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Abstract of the contribution: This contribution proposes several updates to solution 33.
Background
This contribution intends to address the following Editor's notes.

Editor's note: This clause describes if and how EPC-5GC interworking is supported by this solution.
The solution is not supported in EPC, when the UE moves to EPC, UE disable the delayed paging capability.
Editor's note: It is FFS whether the AMF can page the UE within the narrower area.
For normal paging, the AMF can page the UE within the narrower area than RA area, e.g. a cell list. If paging fails, the AMF can page the UE within RA area. For the response delayed paging, the AMF can also page the UE within a cell list area, and when the delayed paging response window expires, if the AMF hasn’t received UE paging response, the AMF recognises the paging failure, and then can page the UE within the RA area.
Editor's note: It is FFS how the UE chooses the better coverage.

In current step 9-10, it is stated that it is based on UE implementation or radio signal quality thresholds configured in the UE via OMA DM to determine whether the coverage is good or bad. Therefore, the editor’s note can be removed.
Proposal

It is proposed to include the following key issue in TR 23.724.
* * * Start of change * * * 

6.33
Solution 33: Delayed Paging Response

6.33.1
Introduction

This solution propose a solution for Key Issue 5 – UE Tx Power Saving Functions.

UE transmitting power is sensitive to the link quality, for example, the UE's transmitting power needed is about 100 times higher when RSRP is -100dBm compared to when RSRP is 80dBm. In the current mechanisms, when a page arrives, the UE will attempt to transmit the page response in any coverage condition, e.g. in good, in weak coverage, or even in enhanced coverage. When in weak coverage, UE might transmit with maximum TX power, and maybe try many times; when in enhanced coverage, UE will repeat the TX signal tens or hundred times, all of which consume significant amount of UE battery power.

Some IoT devices or applications are delay tolerant i.e. the data exchange is not urgent, (e.g. IoT device software update, advertisement push, notification message etc). This solution intends to avoid the UE responds the paging in a very bad coverage, which would consumes much more UE battery power.

This solution targeting moving mobile terminals and may not be applied to stationary mobiles for which coverage is unchanged most of the time.
6.33.2
Functional Description

This clause describes a solution for delayed response to the paging by the UE when paged for delay tolerant services. A UE capable of delayed paging response indicates its capability for delayed paging during registration and the UE is allocated a delayed paging response window. The AMF can obtain the delayed paging response window from the specific AF which UE subscribes. When such a UE is paged with indication for delayed paging and the radio coverage conditions are poor, the UE may decide to delay the transmission of the response to the paging until radio conditions improve, while still within the delayed paging response window.
Some assumptions and requirements are made:

1)
The AF may subscribe for delayed paging service so that it is notified when the UE responds to the paging.

2)
The AMF can determine the delayed paging response window from the subscription data.

3)
The AMF can obtain the delay tolerant information via the Namf_Communication_N1N2MessageTransfer service operation related to the incoming downlink data.

4)
The AF or the UPF can buffer the downlink data so it is available at least during the delayed paging response window.

5)
The mechanism to establish the PDU Session and data transmission depends on the solution defined in other key issues.

6)
The UE monitors all paging occasions (POs) including POs within the delayed paging response window. In case the UE uses the eDRX feature the UE monitors only the PO's scheduled within the PTW that was received during eDRX negotiation.

6.33.3
Support of EPC interworking

Not applicable since there is no corresponding mechanism specified in EPC.
6.33.4
Procedures
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Figure 6.33.4-1: Paging for delay tolerant UEs and applications
1.
An AF may subscribe with the SMF/UPF/AMF for delayed paging response, e.g. to be notified when the UE responds to delayed paging. The AF may also provision the delayed tolerant service level information via the NEF, this information is used by the AMF to determine the delayed paging response window.

2.
UE initiates Registration Request, indicating to the AMF that UE is delayed paging capable.

3. The AMF obtains UE subscription information to verify the UE attributes and the subscribed service characteristic information. The AMF may obtain a delayed paging response service information from the subscription information.

4.
The AMF accepts the registration request from the UE and returns delayed paging response window. The AMF shall take into account the subscription information when determining the delayed paging response window.

5.
When an AF wants to exchange delay tolerant data with a UE, the AF invokes downlink Nnef_DataTransfer (external UE Id, delayed_paging_ind). The delayed_paging_ind parameter is present when the AF request is for delayed paging.

6.
The NEF derives the UE identity from UE's External identifier and triggers Namf_Communication_N1N2_message_transfer service operation.
7-8. When AMF receives the Namf_Communication_N1N2MessageTransfer with delayed paging indication, the AMF sends paging message to the UE with delayed paging indicator. The AMF may page the UE in registration area granularity in order to avoid the case where the UE has moved out of the paging area, e.g. the last known cell or tracking area. The AMF can also page the UE within a narrower area (e.g. the cell list) than the registration area in order to save paging overhead, and if the AMF does not receive UE paging response during the delayed paging response window, AMF can re-page the UE in the whole registration area.

9-10. After receiving the paging message with delayed paging indication, the UE may delay the response to the paging if current radio conditions are not good (based on UE implementation or radio signal quality thresholds configured in the UE via OMA DM, for example) until better radio conditions within the delayed paging response window. If signal quality thresholds are used for the UE to decide when the radio condition are good or not good, the operator may configure the UE with lower signal quality thresholds so that the UE employs the paging delay behaviour only when the current radio coverage is really bad or the worst coverage (e.g. the UE is close to cell borders or coverage hole). This way the UE's chances to get better radio coverage conditions before the delayed paging response window expires are much higher.

NOTE 1:
If a UE, based on implementation, is determined to be temporary stationary, then the UE may decide not to delay the page response even if the radio conditions are not good.

11.
The expected Paging Response/Service Request from the UE is received within the delayed paging response window. If the paging response is not received after the delayed paging response window timer expires, AMF will fall back to normal paging and will re-page the UE with normal paging.

12.
The AMF notifies the AF about the UE response to the delayed paging.

NOTE 2:
If the UE receives a normal paging message during the delayed paging response window, the UE shall respond to this paging message. All pending DL data can then be delivered including the DL data that triggered the delayed paging message.

6.33.5
Impacts on existing entities and interfaces

NEF:

-
New API allowing the AF to provision the network via the NEF with delayed tolerant service requirements

AMF:

-
AMF to support the new function of delayed tolerant paging response window e.g. acquire new subscription info, determine the window size, and provision the delayed paging response window to the UE during Registration procedure.

RAN:

-
The Uu Paging message need to include one new bit, the "delayed paging indicator", so the UE can differentiate whether the page is for delay tolerant DL data or not.

UE:

-
UE to support delayed paging capability indication within the Registration Request message and the new behaviour associated with this feature.

6.33.6
Evaluation

* * * End of changes * * * 
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