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1. Introduction

1.1 Purpose

This document describes the Detail Design of the Sip Connector component as part of the CSN Release 3.6 It is based on Sip Connector Functional Requirements for Release 3.6 as stated in CR-357
1.2 Scope 

1.3 Definitions, Acronyms and Abbreviations

1.4 Audience

2. Detail Design Model

2.1 Session Timer support
As per requirements, this document is taking in consideration CSN as playing the role of a stateless server in relation to the Session Timer. In this role, CSN provides forwarding capabilities for any Session Timer related requests/responses coming from endpoints. Session Timer Setup/Modification is initiated and negotiated by the endpoints. However, during various Call Service processing, CSN might initiate Session Timer modification or update in lieu of an endpoint. The endpoint provides the timer and media session information to be used by timer/media session modification/update.
The Session Timer gets setup along with the Call Session setup. The setup process is accomplished by negotiation between endpoints using specific headers. The Session Timer process is described in RFC4028.  
Based on all the above, Session Timer is solely supported by the Sip Connector. The following paragraphs will describe the required changes to support this feature. The changes are discussed with respect to all existent scenarios of session call setup/modification.
2.1.1 Session Timer Setup during Basic Call Setup
The picture below shows a simplified view of a basic call setup. During the session call setup a Session Timer setup might take place.
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The sequence diagram for the call setup is shown below. The Session Timer related headers are shown as well. However, not all of them are usually used. The paragraphs below show the responsibilities for each player.
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Below are shown the responsibilities of each player related to the Session Timer setup:

2.1.1.1 UAC responsibilities:

A UAC responsibilities when sending the initial call setup INVITE:

- MUST include a Supported header field in each request (except ACK),   listing the option tag 'timer'. MUST do so if it supports it, even if the UAC is not requesting usage of the session timer for this session.

- MAY include a Require header field in the request with the value 'timer' to indicate that the UAS must support the session timer to participate in the session.  This does not mean that the UAC is requiring the UAS to perform the refreshes, only that it is requiring the UAS to support the extension. 

- MAY include a Proxy-Require header field in the request with the value 'timer' to indicate that proxies must support the session timer in order to correctly process the request.

- MAY include the Min-SE header field in the initial INVITE request.

- MAY include a Session-Expires header field in an initial    session refresh request if it wants a session timer applied to the session.  The value of this header field indicates the session interval desired by the UAC.  If a Min-SE header is included in the initial session refresh request, the value of the Session-Expires MUST be greater than or equal to the value in Min-SE.

- MAY include the refresher parameter in Session-Expires with value 'uac' if it  wants to perform the refreshes.  However, it is RECOMMENDED that the  parameter be omitted so that it can be selected by the negotiation mechanisms.
UAC has the following behavior when receving 2xx response from server:

- MUST look for Session-Expires header field when Require header with “timer” is present; The Session-Expires header contains the refresher parameter.
- MUST set the identity of the refresher to the value of the refresher parameter.

- MUST compute the session expiration for that session.  The session expiration is the time of reception of the last 2xx response to a session refresh request on  that dialog plus the session interval for that session.  If the UA seeks to continue with the session beyond the session expiration, it MUST generate a refresh before the session expiration.
Obs. 
- Missing Session-Expires header in 2xx response, means no refresh timer will be sent. This the way to silence the timer in mid call using a Modify/Update request.

- When no Require/ Session-Expires header is present then UAS doesn’t support the feature. UAC still can unilaterally maintain a session timer. In this particular case Session Timer refresh will be generated only by UAC.

UAC has the following behavior when receving 422 response from server:

If the response to a session refresh request is a 422 (Session Interval Too Small) response message, then the UAC MAY retry the request.  This new request constitutes a new transaction and SHOULD have   the same value as the Call-ID, To, and From of the previous request, but the CSeq should contain a new sequence number that is one higher than the previous.

2.1.1.2 UAS responsibilities:

- When an incoming request contains a Supported header field with a value  'timer' and a Session Expires header field, the UAS MAY reject the INVITE request with a 422 (Session Interval Too Small) response if the session interval in the Session-Expires header field is smaller than the minimum interval defined by the UAS' local policy.
 .  When sending the 422 response, the UAS MUST include a Min-SE header field  with the value of its minimum interval. This minimum interval MUST  NOT be lower than 90 seconds.
- When incoming request contains a Supported header field with a value 'timer' but does not contain a Session-Expires header, it means that the UAC is indicating support for timers but is not requesting one.  The UAS may request a session timer in the 2XX response by including a Session-Expires header field.

