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Abstract of the contribution: This paper proposes a solution for paging delay tolerant mobile terminals and applications for Key Issue #5 - UE Tx Power Saving Functions. Re-submission from S2#126 in Montreal.
1
Proposal

This contribution proposes to implement the following updates to TR 23.724 v 0.3.0.
* * * Start of Change * * *

6.X
Solution #X: Paging for delay tolerant applications in the UE
6.X.1
Introduction
This section presents a solution for Key Issue 5 – UE Tx Power Saving Functions.
It addresses the issue where a UE is paged in low radio coverage conditions and the UE consumes much more power to exchange data with the network in low radio coverage conditions. It proposes a delayed paging feature which allows the UE to delay the answer to paging in bad radio conditions which increases the chances for the UE to answer to paging when the coverage conditions are better. The proposed solution can benefit mobile services and applications that are delay tolerant.

6.X.2
Functional Description

The solution for paging delay tolerant mobile terminals and applications is based on the following principles:

· Delayed paging feature in the core network – An AF can subscribe for a delayed paging and the AF can request a delayed paging where the answer from the mobile terminal can be delayed as the service or the application is delay tolerant. The AF may provide parameter for the allowed max number of delayed paging repetitions by the AMF in case the UE does not answer and also a parameter defining the time interval between the delayed paging repetitions. The AMF pages the UE with a delayed paging indication in the paging message. If the UE does not answer to the first delayed paging attempt (normal paging cycle), the AMF may repeat the paging with delayed paging indication after the expiry of a delayed paging interval which defines the time interval between two delayed paging cycles. The AMF may repeat the delayed paging as many times as set by the max number of delayed paging parameter. If all attempts for delayed paging are unsuccessful, the AMF falls back to normal paging, i.e. the AMF pages the UE without the indication for delayed paging.

· Delayed paging feature in the UE – when a delayed paging capable UE is paged for delayed paging (e.g. with delayed paging indication in the Paging message) and the the radio coverage conditions at that moment are not good (e.g. based on implementation or based on the radio signal quality, e.g. the radio signal quality is below a threshold set and configured in the UE by the operator) the UE may decide not to answer to the delayed paging message. In this case the network may repeat the delayed paging after the expiry of the delayed paging interval if the max number of the delayed paging repetitions are not exhausted.

6.X.3
Support of EPC interworking
Editor's note: This clause describes if and how EPC-5GC interworking is supported by this solution.

6.X.4
Procedures

Figure 6.x.4-1 shows the procedure for paging for delay tolerant mobile terminals and applications.
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Figure 6.x.4‑1: Delayed paging procedure
1) An AF may subscribe with the SMF/UPF/AMF for delayed paging, e.g. to be notified when the UE responds to delayed paging.

2-3 A UE capable of delayed paging feature indicates its capability for delayed paging support during the registration procedure in the Registration Request message. 

4) When an AF wants to exchange delay tolerant data with a UE, the AF invokes downlink Nnef_DataTransfer (external UE Id, delayed_paging_ind, N_delayed_paging_repetitions, T_delayed_paging_interval). The delayed_paging_ind parameter is present when the AF request is for delayed paging. The N_delayed_paging_repetitions parameter defines the maximum number for delayed paging repetitions i.e. how many times the delayed paging can be repeated by the AMF if the UE did not respond. The T_delayed_paging_interval parameter defines the time interval after which the delayed paging can be repeated by the AMF. 
5) The NEF retrieves the UE identity from UE's external identifier and triggers Namf_Communication_N1N2_message_transfer service operation.
6) If the UE is capable of delayed paging, the AMF invokes Paging Request with an indication for delayed paging and starts T delayed paging interval timer.
7) When the UE receives delayed paging (i.e. with the delayed paging ind in the Paging Request message) and the UE is aware of the radio coverage conditions, the UE does not responds to the delayed paging if the radio coverage conditions are considered as not good.
Editor’s note: It is FFS how the UE decides whether the radio coverage conditions are good.
8) If the AMF has not received response from the UE to the delayed paging within the normal paging cycle, then at the expiry of the T delayed paging interval the AMF repeats the delayed paging again if the number of N delayed paging repetitions is not reached. The AMF invokes another Paging Request message to the UE with delayed paging indication in it.
9) When the UE receives delayed paging and the UE is aware of the radio coverage conditions, the UE does respond to the delayed paging if the radio coverage conditions are considered as good.
10) The UE answers to the delayed paging.
11) At receiving the Paging Response/Service Request from the UE, the AMF notifies the AF about the UE response to the delayed paging.
12) A data exchange (DL and/or UL) takes place.
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.

* * * End of Change * * *
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