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Abstract of the contribution: Proposes a solution for scenario B

*** First Change ***
5.x
Solution x: Coordination using the UE application
5.x.1
Description
This solution relates to Scenario B “Coordination of maximum latency between the application and the network” (clause 4.2). The solution describes how the UE should set parameters related to power saving functions e.g. PSM and eDRX. This might also be subject to UE certification (but that is a decision out of scope for this study).
For 3GPP devices that use power saving functions, the 3GPP network will instruct the device to power down their radio functions as soon as there is a pause in the communication, e.g. a period of time after the device has moved to ECM-IDLE. The devices will power on their radio functions periodically to synchronize with the 3GPP network, e.g. for sending their periodic TAU/RAU update, listening to the paging channel or just sending uplink data. The result of this behavior is that if data is sent to such a device, it will take some time before the device can respond (given that the data is buffered in the network, see clause 5.2 above). 

Application Servers, which need to initiate data transmissions to devices that are applying power saving functions, may control the maximum latency for downlink data to the device by applying the procedure described below. When it is possible and sufficient to configure the maximum response time in the devices themselves, steps 1 to 3 in the figure below may be omitted.
The “maximum response time” in the figure is the “maximum latency” studied in this TR. It is the delay an application may experience for the initial downlink IP packet after a pause in packet transmissions where a power saving function has become active for the 3GPP IP connection.
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1-3.
An SCS/AS has IP connectivity with a device. The SCS/AS knows the maximum acceptable response time for the application and communicates this value to the application in the device using application specific signaling. In case the value is already known in the device by other means e.g. pre-configuration, this procedure may also start at step 4.

NOTE: Step 2 and 3 are application specific out of 3GPP scope.
4.
Local UE configuration, operator policies and the maximum acceptable response time for the application are considered when the parameters for PSM and eDRX are set in the EMM/GMM NAS requests sent to the MME/SGSN. 

When there are multiple SCS/ASes using different maximum acceptable response times, the device is recommended to use the minimum of these values to satisfy all SCS/ASes.

NOTE: The eDRX study (and other potential future WIs for new power saving functions) needs to consider how the eDRX parameters are passed in NAS request/response messages and how parameters for eDRX are aligned with other existing power saving functions i.e. PSM. This include considerations how the max response time is be conveyed when several different parameters (power saving functions) are used, for example what happens if there is a possibility for the network to negotiate some values (e.g. a too short periodic timer) and if the network then can switch to eDRX instead of PSM etc. 
5.
The MME/SGSN checks the received parameters and time values and sets relevant MME/SGSN timers based on the received time values, operator policies and network configuration. The MME/SGSN can negotiate values or switch power saving function if there is a conflict between requested parameters and operator policies or network configuration. The used values should also consider characteristics of power saving functions, e.g. missed paging opportunities at eDRX. This may result in that the used values are less than the maximum response time for the application (e.g. half the time values).
6a. 
In case PSM is used, the negotiated Active time and Extended Periodic Timer are returned in the NAS response. The parameters are set not to exceed the maximum response time. Potentially also a DRX value is returned depending on the result of the eDRX study.
6b. 
In case eDRX is used, potentially the negotiated DRX value and Periodic timer are returned in the NAS response, depending on the result of the eDRX study. The parameters are set not to exceed the maximum response time and parameters may be less when different aspects of the eDRX (e.g. missed paging opportunity) are considered. 

7b.
In case eDRX is used, any Paging request message is sent to the eNB/RNC/BSC based on the negotiated DRX value (depending on the result of the eDRX study).
8.
The end-to-end experience should be that any (initial) MT data does not exceed the maximum response time conveyed in step 3 & 4.

5.x.2
Recommendations for Cellular IoT application developers

Application Servers, which need to initiate data transmissions to devices that are based on 3GPP technology and are applying power saving functions to reduce the energy consumption in the device, should follow the recommendations below.
For 3GPP devices that use power saving functions, the 3GPP network will instruct the device to power down their radio functions as soon as there is a pause in the communication. The devices will however power on their radio functions periodically to synchronize with the 3GPP network. The result of this behavior is that if data is sent to such a device, it will take some time before the device can respond, i.e. until the next synchronization occurs. It is possible for application servers to control this maximum response time. Application servers that wish to do this should follow a procedure as described by steps 1 to 5 below. 

When it is possible and sufficient to configure the maximum response time in the devices themselves, only steps 3 to 5 needs to be followed.
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5.x.3 
Impacts on existing nodes and functionality

UE:

-
Potential impact on UE API (e.g. AT commands) for passing the maximum response time and a decision logic in the UE for selecting the periodic tracking area time value according the most stringent application requirement.

SGSN/MME:

- 
None. 


Potential future new power saving functions:

-
Need to consider aspects clarified in the NOTE in step 4 of 5.x.1. 

5.x.4
Evaluation 
The solution makes it possible for applications to set the maximum acceptable response time it will experience when the 3GPP system applies power saving functions such as PSM and potentially eDRX (depending of eDRX study results). Only minor system impacts depending on eDRX study results. 
*** Last Change ***
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5. The parameters in the NAS request are examined and relevant MME/SGSN parameters and timers set. If power saving functions shall be used, the parameters/timers are set in such a way that the maximum response time is not exceeded.  








2. The maximum acceptable response time is decided by the application
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6a. EMM/GMM NAS Response ( Active time, Extended Periodic time )  





8. The maximum response time experienced end-to-end over the IP connection when power saving functions are active is equal or less than the maximum response time value conveyed in step 3 & 4.
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6b. EMM/GMM NAS Response (eDRX value, Extended Periodic time )  
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2. Application specific signaling ( maximum response time )





4. 3GPP Attach/RAU/TAU request ( maximum response time )  





1. The application decides its maximum acceptable response time for mobile terminated transmissions to devices that applies 3GPP power saving functions. The application uses configuration or other application logic to decide the maximum response time. The longer the maximum response time is, the more power efficient operation will the device have.   
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5. The network adjusts its parameters (e.g. “sleeping intervals”) to not exceed the maximum response time for any initial IP packet sent to the device after a pause in communication. 





3. The application in the device uses considers local UE configuration, network policies and the maximum response time for the application when it passes sets parameters in NAS requeststo lower layers of the device 
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