- UAS MAY request a session timer in the 2XX response by including a Session-Expires header field.  The value MUST NOT be set to a duration lower than the value in the Min-SE header field in the request, if it is present.

- The UAS MUST set the value of the refresher parameter in the Session-Expires header field in the 2xx response.  This value specifies who will perform refreshes for the dialog.  The value is based on the value of this parameter in the request, and on whether the UAC supports the session timer extension.  The UAC supports the extension if the 'timer' option tag was present in a Supported header field in the request.  

- If the refresher parameter in the Session-Expires header field in the 2xx response has a value of 'uac', the UAS MUST place a Require header field into the response with the value 'timer'.  This is because the uac is performing refreshes 

- If the refresher parameter in  the 2xx response has a value of 'uas' and the Supported header field in the request contained the value 'timer', the UAS SHOULD place a  Require header field into the response with the value 'timer'.  In   this case, the UAC is not refreshing, but it is supposed to send a BYE if it never receives a refresh.  Since the call will still   succeed  without the UAC sending a BYE, insertion of the Require is a  SHOULD here, and not a MUST.

2.1.1.3 CSN responsibilities: 
CSN does not have any specific responsibilities in the initial Session Timer setup other than forwarding the above headers as they come from one side to another. This require enhancements on the SIP stack to make sure all the above headers are forwarded as presented from one side to another.
2.1.2 Session Timer Modify/Update in mid-call session 

Media Session Refresh vs Session Timer Refresh 

Media Session is established between endpoints as a result of a call setup process. During this process the endpoints are exchanging media transport addresses and are negotiating media capabilities ( codecs). Once the call is established any participant in the media session may request a Media Session refresh. The endpoint uses re-INVITE or UPDATE requests to perform a Media Session refresh in order to renegotiate the codecs and/or change the media transport address. Changing the media transport address means changing the media IP address and/or the media port. This happens frequently when changing devices (handoff/ handback, pickup) or moving devices from one address to another (changing the access points). Renegotiating codecs might happen with or without changing the media transport. Re-INVITE/UPDATE is considered also as dialog refresh. A number of the dialog fields might get refreshed during a modify process (CONTACT, Remote-Party-ID,etc). Every time a Media Session gets changed due to any of the above reasons, the session version kept in origin header gets incremented. Any other fields in the origin header remain unchanged. This means that any new player in that media session plays the role of the initiator of that session.
Session Timer  is established between endpoints during the initial call setup as shown in previous paragraph and defines who is doing the session timer refresh, at what rate and which are the responsibilities of each endpoint. Session Timer gets refreshed by using the same methods as Media Session refresh ( re-INVITE or UPDATE).  The Session Timer refresh does not change the media session and as a result it is not required to increment the media version in the origin header. However, a Media Session refresh can happen in the same time with the Session Timer refresh which implies that the session version gets incremented. Any Media Session refresh will refresh the Session Timer( if present) as well.
The origin header content is described below to have a better understanding of each containing field.
Origin Header field gives the originator of the session (their username and the address of the user's host) plus a session id and session version number. The origin header has the following fields:

   o=<username> <session id> <version> <network type> <address type>   <address>
where:

 <username> is the user's login on the originating host, or it is "-" if the originating host  does not support the concept of user ids. <username> must not contain spaces. 
 <session id> is a numeric string. The method of <session id> allocation is up to the creating tool, but  it has been suggested that a Network Time Protocol (NTP) timestamp be    used to ensure uniqueness. 
 <address type> and <address> form a globally unique identifier for the session.

<version> is a version number for this announcement.  It is needed for proxy announcements to detect which of several announcements for the same session is the most recent.  Again its usage is up to the creating tool, so long as <version> is increased when a modification is made to the session data.  Again, it is recommended (but not mandatory) that an NTP timestamp is used.
 <network type> is a text string giving the type of network. Initially "IN" is defined to have the meaning "Internet". 

 <address type> is a text string giving the type of the address that follows. Initially "IP4" and "IP6" are defined.
 <address> is the globally unique address of the machine from which the session was created.

