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1. Background

In many deployment variants, beside of the Application Server functions, the CSN is often required to provide some Call Routing capabilities. Generally speaking, the routing requirements consist of directing the outbound call leg into an appropriate direction and shaping the call parameters in a way required for the selected direction. Additionally, in some cases, the routing of outbound call involves interactions with more than one network, in a sequential manner.  

To create a proper separation of concerns between the Application Server functionality and the Call Router functionality an attempt was made to encapsulate the latter using the concept of “Device Domain” (or “Domain”). The current requirement (3.5) is to refine the Domain concept implementation to make it more consistent, ubiquitous and flexible.    

Technically, the Domain is a set of parameters and the rules of using these parameters when preparing the outbound call leg. The parameters include the Domain Type, which is used to determine the call establishment procedure for the Service Logic.

 Note, that the call establishment (actual extending of the outbound leg) is not included into the domain behaviour, but is the Service Logic responsibility. The Domain, again, just prepares the call “appearance”. 

2. Related Concepts

There are concepts of ASI and non-ASI calls applicable to IMS-based CSN deployments. Arguably, all calls outgoing from CSN are ASI calls, as the CSN Single Number service replaces either calling or called party on the call, logically breaking the iFC chain. However, in cases when a subscriber device ID on the call and the SDN are the same, the substitution is actually transparent to the S-CSCF and the iFC chain could continue. As this could be beneficial for some services interactions, the non-ASI call concept should be kept in the CSN. However, a more formal definition of ASI vs. non-ASI calls should be provided.
For this purpose a new system-wide flag IMS-BASED-DEPLOYMENT is being introduced. 

When the flag is OFF, all calls are considered ASI calls for the Service Logic purposes.
When the flag is ON, the calls are ASI calls as well, unless they are non-PSI-initiated and the subscriber device ID on the call is equal the subscriber’s SDN. In the latter case, these calls are considered non-ASI calls. Technically, such calls are distinguished as the calls initiated through the SIP interface (as opposite to DCE/TCAP/JTAPI) and having the subscriber device ID (either Orig or Term) equal the SDN.
3. Domain Structure
The following is the set of Domain parameters and the associated rules. Most of the parameters are common for all domain types. Cases where a parameter is a type-specific are indicated. 

The domain should be implemented as a superset. The setting of parameters not relevant to a specific Domain type should not have an adverse effect.
It worth mentioning that despite the complexity of the domain concept, which is the price of flexibility, all the domain elements are optional and the domains themselves are optional, not only static but the dynamic ones. It is quite possible to have deployments where no Domains are required or a limited number of dynamic domains is needed. 

3.1 ID
A unique identifier for the Domain
3.2 Type
 DIRECT | MOBILE | PSTN | PBX | DID-AIN
Facilitates the Service Logic selection of an appropriate call establishment procedure, as well as other decisions making. 
3.3 Routing Address
The transport address for the SIP communications (IP addr:port, FQDN). Note: the SCL can override the Routing Address, for example, by registered Contact address for devices in DIRECT domains.

3.4 URI format
SIP/TEL/REUSE – format of the SIP R-URI, REUSE means reuse the inbound leg R-URI format and, in case of SIP format, the host part.
3.5 URI
The SIP R-URI host part for a domain other then PBX.

 Full R-URI for a PBX domain (the user part specifies the Routing Point in CCM)
3.6 LCC
Local Country Code. 

3.7 Primary Trunk Group
For DID-AIN domain use in the TCAP portion of the call establishment procedure
3.8 Maximum Private Number Length
Determines the PRV designation for a number

3.9 Maximum National Number Length

Distinguishes INTL vs. NTNL/LOCL/PRV number
3.10 Minimum National Number Length

Distinguishes NTNL vs. LOCL/PRV number
3.11 Translation Rules for Outbound Called Number

NOTE: The following rules in the specified form are for the Domain Definition GUI (either in the Console or in an SPM Portal). The resulting logic will take form of regular expression(s) and will be stored as such in the provisioning DB. The regular expressions will be executed in the run-time during the domain processing.

