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Abstract: This contribution proposes an efficient concept to lower the amount of subscription data exchanged between HSS/HLR and CN nodes by introducing Subscription Profiles in order to reduce the overall load on HSS/HLR interfaces.
Introduction
This contribution follows up on S2-110801 which was discussed at SA2#83 (SLC).  At that time it was agreed to include the basic concept of subscription profiles into clause 6.2.2 “Solution 1: Optimizing subscription data download from HSS” of TR 23.843 but to leave details of subscription profile handling for further study. The following note was included TR 23.843:
Editor’s note:  
The details of employing the Subscription Profile ID in the Insert Subscriber Data procedure are FFS. It needs to be studied further if there could be risks that subscription records stored in HLR/HSS and CN node can get unsynchronized.
This contribution addresses the above Editor’s note and proposes details of employing Subscription Profiles in the Insert Subscriber Data procedure. It is discussed how subscription profiles should be defined, managed, and how synchronization of the profiles between the various nodes can be maintained. Further usage of subscription profiles for roaming subscribers and coexistence with Super-Charged networks is discussed.
Discussion

Avoidance of overload on HSS/HLR interfaces

Overload on HSS/HLR interfaces is partially due to the fact that the size of messages sent from HSS/HLR to Core Network nodes (e.g. SGSN, MME, MSC/VLR, S-CSCF, 3GPP AAA) which include subscription data, is increasing with every release of the 3GPP specifications. When the MAP protocol is used, the bare size of certain MAP information elements (e.g. InsertSubscriberDataArg in the Insert Subscriber Data (ISD) message), causes message segmentation by the MAP layer. MAP segmentation requires acknowledgements for each message segment (see TS 29.002, [3]). Such acknowledgements further increase the load on MAP-based HSS/HLR interfaces.

By introducing subscription profiles identifiers, and transferring identifiers instead of the entire list of subscription data on HSS/HLR interfaces, the size of ISD messages can be reduced substantially for both MAP [3 ]and Diameter based protocols [4].
Such subscription profiles are actually already used today in commercial products to simplify the administration of subscriber data in HSS/HLR. Typically a set of up to 256 different profiles is sufficient to maintain in an HSS/HLR. However, up to now Subscription Profile ID's are not used on the interfaces between HSS/HLR and CN nodes. In this paper, we propose to extend such concepts to apply also to the download of subscription data from HSS/HLR to other Core Network nodes. 
Such solution also substantially improves the efficiency of subscription data storage and processing in Core Network nodes.
Definition of Subscription Profiles

As defined in [2], the term subscriber data is used to designate all information associated with a subscription which is required for service provisions, identification, authentication, routing, call handling, GPRS mode transmission, charging, subscriber tracing, operation and maintenance purposes. Some subscriber data are referred to as permanent subscriber data, i.e. they can only be changed by administration means. Other data are temporary subscriber data which may change as a result of normal operation of the system.
Permanent subscriber data can be further separated into user identities and static data (e.g. including APN subscriptions, ODB parameters, etc.).
A Subscription Profile should have the following characteristics: 
· It is defined as a set of static subscription data parameters (Information Elements), IE_1 … IE_M, which represents a subset of the overall subscription data record, and which is typically shared by a large number of subscribers.
· It can be identified by a Subscription Profile ID.
· Each Subscription Profile used by one operator in his entire administrative domain is assumed to be comprised of the same set of subscription data record IE_1 … IE_M.
A Set of Subscription Profiles is comprised of all Subscription Profiles employed in an operator’s network domain. Such set can be represented in form of a table as shown below, consisting of N Subscription Profiles, where each information element of the profile IE_m may take a different setting Val_nm in each of the N profiles (the values Val_nm must of course correspond to the data structure as defined for each individual information element of the profile IE_m) . 
	Subscription
Profile ID
	Subscription Profile