   For an address type of IP4, this is either the fully-qualified domain name of the machine, or the dotted-decimal representation of the IP version 4 address of the machine.  For an address type of IP6, this is either the fully-qualified domain name of the machine, or the    compressed textual representation of the IP version 6 address of the machine.  For both IP4 and IP6, the fully-qualified domain name is the form that SHOULD be given unless this is unavailable, in which case the globally unique address may be substituted.  A local IP    address MUST NOT be used in any context where the SDP description might leave the scope in which the address is meaningful.

   In general, the "o=" field serves as a globally unique identifier for this version of this  session description, and the subfields excepting the version taken together identify the session irrespective of any modifications.
The picture below shows a simplified Session Timer Modify/Update and CSN responsibilities with regard to it. 
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CSN responsibilities:

Modify/Update requests may be used to modify an existing media session, or a session timer or both.
CSN must be able to identify and process accordingly the Modify/Update requests.  When they are used to modify only the session timer then the origin header if present will not increment the version.  
CSN has two network independent legs that connect the UAC and UAS. Sip Connector creates a CSN-UAS endpoint to connect to the UAC and a CSN-UAC endpoint to connect to UAS. Acting as a B2B server, CSN bridges the two legs by forwarding requests and responses from one side to another. In fact, forwarding requests/responses means performing related operations on those legs. Despite the fact the call between UAC and UAS is broken into 2 legs, the operations are performed in a much linked manner. From media session point of view, the CSN-UAS plays the role of UAS, whereas CSN-UAC plays the role of UAC. We named them as proxy agent endpoints. All Media Session and Session Timer setup and refresh operations appear to be performed per leg basis, but due to the responsibilities of CSN in fact they are executed on end to end basis. As a consequence the origin header presented by the UAC is maintained and used by the CSN-UAC endpoint in relation with UAS. UAS will get the real session originator information related to UAC even the leg is setup through CSN-UAC. Similarly, the CSN-UAS plays the role of the real endpoint UAS. The origin header issued by UAS will be kept and maintained by the CSN-UAS.

Currently any Modify/Update requests initiated by UAC, UAS or CSN will get forwarded on the other leg by performing specific operations on that leg. 

As a result any Modify/Update coming from UAC or CSN will perform operations on CSN-UAC leg. Also, it will increment the session version on the associated origin header kept by the CSN-UAC endpoint. In a similar manner the Modify/Update requests are implemented when UAS or CSN initiate requests on origination leg.

Leg cardinality
 UAC and UAS as presented above got into connected state through a simple call setup using CSN’s routing capabilities. Sometimes two endpoints get connected to each other as a result of a number of CSN transformations. At this point we do not go in details describing those transformations, rather looking at possible initial cardinalities of the 2 legs.

From media session point of view, it doesn’t really matter who is server and who is client, they work in full duplex mode. From call control point of view the initial cardinality of the call matters. Each endpoint establishes unmovable dialogs of client or server type. Any subsequent operations will act on those types of dialogs for the life of the call/leg. The dialogs might get refreshed by changing the internal attributes but they do not change the initial type( server dialog or client dialog). 

The session timer setup and modify is mostly dependent on the client/server role played by the transaction that performs the setup/modify operation. A re-Invite used to renegotiate the session timer is dependent on the role played by endpoints in relation with the current transaction.
2.1.3 Session Timer during JoinCall

Join Call during Handoff/Handback operations
Join Call is used in all operations that require device change as known as Handoff, Handback and Pickup Call.  Join Call assumes call leg replacement preserving the continuity of media. This means, when changing devices, the new device can play the role of the original initiator of that media session, keeping all the originator information in the  origin header. Join Call can be invoked on call setup in progress or on established call state.
The picture below shows an UAC connected to UAS. A Join Call request can occur as a result of doing handoff/handback operation on the origination leg(service) by replacing UAC with UAC_REPLACE, or on termination leg( service) by replacing UAS with UAS_REPLACE. From origin of media session point of view, UAC_REPLACE plays the role of UAC and UAS_REPLACE plays the role of UAS.
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The picture below shows a simplified Join scenario on Termination leg. Red solid lines show an established signaling path and the blue solid lines show an established  media path. The UAS_REPLACE is the endpoint that replaces the UAS as a result of a handoff operation. [image: image6.png]CSN-UAS_REPLACE
CSN_UAS CSN-UAC I

<<actor-> =<ator=>
uac

<<actor->
uas UAS_REPLACE

initiatefforward requestsiresponses

2 INVITE
6 ACK.
5: 200
<<actor-> =<ator=>
uac UAS-REPLACE

Join Call on Termination




UAS-REPLACE is in fact a UAC type of endpoint. 
The intend of this example is not to describe on how the Join Call  works, rather to show in detail the aspects of Session Timer when changing legs.

