF with the UE’s application reporting periodicity and this will aid the AMF to configure the UE with Registration Update timer values that are longer than the UE’s application sleep cycles. 
NOTE 1: The C-DRX value is expected to be long e.g. 2.56s
2.
Downlink data from AF/AS. 
3. 
Network Triggered Service request according to TS 23.502 clause 4.2.3.3 step 2-3 and in particular step 3b where the UE is in CM_IDLE and determined not reachable.
4. 
UE initiate UL data transmission triggered by application layer and send UL data according to selected small data communication solution in KI1 and KI2.
NOTE 2: The Uplink data transmission is shown as step 4b, but it can also happen after step 5 depending on the solution used i.e. Small data can be delivered already in RRC msg3, msg5 or after msg5 in the Random Access procedure.
5. 
The AMF detects that the UE is reachable and sends Pending Data Indicator to the RAN. According to selected solution for High Latency Communication KI3 the AMF will notify SMF/UPF or AF/AS that buffered data can be delivered or to resend any messages since the UE is reachable. RAN starts CN Inactivity timer.
Editor's note:
It is FFS whether the AMF also send the C-DRX value together with the Indicator in e.g. CN Assistance Information used for aiding the RAN to optimize the UE state transition steering.
Editor's note:
It is FFS whether RAN will send a RRC Connection Reconfiguration message to the UE in order to configure the UE’s C-DRX parameters or if the UE radio layer was already configured in step 1.
6.
All pending downlink data is delivered to the UE according to selected solution for small data communication solution in KI1 and KI2
7. 
The AMF detects that all pending data has been delivered. Once all pending data has been delivered the AMF clears the Pending Data Indicator by releasing the N2. 

Editor's note:
It is FFS whether the AMF clears the Indicator explicitly or implicitly by e.g. releasing the N2 as shown in the procedure.

8. 
RAN releases the RRC Connection either after the Pending Data Indicator has been cleared or due to the CN Inactivity timer expired.
6.X.5
Impacts on existing entities and interfaces
Editor's note:
This clause describes impacts to existing entities and interfaces.

AMF: 

· Requirement to clear the Pending Data Indicator once all pending data have been delivered.

RAN:

-
New behaviour before the RAN can release the RRC connection and release N2.
6.X.6
Evaluation

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

* * * End of changes * * * *
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