	
	IE_1
	IE_2
	
	IE_m
	…
	IE_M

	1
	Val_11
	Val_12
	
	Val_1m
	
	Val_1M

	2
	Val_21
	Val_22
	
	Val_2m
	
	Val_2M

	…
	…
	…
	
	…
	…
	…

	n
	Val_n1
	Val_n2
	
	Val_nm
	
	Val_nM

	…
	…
	…
	
	…
	…
	…

	N
	Val_N1
	Val_N2
	
	Val_Nm
	
	Val_NM


The complete Set of Subscription Profiles needs to be stored in the HSS/HLR only. A CN node only needs to know the Subscription Profiles assigned to any of its served users. A specific CN node may require only a subset of the parameters defined for each subscription profile, as e.g. some parameters may be required by a MSC/VLR only, while others may be required by a SGSN or MME only.
It can be left to the network operator to define which part of subscription data is included as integral part of a subscription profile, which subscription data is not part or the profile. In the Insert Subscriber Data message respective differentiation between IE’s which are part of the subscription profile and IE’s which are not part of the subscription profile needs to be implemented. 
Transfer of Subscription Profiles from HSS/HLR to CN nodes and synchronization
There are two basic approaches how to inform the CN nodes of the Subscription Profiles in use:
1) Pre-configuration in the CN nodes via administrative tools
2) Building and managing subscription profiles in the CN nodes “on the fly”, i.e. by sending a Subscription Profile ID and the associated subscription data record from the HSS/HLR to the CN node when the CN nodes indicates that it does not know the Subscription Profile ID 
In the following, it is assumed that subscription profiles in the CN nodes are built “on the fly” as part of the existing location updating procedures (i.e. Attach, RAU, TAU, LAU and applicable combinations thereof).
Pre-configuration may be applied concurrently. In this case preconfigured entries of a subscription profile can be regarded as default settings (which may be the same for all profiles or different for different Subscription Profile IDs). Here we assume that pre-configuration could be performed with OAM procedures not in the scope of the present proposal and probably not required to be standardized.
Lifetime of subscription profiles
The proposed concept must ensure that subscription profiles stored in the CN nodes are always synchronized with the ones in the HSS/HLR. For this purpose the same mechanism can be applied which is used for the Super-Charger function [5]. 
In a Super-Charged network, subscription data is retained by the previous network entity when the subscriber roams to a new network entity.

When a subscriber performs location updating in a Super-Charged network, the HLR cancels the subscription information at the previous network entity only, if it does not support the Super-Charger functionality. If the network entity to which the subscriber has roamed has retained subscription data from a previous visit, then the HLR sends subscription data to the network entity only if the retained subscription data is not consistent with the data stored by the HLR. 
To keep subscription data synchronized among the nodes, it is associated with an “Age Indicator” (for each individual user). The Age Indicator is a time stamp assigned by the HLR which is sent together with subscription data to a CN node in ISD messages.
The serving CN node indicates support for Super-Charger to the HLR and includes the Age Indicator. The HLR then uses the Age Indicator to determine whether the subscription data retained in the CN node is valid or not. If the subscription data is valid, the HLR does not send any static subscription data with the Subscription Profile ID. If it is invalid, it sends a new record of subscription data to the requesting CN node together with the Profile ID.
Coexistence with Super-Charger function
The above briefly reviewed Super-Charger concept can perfectly coexist with the proposed subscription profile approach and complement each other. The Subscription Profile ID just represents an identifier for a collection of subscription parameters and can be regarded as one additional subscription parameter itself. So the proposed scheme has no implication on the Super-Charger function as such. 

If both Super-Charger function and Subscription Profile are supported simultaneously, it suffices to use a single Age Indicator that serves both functions.
To enable coexistence of CN nodes which do support or do not support the proposed scheme, a “Subscription profile supported indicator” needs to be introduced similarly as “Super-Charger Supported in Serving Network Entity” indication.

Support of roaming subscribers
It is rather straightforward to introduce the proposed scheme within an operator’s home network. Any operator may apply his individual set of subscription profiles and IDs. However, if the concept should be applicable to roaming users there are two implementation options:
1) Home and visited network operators need to agree on the same set of subscription profiles.
2) Subscription Profile ID’s are associated with a PLMN ID to enable use of different sets of subscriber profiles for each PLMN.