There is a network call that owns the two proxy user agents( CSN-UAS, CSN-UAC ) - not shown in the picture. It bridges messages from one side to another. In this particular case a Modify request is initiated by CSN in order to connect UAC to UAS-REPLACE.  The Modify request acts on CSN-UAS as a proxy for UAS and now by replacement for UAS-REPLACE.

CSN-UAS keeps the initial origin header provided by the UAS endpoint during the call setup. The Modify will increment the media version part of this origin header when it initiates Modify. The Modify it is for sure a media session modification. Also it might be a Session Timer renegotiation/ setup. 

The following scenarios are related to the SessionTimer.

1. UAC is the Session Timer refresher and UAS supports the Session Timer. 

2. UAC is the Session Timer refresher and UAS does not support the Session Timer.
3. UAC supports the Session Timer and UAS is the Session Timer refresher
4. UAC does not support the Session Timer and UAS is the Session Timer refresher.

5. UAC and UAS do not support Session Timer.

In all the above scenarios, the replacement leg ( UAS-REPLACE ) will use the same proxy user agent( CSN-UAS ) to negotiate/re-negotiate the Session Timer along with media session modification. 

Required changes:

· Modify request on CSN-UAS must carry all Session Timer header from UAS-REPLACE. Modify will reset the existing Session Timer on UAC side and will start negotiating the new Session Timer based on new conditions in the same way it was initially setup. A new Session Timer gets setup with the new player. UAC and UAS_REPLACE when considered as refreshers both play the role of “uac” type. This role is determined per leg transaction basis and negotiated on end to end scope.

· Any Session refresh requests initiated from any endpoint during Join operation will be rejected with try later (491). The timer refresh usually starts at the half time of refresh period, so few milliseconds delay incurred by try later won’t change the outcome.

· The session version in the origin header gets incremented

· No translation is required for the refresher parameter.

The same operations are required during Join on origination leg. The affected state machines are: ConnectedOfferingStateMachine and OfferingConnectedStateMachine.
Delayed Join during Handoff/Handback
This paragraph is not describing all the details of the Delay Join operation. It rather shows those activities that might be influenced by the Session Timer implementation. 

The activity most sensitive to the Session Timer implementation is considered to be the reconnect call of two legs both in connected state. The picture below shows a simplified view of this operation. 
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Legs A-A1 and B1-B are in connected state. A1 and B1 keep the state of the dialog cardinality. Attempting to reconnect endpoint A to B, the call follows the message exchange and the state progress as described by the ConnectedConnectedStateMachine. During the call reconnect it might have to renegotiate the session timer.  Modify initiated by the CSN in step 1 will preserve any Session Timer headers existent in the reference call, less the Session-Expire header(if existed). When B wants to create a session timer, it sees that B1 eventually supports but not require one. The Session-Expire header will be added by B with refresher as “uas” as being the role of B in relation with Modify transaction. CSN will use the 200 response to Modify the leg A1-A( step 2). From Modify perspective the refresher must be “uac”, so CSN has to translate the refresher parameter. The 200 response from A will preserve the refresher presented by A1. If step 1.1 does not have a Session-Expire it means B is not interested to have a Session Timer and A might have one alone. To conclude, when re-connecting two previously connected legs, CSN has to :

· filter –out the Session-Expire header when modifying in step 1

· translate to refresher=”uac” in step 2 for any existing refresher=”uas” in 200 in step 1.1

Join during pickup call operations

The picture below shows simplified view of a call reconnect operation as a result of a call pickup during initial call setup.  The legs in this particular example are both in offering state. Each endpoint plays a role of UAC and CSN provides server user agent proxies( CSN-UAS1, CSN-UAS2 ).
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The end to end call control is setup by forwarding messages between 2 legs both with incoming cardinality.  The call reconnect is performed in two stages:

1. first leg is answered by CSN with media on hold option( steps:1, 1.1, 1.1.1 - see picture above).

2. reconnect operation is delegated to ConnectedOfferingStateMachine( see Handoff/Handback above)

From session timer perspective in stage 1/step 1.1 is required to answer the call without any session timer headers, deferring the session timer negotiation for stage 2. In stage 2 the offer of UAC2 together with any session timer headers will be used to Modify the already connected leg (UAC1). The Session Timer is negotiated between UAC1 and UAC2. Any refresher parameter existent in Session-Expire provided by UAC2 will be used as is without any translation when Modifying UAC1 leg.

