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1. Introduction

Subscribe/Notify mechanisms exist on many (UDC-external) interfaces between core network entities and the HSS/HLR. This contribution analyses some of these existing mechanisms and concludes on the need for a Subscribe/Notify mechanism on the Ud interface between HLR/HSS-FE and UDR.
2. Examples for Subscribe/Notify mechanism between existing Core Network Entities and HSS/HLR

2.1 Sh-SNR / Sh-PNR

Subscribe Notifications Request (SNR) and Push Notifications Request (PNR) are used on the Sh interface between Application Server (AS) and HSS. 
The application logic in the AS may decide that it needs to be informed whenever specific data stored in the HSS are modified. If so, the AS sends SNR (subscribe) to the HSS. It is pre-defined which data are subscribable by this method. As an option, the AS may also read the subscribed data, i.e. request to receive the actual value within SNA (subscribe functionality may be combined with read functionality). SNR may also be used by the application logic in the AS to un-subscribe or to subscribe for a limited period of time (i.e. implicitly un-subscribe after time out).
The application logic in the HSS, when receiving SNR (subscribe), returns the actual value of the subscribed data to the AS within SNA (if the AS requested to read the data), may modify the expiry time and return the new value to the AS, and stores (adds) information related to the "subscription-to-notifications" (address of the AS, expiration time, which data are subscribed,...).
When receiving SNR (un-subscribe), the application logic in the HSS deletes the stored information related to the "subscription-to notifications".

When the application logic in the HSS detects that subscribable data are modified, it checks whether the data are actually subscribed and if so PNR is sent to the AS. PNR includes the changed data. If data are subscribed but the subscription is expired, the stored information related to the subscription is deleted and no PNR is sent.
A specific data may be subscribed by more than one AS.

2.2 MAP-ATM / MAP-NSDM

AnyTimeModification (ATM) and NoteSubscriberDataModified (NSDM) are used on the MAP-J interface between gsmSCF and HLR.

The mechanism is quite similar to the previous one. Differences are that the subscribe functionallity is implicitly combined with a read functionality (ATM-ack contains the actual value of the subscribed data) and may be combined with a write functionality (ATM  may contain other data values to be stored in the HLR) .Although the name of the ATM message suggests that it is used to modify data, it can be used to subscribe to notificatins. By modifying the data value of "modifyNotificationToCSE" from "deactivate" to "activate" the gsmSCF subscribes to notifications, by modifying the value from "activate" to "deactivate" the gsmSCF un-subscribes. 
It is pre-defined which data are subscribable by this method.

A specific data may be subscribed by more than one gsmSCF.

2.3 Cx-SAR / Cx-PPR
Server Assignment Request (SAR) and Push Profile Request (PPR) are used on the Cx interface between S-CSCF and HSS.

This is a kind of implicit subscription mechanism. The application logic in the S-CSCF does not expicitly tell the HSS which data are subscribed since it is implicitly understood that the subscriber profile as a whole need to be sent to the S-CSCF when modified.
Depending on the value of Server-Assignment-Type within SAR, the SAR message may be considered a subscribe or un-subscribe request.
When the application logic in the HSS detects that subscribable data are modified, it checks whether the data are actually subscribed and if so PPR is sent to the S-CSCF (e.g. PPR is not needed to be sent if the user is unregistered and the data modification impacts only the registered part of the user profile, i.e. when the user is unregistered, the registered part of the profile is implicitly not subscribed by the S-CSCF). PPR includes the changed data.

The subscription profile may be subscribed by not more than one S-CSCF. When a second S-CSCF tries to subscribe, this is handled as an error situation by HSS.
2.4 MAP-UpdateLocation, MAP-Purge / MAP-InsertSubscriberData

These messages are used on the MAP-D interface between VLR and HLR.
Again, this is an implicit subscription mechanism. MAP-Purge serves as an un-subscribe request.

It is pre-defined which data are subscribable by this method.

The subscriber data may be subscribed by not more than one VLR. A new VLR implicitly un-subscribes the old VLR.

2.5 MAP-ReportSM-DeliveryStatus / MAP-AlertServiceCentre

These messages are used on the MAP-C interface between SMS-GMSC and HLR.

The SMS-GMSC requests to be notified when the MNRF, MNRG, UNRI flags are modified from set to cleared. When it indicates "successful transfer" the MAP-ReportSM-DeliveryStatus may be considered an un-subscribe request. 
It is implicit that this subscribe mechanism is a "on time subscription" i.e. after notification (AlertServiceCentre) the subscription is implicitly deleted.
The "MNRF/MNRG/UNRI flags modified to cleared" may be subscribed by more than one SMS-GMSC.