Since the subscriber profile tables in the serving CN entities can be created “on the fly” as described above, there is no principal problem to support the proposed scheme for roaming users. The main cost of supporting roaming is that for each PLMN ID a separate table with the subscription profiles needs to be maintained in each CN entity.
We suggest to keep support of subscription profiles for roaming subscribers as FFS.
Backward compatibility

It should be possible to introduce the proposed Subscription Profile concept in a backward compatible way, i.e. CN nodes not enhanced to support Subscription Profile IDs should coexist with CN nodes upgraded to support Subscription Profile IDs.

Solutions fulfilling this requirement, inherently also allow to apply, within one upgraded CN node, Subscription Profile IDs for some users, while for other users Subscription Profile IDs are not applied. This can be useful for instance to differentiate between home users (e.g. Subscription Profile ID applied) and roaming users (e.g. Subscription Profile ID not applied). 
To enable backward compatibility and differentiation between users we suggest to introduce a “Subscription Profile ID supported by serving network entity” indicator into Location Updating messages, similarly as done e.g. for support of Super-Charger functionality.
Use cases for Subscription Profiles
The proposed procedure should apply to following signalling procedures requiring update of subscriber data: 

· location updating, 

· restoration of subscriber data (TS 23.007, [1]),   
· modification of subscriber data by operator.  

The optimization requires changes of the existing Update Location and Insert Subscriber Data procedures as defined in 23.060 and 29.002 for MAP based interfaces and in 23.401 and 29.272 for Diameter based interfaces. The main change is the introduction of the Subscription Profile ID. To enable backward compatibility and differentiation between users within a CN node a “Subscription Profile ID supported (by serving network entity)” indicator is included into the Update Location Request message. HSS/HLR not enabled for this optimization never include Subscription Profile IDs into Insert Subscriber Data messages. 

When a subscription profile is changed, HSS/HLR shall initiate a subscription profile update to all the   impacted CN nodes which have UEs attached using the changed subscription profile. Each of the CN node shall then enforce the updated subscription profile for all affected users.
The proposed concept also has the potential to enable the subscriber himself to request a change of subscription data by indicating a specific Profile ID to the CN node (i.e. SGSN or MME) that the subscriber is allowed to use. This can be done by including a set of allowed subscription IDs in each subscription data record. This feature could be useful to enable a UE to switch between profiles, e.g. between a profile most suitable for an M2M device and a profile that allows services beyond machine-type communication. Note that such concept can be regarded as a generalization of the Multiple Subscriber Profile (MSP) feature as specified in TS 22.097 and TS 23.097.
Proposal

We propose to update the text in clause 6.2.2 of TR 23.843 as suggested below.

References:

[1]
3GPP TS 23.007: "Restoration procedures".
[2]
3GPP TS 23.008: "Organisation of subscriber data".
[3]
3GPP TS 29.002: “Mobile Application Part (MAP) specification”

[4]
3GPP TS 29.272: “Mobility Management Entity (MME) and Serving GPRS Support Node (SGSN) related interfaces based on Diameter protocol”

[5]
3GPP TS 23.116: "Super-Charger Technical Realization; Stage 2."
* * * Start of proposed changes in TR 23.843 * * * *

6.2.2
Solution 1: Optimizing subscription data download from HSS

6.2.2.1
General
The risk of overload on HSS/HLR interfaces is partially due to the fact that the size of messages sent from HSS/HLR to Core Network nodes (SGSN, MME, MSC/VLR) which include subscription data, is increasing with every release of the specifications.

When the MAP protocol is used, e.g. on the Gr interface, the bare size of certain MAP information elements (e.g. InsertSubscriberDataArg  in the Insert Subscriber Data (ISD) message), causes message segmentation by the MAP layer. MAP segmentation requires acknowledgements for each message segment (see TS 29.002). This further increases the load on MAP-based HSS/HLR interfaces.

Subscription data consists of following three types of information:

· user identities (e.g. IMSI, MSISDN), 

· dynamic data (e.g. SGSN number, SGSN address, MNRG),
· static data (e.g. APN subscriptions, ODB). 

Static subscription data is highly duplicated among the individual user subscriptions. Even big network operators with more than 500 million subscribers typically offer less than 100 different tariffs. However, subscriptions for the same tariff type usually share the same static subscription data for all corresponding users. 

