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Abstract of the contribution: this paper analyzes the potential solutions space for HLCOM and the target of these solutions.

Introduction

The objective of the HLCOM work is to study possible enhancements to applications which communicate with devices that are not reachable for a long period over the 3GPP IP connectivity. In other words, the scope addresses the need to offer server-side of applications the ability to notify a UE that is not reachable due e.g. to a battery saving policy (e.g. it is in PSM, or it may even be otherwise temporarily not reachable).  This paper analyzes this problem in detail and the potential solutions and finally draws some conclusions on the way forward.
Discussion

For the sake of discussion in this paper we shall focus on devices that

1) Have an established PDN connection AND:
2) Do not detach from the network

A UE that meets conditions 1) and 2) should in principle have a contact IP address registered with a notification service of one or more applications. If they go detached or tear down the PDN connection registered with the notification services of their applications, they should have deregistered from the applications notification capabilities so their IP address is no longer used as it is no longer valid. Exceptionally, such devices may detach abruptly e.g. due to failures, going off coverage etc… this may give the device OS or applications no opportunity to deregister from notification services. This may require application to apply other means to notify the device on 3GPP access (e.g. SMS based). In addition an attached device has no valid IP address registered (i.e. a 2G/3G device which is attached but with no PDN connection) a clear way to deliver notifications would be via existing short messaging capabilities. This is to say that it is not foreseen the HLCOM solution will completely remove the need of SMS-based triggers. 
So, the assumption in the remainder of the paper is that the device has an IP address registered with a notification service and that the applications running on the device are such that they benefit from DL notification but they are tolerant to these notifications being received with potentially significant latency (so really these are notification/messaging/delayed polling type of applications).

So not in scope of this effort are applications that use DL notifications expecting IMMEDIATE response, which of course imply that devices cannot e.g. enter the PSM state.
We can now delve more in the potential domains of application:
1) Applications which are totally vertically integrated: these could set rendezvous time when the server and the device need to sync up… so in this case the requirement of unscheduled DL notification is probably not of frequent use and limited to exceptional events like need to perform an unplanned SW update earlier than the next rendezvous. One could argue the existing SMS based triggering approach may be sufficient here. If they do not set rendezvous time and engage in unscheduled communications most likely they will need immediate response as vertically integrated applications should be aware of the active timer and TAU values used by the operator, for instance. 
2) Applications that are not vertically integrated which run on an OS that includes a SCS supporting notification aggregation from these applications. This SCS can 
a. set rendezvous times (sort of a keep alive of the registration with the SCS) or allow devices to handle it as a mailbox for notifications. Effectively, this makes the notification pulled by the device on the user plane via an MO data procedure.
b. use the SMS trigger between rendezvous times if the rendezvous time is not adequate for certain applications.
c. set a "message waiting" flag in the HSS as illustrated in tdoc S2-143163 and when the HSS is notified of UE activity for an "Active timer" the SCS sends on the user plane a notification.
d. Just send DL notification and when one is not deliverable due to non reachability of the device get it buffered in the SGW till the device becomes active again, according to some method that 3GPP may define.

3) Applications which are not vertically integrated which do not use a common SCS supporting notification aggregation and directly attempt to notify the device. These applications can certainly display the same behaviour as the SCS in case 2, however their number is undetermined and for instance case 2d) seems to be more complicated as the amount of buffering required in SGW increases and buffer drop policies should become source/destination aware and even application aware. In fact the usefulness of this approach based on SGW buffering needs to be scoped to the cooperation of applications/ecosystem to be aware of possible long delays in response e.g. to an initial IP packet sent. So for the remainder we will fold this case into case 2 with the caveat it is likely to be more demanding to the wireless infrastructure and less efficient.

The Case of vertically integrated applications seems uninteresting as timing at the application layer can resolve most of the cases. 
The case of not vertically integrated applications further can be subject to other considerations:

· Application layer (over the top) SCS not relying on the infrastructure (direct mode of operation) can be interesting for devices which have a relatively good frequency of MO data. Over the top mechanisms are also more suitable for access independent domain of application (i.e. devices that may stay connected on non 3GPP access for a significant amount of time), while here the focus is 3GPP access devices.
· Devices that display no or little MO data for a relatively long time may burden the system unnecessarily by the need to pull notifications from the SCS when they are ready to receive them hence SMS triggers or some flag set in HSS notifying of UE activity  or buffering of DL data in SGW could be beneficial.
Proposal:
The solutions proposed for HLCOM should focus on devices that send little or no mobile-originated data and use exclusively 3GPP access. For this domain of application an approach based on HSS Notification of UE activity or the existing SMS based triggering or buffering of notification in SGW may be considered. The last scheme requires study that may result in consideration that could be shared with the extended DRX proposal by Qualcomm at SA2#104, and should be subject of study/identification of the particular domain of application and protocols it can apply to.
Conclusions

The HLCOM solution addresses the needs of applications that are tolerant to large delay in reaching the intended device and the device is on 3GPP access. These are non-vertically integrated applications that drive infrequent Mobile Originated UE activity (comparable or smaller than e.g. the frequency of TAUs). For this domain of application HSS based notification or existing SMS based triggers may be considered, as well as buffering of DL notifications in the SGW. SMS based triggers assume the endpoint can handle SMS and that the SMS infrastructure is retained. HSS based notifications assumes control plane events are normally the trigger for delivery of the notification AND that there is a known time interval over which the device is available. Buffering in SGW works also when there is no known interval of availability but may impose some issues in the SGW implementations and may have some protocol issues that need addressing (e.g. timeout elapsing in user data protocols). The latter may be part of a study on extended DRX for idle mode support.
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