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Introduction

RFC 3455 defines a number of SIP headers for the usage of the 3GPP IMS. Of importance for 3GPP is the P-Charging-Vector header field. This header carries charging information such as the ICID value, or the identifiers of the originating and terminating networks.

3GPP has extended the syntax of the P-Charging-Vector header (see TS 24.229 v5.7.0 clause 7.2A.5.2) to accommodate GPRS charging information. 

Discussion

The syntax of the P-Charging-Vector, according to RFC 3455 is:

      P-Charging-Vector     = "P-Charging-Vector" HCOLON icid-value

                              *(SEMI charge-params)

      charge-params         = icid-gen-addr / orig-ioi /

                              term-ioi / generic-param

      icid-value            = "icid-value" EQUAL gen-value

      icid-gen-addr         = "icid-generated-at" EQUAL host

      orig-ioi              = "orig-ioi" EQUAL gen-value

      term-ioi              = "term-ioi" EQUAL gen-value

3GPP TS 24.229 extends that syntax to accommodate GPRS charging information:

access-network-charging-info = (gprs-charging-info / generic-param)

   gprs-charging-info = ggsn *(SEMI pdp-info) [SEMI extension-param]

   ggsn = "ggsn" EQUAL gen-value

   pdp-info = pdp-sig SEMI gcid SEMI auth-token *(SEMI flow-id)

   pdp-sig = "pdp-sig" EQUAL ("yes" / "no")
   gcid = "gcid" EQUAL gen-value

   auth-token = "auth-token" EQUAL gen-value

   flow-id = "flow-id" EQUAL gen-value
   extension-param = token [EQUAL (token | quoted-string)]
According to SIP (RFC 3261) Section 7.3.1, a particular parameter cannot appear more than once in a header field:

   Many existing header fields will adhere to the general form of a

   value followed by a semi-colon separated sequence of parameter-name,

   parameter-value pairs:

         field-name: field-value *(;parameter-name=parameter-value)

   Even though an arbitrary number of parameter pairs may be attached to

   a header field value, any given parameter-name MUST NOT appear more

   than once.

The 3GPP extension to the P-Charging-Vector header presents several problems at the time of parsing. On one side, the syntax assumes repetition of parameters to describe different PDP context charging information. According to 3GPP TS 24.229, the extension can contain a “GGSN address (ggsn parameter) and one or more PDP contexts (pdp-info parameter). Each PDP context has an indicator if it is an IM CN subsystem signalling PDP context (pdp-sig parameter), an associated GPRS Charging Identifier (gcid parameter), a media authorization token (auth-token parameter) and one or more flow identifiers (flow-id parameter) that identify associated m-lines within the SDP from the SIP signalling.“

For instance, according to the current version of 3GPP TS 24.229, a possible P-Charging-Vector header representing charging information for two different pdp contexts is:

P-Charging-Vector: icid-value=1234bc9876e; orig-ioi=home1.net; ggsn=[5555::4b4:3c3:2d2:1e1]; pdp-sig=no; gcid=723084371; auth-token=43876559; flow-id=1; pdp-sig=no; gcid=723084204; auth-token=29d20dsd; flow-id=2


The above example shows the charging information belonging to two PDP context (flow-id 1 and 2). The example exhibits several problems. On one it breaks SIP because it allows repetition of parameters (pdp-sig, gcid, auth-token, flow-id are all repeated). 

On the other hand, the syntax assumes a certain order of the parameters to convey the information without errors. This is against the nature of SIP headers and SIP parsing, where the order in parameters are located in a header field is irrelevant. For example, if we re-order the above header example, it looses its meaning:

P-Charging-Vector: icid-value=1234bc9876e; orig-ioi=home1.net; ggsn=[5555::4b4:3c3:2d2:1e1]; pdp-sig=no; pdp-sig=no; gcid=723084204; gcid=723084371; auth-token=43876559; auth-token=29d20dsd; flow-id=2; flow-id=1;

According to the above example, implementations will not be able to determine which are the values of the gcid and auth-token corresponding to each of the flows.

Analysis

SIP headers are designed to contain parameters that are assumed to be ordered in a flat space. Figure 1 shows a representation of the flat space of parameters in SIP header fields. A requirement of the flat space is that the parameter name is unique in the header field. A property exhibited is that parameters do not require any special order.
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Figure 1: Flat structure of parameters in SIP header fields

3GPP has a requirement to express parameters in a layered approach. Figure 2 shows a possible approach of the layered approach for the P-Charging-Vector header field, where there are 4 different layers:
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Figure 2: Layered structured of the P-Charging-Vector header field

1. The first layer will carry the icid-value, orig-ioi, term-ioi, ggsn and pdp-info parameters. 

2. The pdp-info parameter contains a sequence of pdp-items

3. Each pdp-item contains a collection of GPRS charging parameters for an appropriate PDP context: gcid, auth-token, pdp-sig, flow-id, etc.

4. For each pdp-item, here can be a number of flow-ids 

This structure allows GPRS parameters to be classified according to the PDP context they belong to. 

Proposal

SIP uses commas (,) to separate different instances of a header field and semicolons (;) to separate several parameters of a header. According to that, we propose to keep on using semicolons to separate level 1 parameters (this guarantees compatibility with the usual SIP behaviour). Parameters of level 2 can be grouped within quotes (“”). The quotes approach allows to reuse commas and semicolons to separate and repeat parameters. This option of grouping and separating level 2 parameters is borrowed the caller preferences and capabilities drafts, where it is widely used. Repetition of level 2 parameters is guarantee by using  commas (,) to separate different level 2 parameters (as per caller preferences and callee capabilities draft). Different level 3 parameters can be separated with semicolons (;) since they are quoted strings and don’t interfere with level 1 parameters. Level 4 parameters are grouped in square brackets ([]) and separated by commas (,).

An example of the P-Charging-Vector header that follows the proposal:

P-Charging-Vector: icid-value=1234bc9876e; orig-ioi=home1.net; ggsn=[5555::4b4:3c3:2d2:1e1]; pdp-info=”pdp-item=1;pdp-sig=no; gcid=723084371; auth-token=43876559; flow-id={1,3}, pdp-item=2;pdp-sig=no; gcid=723084204; auth-token=29d20dsd; flow-id=[3,4]”

The pdp-info is a quoted string, so from the point of view of the SIP header parser, it is just one big parameter. Internally, the pdp-info contains two comma separated parameters, i.e., pdp-item=1 and pdp-item=2. Each of the pdp-items contains several level-3 parameters, such as gcid, auth-token, flow-id, etc. The flow-id contains, within brackets, a list of the flow-ids for which the pdp-info information is applicable

It is proposed to adopt the following syntax of the P-Charging-Vector access extension into 3GPP TS 24.229:

access-network-charging-info = (gprs-charging-info / generic-param)

   gprs-charging-info = ggsn *(SEMI pdp-info-hierarchy) [SEMI extension-param]

   ggsn = "ggsn" EQUAL gen-value

   pdp-info-hierarchy = "pdp-info" EQUAL LDQUOT pdp-info *(COMMA pdp-info) RDQUOT

   pdp-info = pdp-item SEMI pdp-sig SEMI gcid SEMI auth-token SEMI flow-id

   pdp-item = "pdp-item" EQUAL DIGIT

   pdp-sig = "pdp-sig" EQUAL ("yes" / "no")

   gcid = "gcid" EQUAL token

   auth-token = "auth-token" EQUAL token

   flow-id = "flow-id" EQUAL "[" token *(COMMA token) "]"
   extension-param = token [EQUAL token]
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