The duplication property of static subscription data can be utilized by introducing the concept of Subscription Profile IDs on HSS/HLR interfaces. 

The Subscription Profile ID serves as an identifier of a corresponding record of static subscription data stored in CN nodes (SGSN, MME and MSC/VLR) and in HLR/HSS. It can be used in messages indicating subscriber data from the HLR/HSS to the CN nodes instead of providing the entire data record itself.


The duplication property of static subscription data can be utilized by introducing the concept of Subscription Profile IDs on HSS/HLR interfaces as outlined in Figure 6.2.2.1-1 and Figure 6.2.2.1-2 for MAP and Diameter based interfaces, respectively.
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Figure 6.2.2.1-1: Enhanced subscriber data management for MAP based interfaces
1. The CN node (SGSN, MME or MSC/VLR) sends an Update Location Request (IMSI, Subscription Profile ID supported, Age Indicator) message to the HSS/HLR, which triggers the enhanced subscriber data management procedure. Subscription Profile ID supported IE indicates to the HSS/HLR that the CN node supports Subscription Profile IDs. If Subscription Profile IDs are supported, and the CN node has a subscription data record for that user available it also provides an Age Indicator. Depending on the Age Indicator, the HSS/HLR decides if the subscription profile needs to be updated or not. 
2.
The HSS sends an Insert Subscriber Data (IMSI, MSISDN, Subscription Profile ID, Age Indicator, other IEs) message. This message may include a Subscription Profile ID enabling the CN node to identify a corresponding record of static subscription data stored in that node. If all or selected parameters of a subscription profile need to be updated, the HSS/HLR includes these into the ISD message. The Age Indicator indicates the updated time of validity of the subscription profile.
3.
If the Subscription Profile ID is known to the CN node it completes the procedure by sending an Insert Subscriber Data Ack message to HSS/HLR.
4.
If the Subscription Profile ID is not known in the CN node, it requests the Subscription Profile for the given unknown Subscription Profile ID received in step 2.

5.
The HSS/HLR delivers the requested Subscription Profile. 
6.
The CN node acknowledges reception of the Subscription Profile.

7.
The CN node completes the Update Location procedure with an Update Location Ack message.
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Figure 6.2.2.1-2: Enhanced subscriber data management for Diameter based interfaces

1. The CN node (SGSN, MME or MSC/VLR) sends an Update Location Request (IMSI, Subscription Profile ID supported, Age Indicator) message to the HSS/HLR, which triggers the enhanced subscriber data management procedure. Subscription Profile ID supported IE indicates to the HSS/HLR that the CN node supports Subscription Profile IDs. If Subscription Profile IDs are supported, and the CN node has a subscription data record for that user available it also provides an Age Indicator. Depending on the Age Indicator, the HSS/HLR decides if the subscription profile needs to be updated or not. 

2.
The HSS sends an Update Location Ack (IMSI, MSISDN, Subscription Profile ID, Age Indicator, other IEs) message. This message may include a Subscription Profile ID enabling the CN node to identify a corresponding record of static subscription data stored in that node. If all or selected parameters of a subscription profile need to be updated, the HSS/HLR includes these into the Update Location Ack message. The Age Indicator indicates the updated time of validity of the subscription profile. If the Subscription Profile ID is known to the CN node the procedure is completed in this step.
3.
If the Subscription Profile ID is not known in the CN node, it requests the Subscription Profile for the given unknown Subscription Profile ID received in step 2.

4.
The HSS/HLR delivers the requested Subscription Profile. 
5.
The CN node acknowledges reception of the Subscription Profile.
Subscription Profiles for roaming subscribers may be supported by associating a PLMN ID with the Subscription Profile ID and maintaining a different set of subscription profiles for each individual home network identified by PLMN ID.
Synchronization of subscription profiles among CN nodes

It must be ensured that subscription profiles stored in the CN nodes are always synchronized with the ones in the HSS/HLR. For this purpose the same mechanism can be applied which is used for the Super-Charger function, i.e. by means of an Age Indicator (time stamp) assigned by the HLR which is sent together with subscription data to a CN node, e.g. in MAP ISD messages.