Rule 1: Add LCC = Y/N  
add/not LCC to NTNL numbers 

Rule 2: Remove LCC = Y/N
  


remove/not LCC, if it appears in INTL numbers   

Rule 3: If INTL, add <x>
  


for example, x = ‘+’ or ‘011’
Rule 4: Replace Lead Digits <x1> with <y1>



where x1, y1 are ASCII strings with wild cards, including NULL string. 
(The NULL string provides for addition and deletion options).

The wildcards use the “X” (instead of “*”) and “?” symbols, as in the Unix shell scripts.
Rule 4: Replace Lead Digits <x2> with <y2>

          
  ….

Rule 4: Replace Lead Digits <xn> with <yn>
 


n<=5. Rule 4 can be repeated up to 5 times
Rule 5: Replace Lead Digits not <z1, z2,…,zn> with <w1>

Here as well, the z1…zn are digit strings with wild cards, n<=5

Rule 6: Replace Prefix <x1> with <y1>
This Rule is similar to Rule 4, but deals with the prefixes
 

Rule 6: Replace Prefix <x2> with <y2>

           
 ….

Rule 6: Replace Prefix <xn> with <yn>
 
Similar to Rule 4, n<= 5

Rule 7: Replace Prefix not <z1, z2,…,zn> with <w1>

Similar to Rule 5, but deals with prefixes, n<=5 
Rule 8: Replace URI Parameter <x1> with <y1>
This Rule is similar to Rule 4, but deals with the prefixes

 

Rule 8: Replace URI Parameter <x2> with <y2>

           
 ….

Rule 8: Replace URI Parameter <xn> with <yn>
 
Similar to Rule 4, n<= 5

Rule 9: Replace URI Parameter not <z1, z2,…,zn> with <w1>

Similar to Rule 5, but deals with prefixes, n<=5 
3.12 Translation Rules for Outbound Calling Number

The similar set of Rules (1 to 9) is defined for the Calling Number manipulation 
3.13 Translation Rules for Inbound Called Number

A Regex for manipulating the inbound destination Number (i.e., before passing to SCL)  
4. Domain Assignment
The general rule for associating a domain with a number is the following:

If the number represents device or identity with a provisionable static domain, the availability of the static domain is checked first;

If no static domain is provisioned, the dynamic domain assignment is attempted through the look-up of matching key pattern in the domain table. (Note: it should be able to consider the number length in the pattern matching process)
If no dynamic domain is obtained either, the respective inbound parameters, where needed, are reused for formulating the outbound parameters. The default outbound address applies by SIP connector, if defined. Otherwise R-URI is used for outbound address setting.
All the subscriber devices and SDNs could have statically assigned individual domains. In addition, the Profile includes just one (unlike many in the 3.4) provisionable domain reference for dynamic addresses (non-subscribers, MIM-identities, MSRNs).
The identities provisioned as URIs (not numbers), like Unified Ringback Resource identifier, or Forwarding URIs are not subject of domain-based routing in the 3.5. 
There are two additional domain references introduced into the subscriber Profile for

 the SMS routing: SMPP Domain and SMoIP Domain. These Domain are provisioned

 statically. The domain for SMPP is supposed to be of PSTN type and the domain for

 SMoIP is supposed to be of DIRECT type. This is not enforced, though. The point is 

that there is no new domain type introduced for the SMS purposes.
Following are the details of the domain assignment for different call scenarios 

4.1 Originating call
Coming in as a TCAP, DCE, JTAPI or SIP (including PSTN/PLMN originated and, of course, IP originated)

4.1.1 Inbound Leg

Through the global inbound prefixes filtering, the originating Number (it can be a DeviceID or CC-DeviceID) is extracted from the originating party parameter, and used to successfully locate the Subscriber’s Profile. The prefix (if any) is kept separately, the ‘+’ (if any) is removed. I.e., the originating Number is presented as