2.6 There are other examples of Subscribe/Notify mechanisms

3 Summary of UDC external subscribe/notification mechanisms

All the different "subscribe/unsubscribe – notification" mechanisms discussed in previous sections have some common aspects:
a) the entity that issues the subscribe request is the same entity that may issue the un-subscribe request (if explicit unsubscribe is supported on the interface) and that receives the notification.

b) the entity that receives the subscribe request (HSS/HLR) performs application specific application logic (e.g. accept and add a second subscribe or accept and replace a second subscribe or deny a second subcribe, keep or delete subscribe information after notification, ...).
c) the entity that receives the subscribe/un-subscribe request (HSS/HLR) stores(adds/modifies/deletes) information related to the "subscription-to-notifications". This information is user data.
d) it is pre-defined which data are subscribable by which application.

e) the entity that issues the notification (HSS/HLR) performs application specific checks when subscribable data are modified in order to determine whether to notify the UDC-external entity.
4 Mapping of UDC-external subscribe/un-subscribe/notify messages to Ud message
4.1 Subscribe/Un-subscribe

When receiving a subscribe or un-subscribe request (SNR, ATM, SAR, UpdateLocation, Purge,...) from a core network entity (AS, gsmSCF, S-CSCF, VLR, SMS-GMSC,...) the HSS/HLR stores (add/replace) or deletes information related to the "subscription-to notifications". In an UDC environment where the HSS/HLR in fact is a FE, this results in write access (add or replace or delete) to the UDR. The Ud-Subscription to Notification procedure therefore is a special case of Ud-Update Data procedure where not any data (as in the general case) but only "subscription-to-notifications information" is updated.
4.2 Notify

Sending a UDC-external notification message (PNR, NSDM, ISD, AlertServiceCentre,...) to a core network entity is always triggered by a modification of subscribable data. However there are cases where

a) an UDC-external notify message is sent without a Ud-Notify being sent before: e.g. when the HSS-FE receives Sh-PUR from AS1 (to update repository data) the HSS-FE sends PNR to AS2 (which has previously subscribed to that repository data) without receiving a Ud-Notify.
b) an UDC-external notify message is not sent although a Ud-Notify was received: e.g. when RegionalSubcription data relevant for VPLMN X are modified by a provisioning FE (that does not also support MAP), Ud-Notify is sent to a HLR MAP FE which detects that the current VLR is not in VPLMN X and therefore does not send the UDC-external notify message (ISD).
The need for Ud-Notify messages is only introduced by the existence of "specialized" FEs. In an UDC environment where all FEs support all types of application (provisioning and HLR and HSS and...) there is no need for Ud-Notify. Only when one FE writes data to the UDR but cannot perform the needed communication to an UDC-external entity itself, another FE (which can perform the needed communication) needs to be selected and notified via Ud.
4.3 Modification of subscribable data in the UDR
It is pre-defined which data are subscribable by which application. 

· Whenever data subscribable by a VLR is modified in the UDR by an FE that does not support MAP-D interface, and a VLR address is stored (i.e. not purged) in the UDR, the UDR selects an HLR-FE and sends notify to the selected FE. The selected FE then checks whether actually the VLR needs to be notified (ISD). 

· Whenever data subscribable by an AS is modified in the UDR by an FE that does not support Sh interface, and a AS-address is stored in the UDR, the UDR selects an HSS-FE and sends notify to the selected FE. The selected FE then checks whether acutually the AS needs to be notified (PNR).

· Whenever data subscribable by an S-CSCF is modified in the UDR by an FE that does not support Cx interface, and a S-CSCF-address is stored in the UDR, the UDR selects an HSS-FE and sends notify to the selected FE. The selected FE then checks whether acutually the S-CSCF needs to be notified (PPR).
· Whenever data subscribable by an SMS-GMSC/SMSC (MNRF/MNRG/UNRI flags) is modified in the UDR by an FE that does not support MAP-C interface <actually this does never happen>, and a SC-address is stored in the (MWD in the) UDR, the UDR selects an HLR-FE and sends notify to the selected FE. The selected FE then checks whether acutually the SC needs to be notified (Alert ServiceCentre).
· Whenever data subscribable by a gsmSCF is modified in the UDR by an FE that does not support MAP-J interface, and a gsmSCF-address is stored in the UDR, the UDR selects an HLR-FE and sends notify to the selected FE. The selected FE then checks whether acutually the gsmSCF needs to be notified (NSDM).
4.4 Additional Data 
The Ud-Notify message sent from the UDR to an FE contains not only the modified data but also additional data which are used by the FE to perform application logic and to be able to decide and send  the UDC-external notification (Sh-PNR, MAP-NSDM, Cx-PPR, MAP-ISD). What these data are is pre-known in the UDR and there is no need to explicitly request this at subscription-to-notifications time:
e.g: 

When iFCs are modified in the UDR by a provisioning FE and an S-CSCF address is stored in the UDR, the UDR selects and HSS-FE and sends notify to the selected HSS-FE. The notify contains all data needed by the HSS-FE (complete user-profile, S-CSCF address,...) to be able to send PPR. There is no need for the HSS-FE to indicate to the UDR which additional data are needed when iFCs are modified; it is pre-known by the UDR that the complete user-profile, the S-CSCF address, and... are to be sent.
4.5 Conclusion

UDC-external subscribe/un-subscribe messages (SNR, ATM, SAR, Purge,...) do result in Ud-write (add/modify/delete) messages.

UDC-external notify messages are not directly related to Ud-notify messages.
Additional Data needed within Ud-notify messages are pre-configured in the UDR and need not be dynamically requested at "subscription-to-notifications time".
5 Proposal

It is proposed to 
-clarify in 23.335 technical realization and information flows that Subscription to Notifications on the Ud interface effectively is a special case of Update Data Procedure on Ud interface;

-delete additional data from the subscription procedure;

-add example call flows to 23.335 Annex A to show examples for the subscription/notification mechanism