The serving CN node could then indicate support for Subscription Profile IDs to the HLR and includes the Age Indicator. The HLR uses the Age Indicator to determine whether the subscription data retained in the CN node is valid or not. If the subscription data is valid, the HLR does not send any static subscription data with the Subscription Profile ID. If it is invalid, it sends a new record of subscription data to the requesting CN node together with the Profile ID.

The Super-Charger concept can coexist with the subscription profile approach and complement each other. The Subscription Profile ID just represents an identifier for a collection of subscription parameters and can be regarded as one additional subscription parameter itself. So the proposed scheme has no implication on the Super-Charger function as such. 

If both Super-Charger function and Subscription Profile are supported simultaneously, it suffices to use a single Age Indicator that serves both functions.

Backward Compatibility

To enable coexistence of CN nodes which do support or do not support Subscription Profile ID’s, a “Subscription profile supported indicator” needs to be introduced similarly as “Super-Charger Supported in Serving Network Entity” indication.

The Subscription Profile ID concept can be introduced in a backward compatible way, i.e. CN nodes not enhanced to support Subscription Profile IDs can coexist with CN nodes upgraded to support Subscription Profile IDs.

Solutions fulfilling this requirement, inherently also allow to apply, within one upgraded CN node, Subscription Profile IDs for some users, while for other users Subscription Profile IDs are not applied. This can be useful for instance to differentiate between home users (e.g. Subscription Profile ID applied) and roaming users (e.g. Subscription Profile ID not applied). 

To enable backward compatibility and differentiation between users, a “Subscription Profile ID supported by serving network entity” indicator could be introduced into Location Updating messages, similarly as done e.g. for support of Super-Charger functionality.

Editor’s note:  
It is FFS whether Subscription Profiles shall be used for home subscribers only or apply to roaming users too. If the concept should be applicable to roaming users home and visited network operators need to agree on the same set of subscription profiles, or Subscription Profile ID’s need to be associated with a PLMN ID to enable use of different sets of subscriber profiles for each PLMN.
6.2.2.2
Evaluation
Benefits

Introducing Subscription Profile IDs has potential to 
· substantially reduce the load on the interfaces between HSS/HLR and Core Network nodes (e.g. SGSN, MME, MSC/VLR, S-CSCF, 3GPP AAA) due to efficient representation of static subscriber data,
· substantially reduce the memory required for storage of subscriber data in Core Network nodes,
· reduce processing time and simplify management of subscriber data in the Core Network nodes.
Impacted protocols and specifications
A Set of Subscription Profiles is comprised of all Subscription Profiles employed in an operator’s network domain. Such Set of Subscription Profiles needs to be stored in the HSS/HLR only. A CN node only needs to know the Subscription Profiles assigned to any of its served users. A specific CN node may require only a subset of the parameters defined for each subscription profile, as e.g. some parameters may be required by a MSC/VLR only, while others may be required by a SGSN or MME only.

It can be left to the network operator to define which part of subscription data is included as integral part of a subscription profile, and which subscription data is not part or the profile. In the Insert Subscriber Data message, respective differentiation between IE’s which are part of the subscription profile and IE’s which are not part of the subscription profile needs to be implemented. 
Introduction of Subscription Profiles has impact on following signalling procedures: 

· location updating, 

· restoration of subscriber data (TS 23.007),   

· modification of subscriber data by operator. 
The optimization outlined in Figure 6.2.2.1-1 and Figure 6.2.2.1-2 requires changes of the existing Update Location and Insert Subscriber Data procedures as defined in 23.060 and 29.002 for MAP based interfaces and in 23.401 and 29.272 for Diameter based interfaces. The main change is the introduction of the Subscription Profile ID. To enable backward compatibility and differentiation between users within a CN node a “Subscription Profile ID supported (by serving network entity)” indicator is included into the Update Location Request message. HSS/HLR not enabled for this optimization never include Subscription Profile IDs into Insert Subscriber Data messages. 

When a subscription profile is changed, HSS/HLR shall initiate a subscription profile update to all the impacted CN nodes which have UEs attached using the changed subscription profile. Each of the CN node shall then enforce the updated subscription profile for all affected users.
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