 (prefix)-origNumber-(host) - (URI parameters)
The dialled party is similarly decomposed into the prefix, ‘+’ (which is discarded), DN and host part with parameters:

(prefix) -DN - (host) - (URI parameters)

Then, the deviceID corresponding to the origNumber and it’s domain are looked up among the devices in the Profile. This look-up includes comparison of the Number and DeviceID with consideration of CC, if needed. The domain for origNumber optionally contains parameters for the inbound dialled number manipulation that should be applied before the call parameters are passed to the service logic. Aa it’s (currently) needed for a specific case of the abbreviated dialing, the inbound parameter manipulation is defined for the dialled number only.   
4.1.2 Outbound Leg

For the outbound leg the domain determination is done as the following:

For TCAP, DCE, JTAPI calls there is no Domain determination and the number on outbound “leg” is sent as it is obtained from a DN pool or received from SCP

For SIP non-ASI calls the domain of the originating Device is reused (if it is not statically provisioned, it’s obtained dynamically).

For SIP ASI calls the domain is either the static non-Subscriber or the dynamic one. 

4.2 Terminating Call

Coming in as a TCAP, JTAPI or SIP (including PSTN/PLMN-originated and, of course, IP-originated)

4.2.1 Inbound Leg

Through the global inbound prefixes filtering, the SDN is extracted from the destination number and the Profile is successfully located. 

The calling party number is, as well, taken through the inbound prefixes filter and appears in the form of 

(prefix) – origNumber - (host) - (URI parameters)
4.2.2 Outbound Leg

For the outbound leg the domain determination is done as the following:

For the TCAP and the JTAPI calls there is no Domain determination and the number on outbound “leg” is sent as it is obtained from a DN pool or received from SCP  

For SIP calls the Domain for a specific device is determined either statically or dynamically. 

In case of HLR-enabled Mobiles, the MSRN (TLDN) is routed either by the non-Subscriber Domain (if defined), or dynamically.

5. Domain Processing

The Calling and Called numbers are presented to domain processing in the form of 
(Prefix)-Number-(host) – (URI Parameters). During the processing the Prefix, the host and the URI Parameters could be replaced/ added/deleted, and the Number itself could be transformed.
Based on the number length, the Number is qualified as INTL, NTNL, LOCL, PRV. This determination could be required for the Rules application. 
The Rules apply in the order of their indexes.
The Rule 4, Rule 6 and Rule 8 can be repeated with different operands up to five times each 

Similarly, up to 5 different patterns can be specified in the exclusion Rules 5, 7 and 9.
Rule 1 applies to NTNL numbers, the result replaces the Number and qualifies it as INTL

Rule 2 applies to INTL numbers with local country code, the Number becomes NTNL (comment - obviously, if Rule1 is Y, the Rule2 setting to Y is meaningless)

Rule 3 
is self-explanatory.
If multiple Rules 4 are defined, they are processed until the first success, i.e., the Rule application has resulted in the parameter modification, or until all are tried. The next Rule, according to the index, is analyzed then.  

The same applies to multiple Rules 6 and 8.

6. Miscellaneous
6.1 SDN Domains
The SDNs have the associated domains (either statically or dynamically). Although not used for routing, it is required for the Profile mapping purposes (addition of Country Code for the double mapping), as well as for the setting of the From URI. With the static association, in most cases a domain of a device under SDN will be referenced as the domain for the SDN
6.2 Uniqueness of the short codes
Devices and SDNs belonging to PBX domains are provisioned with the PBX-ID included. These will make them unique in multi-PBX deployments with overlapping dialling plans.
6.3 Subscriber-to-Subscriber Routing
The Term Subscription Prefix is pre-pended, when needed, after the Domain processing, possibly, in addition to some other prefix. The outbound address in such case is also overwritten by SCL. On the terminating side the Term Subscription Prefix is analyzed and discarded before the global inbound prefixes filtering.
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