The specifics of this scenario are handled in OfferingOfferingStateMachine then in ConnectedOfferingStateMachine.

Required changes:

· in OfferingOfferingStateMachine the origination leg is temporarly answerd by CSN with media on hold. Make sure to answer that leg without any Session Timer headers. In another way of saying CSN does not support Session Timer, deferring session timer negotiation later in ConnectedOfferingStateMachine through Modify request with all Session Timer headers supported by the destination.
· In ConnectedOfferingStateMachine the Modify on origination leg is performed with all session timer related header presented by the destination leg. No refresher parameter is required.

· Any Session Timer refresh requests initiated from any endpoint during Join operation are handled by the state machines as a regular Update/Modify requests The treatment of such requests are already stated in the implementation of involved  state machines
2.1.4 Session Timer during ReconnectOrig

The picture below shows the scenario of reconnecting the origination to UAS. All operations are part of InvitingConnectedStateMachine. UAS might have already an active session timer in progress. When initial UAC goes away, the UAS is kept connected to a media server. It might have a negotiated or renegotiated session timer. The ReconnectOrig will reconnect UAS to UAC.  
From Session Timer perspective, UAC gets invited with all Session Timer headers presented by UAS in the last answer response during the previous connectivity. If the refresher in the last answer response was “uas”, then CSN has to translate the refresher to “uac” when inviting UAC. The 200 response in step 1.1 will be used to Modify ( step 2) the UAS leg. The CSN has to translate to “uac” any refresher parameter existent in 200 answer in step 1.1. In this way a new media session and session Timer gets renegotiated.
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Required changes:

· The Invite to UAC in ReconnectOriginationStateMachine must contain all Session Timer specific headers presented by UAS in last answer response( Supported, Min-SE, Session-Expires ) during the initial session timer setup. 

· Refresher parameter type translation is required in both directions when last answer or 200(step 1.1 ) contains Session-Expire header with refresher parameter.
2.1.5 Session Timer during TransferCall

A connected or offering leg can be transferred to a new destination. Below is shown the scenario of transferring a connected leg to a Transferred – to destination. The connected leg can have any cardinality.

Session Timer handling during Transfer Call it is very similar to Reconnect Origination presented above. Invite in step 1 will have all Session Timer header presented by the leg A in the last INVITE. If any Session-Expire with refresher parameter exist, make sure it will be removed for Invite in step 1. The 200 response in step 1.1 with any Session-Expire parameter will be translated as “uac”  in Modify(step 2). It is expected A to keep the refresher parameter unchanged when presented in Modify. No action related to Session Timer has to be taken by ACK.
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Required changes:
· INVITE to Transferred-to endpoint will contain all session timer headers presented by the last Invite/Modify less Session Timer (to be renegotiated ).

· Modify in step 2 will contain the Session-Expire header if any and all other Session Timer headers in 200 response (in 1.1)  The refresher parameter if exists will be translated to “uac”.
Obs. When Transferred-to do not require a Session Timer, Modify will not present one to A and endpoint A might be the only one keeping a Session Timer.

2.1.6 Session Timer during Simring.

The picture below shows a Simring scenario with a target device context represented by UAS1 and UAS2.  Calls to UAS1, UAS2 are ASI type of calls. As a result CSN acts as an originating endpoint, but it is not a media endpoint so in fact it can not negotiate neither the media session nor the session timer. The negotiation process is left for later time when the outgoing leg gets answered it gets joined with the incoming leg. However there are two possibilities:
1. Forward all session timer related headers from the incoming call to the outgoing calls. In this way CSN plays the interest of UAC in relation with all the outgoing legs. The legs to UAS1, UAS2 will have inactive media session. The session timer might get setup but CSN cannot fulfill any of its responsibilities in relation with that. The media session as well as the session timer gets renegotiated shortly after during the joining process with the real player - UAC.

2. Do not forward any session timer related header to UAS1, UAS2. Setup the session timer later during the joining process. 
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Required changes:


- based on the second scenario above, do not send in EstablishCall any sessionTimer related headers. Later on, renegotiate the media session and setup the session timer between UAC and answered UAS in OfferingConnectedStateMachine. The Modify on destination leg will carry all session timer related headers.
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