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Abstract of the contribution: This contribution proposes to define the Asynchronous Communications.
1. Discussion

This contribution proposes to define the Asynchronous Communication feature and functionalities in 5G architecture according to the agreements on related issues.
Normally, the synchronized communication procedure is the communication procedure executed one by one only after the previous communication procedure is finished and the following communication procedure can be executed. The benefits of synchronized communication procedure is that the requester and receiver are kept the same status after the communication procedure is finished, but the disadvantage of synchronized communication procedure is that one long executing time communication procedure can block all the following communication procedure to be executed.
The asynchronous communication procedure is the procedure that the following procedure can be executed without requiring the previous procedure is finished. The benefits of asynchronous communication procedure is that multiple procedures can execute in parallel so the asynchronous communication procedure can greatly improve system performance, e.g. for the procedures with long executing time procedures or high latency procedures. The long executing time procedure or high latency procedure does not block the following procedure and the following procedure can be executed at the same of the previous long executing time procedure. 

There are a lot of key technologies to support asynchronous communication procedure and some technologies have been used in 3GPP system.

1) Storage and Forwarding
Store the data/message for a period of time (e.g. if the UE is in idle or not available) and latterly forward the data/message (e.g. after the UE is connected status).

To further better support the forwarding the data/message, the expiring time and or priority of the data/message are introduced.

MT SMS data can be stored in SMS-SC for over several hours (even days) before the SMS is finally transmitted to the UE. The expiring time and priority of SMS are defined in 3GPP to improve the SMS efficiency.
This Asynchronous communication procedure is also documented in solution 4.23 and is agreed in TR 23.799 as below: 
---------------------8.3
Agreements on Key Issue #3: Mobility management------------------
…
6.
The NG CN may suspend the Session Management procedure with RAN and UE if the UE is in CN Idle state and paging for the UE is not possible or not required, and continues the Session Management procedure with the RAN and the UE (i.e. synchronizes the session context with the RAN and the UE) when the UE enters in CONNECTED state.
….
------------------End of citation-------- 

2) Event and Report
One network function can be configured with event filters (or triggers) (e.g. UE enters the Connected state). If an event filter is matched, the network function generates an even report to another network function.

The event filters are allowed to be configured, modified and deleted. The even report is one-time, continuous or periodical.

The Event-Report technology enables network function immediately response to any event, in such way the network provides dynamical capabilities and functions to face the changes, i.e. the network can provide flexible functions.
A lot of (e.g. 8) M2M monitoring events are defined in chapter 4.5.6 of TS 23.682, and if the monitoring event is matched in the MME/SGSN, HSS or PCRF, a corresponding monitoring report will be sent to the SCEF then be forwarded to the SCS/AS. Some monitoring reports are one-time reporting, some monitoring reports are continuous reporting.
Also a lot of (i.e. over 20) PCC events and report are defined in the Table 6.2 of TS 23.203. 

3) Subscribe and Notify
The service-based interface is introduced for the 5G. The service-based APIs have been widely used in the IT industry (note: the term "Subscribe and Publish" is used). One of the key enabler technologies to support service-based interface is the "Subscribe and Notify" function: one NF (network function) subscribes one or multiple "service(s)" (or "topic(s)" in some technical paper) that are provided by other NFs, if one "service" is available or its state is changed, all NFs having subscribed this special "service" will be notified with the new information of the "service". Normally, the NF providing this special "service" registers this "service" to a service registry and can change or modify the service and its state.
The Subscribe-Notify technology can support multicast message delivery, message delivery w/ or w/o in order, message priority, message reliable delivery. 
One widely used Subscribe-Notify (i.e. Subscribe-Publish) technology is MQTT (see http://mqtt.org/), other widely used Subscribe-Notify technologies are AQMP (see https://www.amqp.org/), ZeroMQ (see http://zeromq.org/) and RabbitMQ (see https://www.rabbitmq.com/).
4) Submit and Callback

A requester NF submits a message to a receiver NF to request a service, this message/service normally takes some long time to finish. The requester NF will provide a call-back indication to the receiver NF in the submit message. The receiver NF immediately acknowledges to receive the submit message to the requester NF and continues to execute the submitted service, and the requester NF continues to do other things without stopping there to wait for the executing result. After the submitted service is finished by the receiver NF, the receiver NF sends a new callback message to the requester NF to provide the result of the submitted service. This function also can be used to the service-based interface.
The submitted message can be recalled, cancelled by the requester. 

A lot of distributed communication (e.g. JavaScript-based web communication) uses this Submit-Callback technology, e.g. AJAX, jQuery, to improve the response with the user interaction.
2. Way Forwarding
Native SMS is supported in 5G and Asynchronous Session Management is also agreed to be supported in 5G. And most important, the service-based interface is introduced for the 5G as key technology and the Subscribe-Notify technology has been agreed in the TS.

It is assume that all the above 4 types of Asynchronous Communication technologies will be introduced in the 5G. To help to support the Asynchronous Communication technologies in 5G, it is proposed to documents the basic description of the 4 types of Asynchronous Communication technologies and the usages of these 4 types of Asynchronous Communication technologies in TS23.501 and TS23.502 are also collected.
3. Proposal

It is proposed to capture the following definition about Asynchronous Communications to NextGen TS 23.501.
* * * First change* * * *
5.x
Support for Asynchronous Communication

The asynchronous communication procedure is the communication procedure that the following communication procedure can be executed without requiring the previous communication procedure is finished. The benefits of asynchronous communication procedure is that multiple communication procedures can execute in parallel so the asynchronous communication procedure can greatly improve 5G system performance, e.g. for the procedures with long executing time procedures or high latency procedures. The long executing time procedure or high latency procedure does not block the following procedure and the following procedure can be executed at the same of the previous long executing time procedure. 

The following asynchronous communication technologies are supported in 5G system.

1) Storage and Forwarding

Store the data/message for a period of time (e.g. if the UE is in idle or not available) and latterly forward the data/message (e.g. after the UE is connected status).

To further better support the forwarding the data/message, the expiring time and or priority of the data/message are introduced.
The chapter xx.xx in TS 23.501 and chapter yy.yy in TS 23.502 use this Storage-Forwarding technology.
2) Event and Report

One network function can be configured with event filters. If an event filter is matched, the network function generates an even report to another network function.

The event filters are allowed to be configured, modified and deleted. The even report is one-time, continuous or periodical.

The chapter xx.xx in TS 23.501 and chapter yy.yy in TS 23.502 use this Event-Report technology.
3) Subscribe and Notify
One NF(network function) subscribes one or multiple "service(s)" that are provided by other NFs, if one "service" is available or its state is changed, all NFs having subscribed this special "service" will be notified with the new information of the "service". 

The Subscribe-Notify technology can support multicast message delivery, message delivery in order or without order, message priority, and message reliable delivery. 

The chapter 7.1.1 in TS 23.501 and chapter yy.yy in TS 23.502 use this Subscribe-Notify technology.
4) Submit and Callback
A requester NF submits a message to a receiver NF to request a service, this message/service normally takes some long time to finish. The requester NF will provide a call-back indication to the receiver NF in the submit message. After the submitted service is finished by the receiver NF, the receiver NF sends a new callback message to the requester NF to provide the result of the submitted service. 
The submitted message can be recalled, cancelled by the requester. 

The chapter xx.xx in TS 23.501 and chapter yy.yy in TS 23.502 use this Submit-Callback technology.
* * * End of the change* * * *
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