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Proposed Annex to H.324





ANNEX E - Multilink Operation


(This annex forms an integral part of this Recommendation)


E.1  Scope


This Annex defines the operation of H.324 over multiple independent physical channels.  These channels may be GSTN channels, or ISDN channels (as defined in Annex D).  Multilink channel aggregation is defined according to the procedures in H.MULTILINK.


E.2  References


[1]	H.MULTILINK Draft Recommendation


E.3  Changes to procedures


E.3.1  Initiation Requirements


Multilink operation shall be initiated via an established single-channel H.324 connection.  Multilink operation may be initiated by any endpoint intending to establish communication over more than one physical link (GSTN or ISDN).


E.3.2  Capabilities Exchange


An H.324 endpoint may indicate its support of multilink operation as defined in this Annex by setting the multilink capability to the supported value within the H223Capability multiplex capability structure in H.245.


Within the supported capability, the endpoint must specify whether it believes itself to be the caller or callee – the caller being the site intending to establish any additional physical connections.  The caller shall indicate the maximum number of additional channels that it is capable of supporting.  The callee shall either indicate the maximum number of additional channels that it is capable of supporting, or provide an explicit list of numbers to allow the caller to establish the physical connection (the maximum number of additional channels supported in this case shall be implied by the length of this list).


Note – it is suggested that whenever possible, the callee indicate the list of numbers that the caller may dial to establish additional connections.  This avoids the need for the user at the calling endpoint to provide these numbers explicitly.


E.3.3  Phone Number Exchange


If the called endpoint, as part of the capabilities exchange, provides an explicit list of numbers that the caller may dial, these numbers shall be formed using the following procedure.  For each potential additional connection, the callee shall compare the number for that connection with the number for dialing the initial connection that has already been established.  In both cases these numbers may be expressed relative to the endpoint’s local phone number format.  In the DialingString parameter for each potential connection, the callee shall include the least significant portion of the number for that channel, up to and including the most significant digit that is different from the number for dialing the initially established connection.  It shall include no digits that are more significant than this.


If the caller chooses to make use of the numbers received from the callee to establish additional connections, it shall form the number used to dial the each connection by the following procedure.  For a given DialingString, if that string contains N digits, the caller shall start with the number used to dial the initially established connection, and replace the least significant N digits with the contents of the DialingString.


Note – the motivation for these procedures is to allow the phone number exchange to operate independent from variations in the dialing schemes used in different locations.  Since, by definition, the initial connection was established correctly, the digits that are not replaced are very likely to be correct for the additional connections as well.  Since the most significant digits of a phone number typically vary depending on location, there is no way for the called site to provide the most significant digits that the caller should use.  By using these procedures, the most significant digits that are used are ones that are already known by the caller to be correct.


E.3.4  Adding Physical Connections


At any time, either endpoint may establish additional physical connections for multilink operation.  Typically, the site that established the initial connection would also be the site that would initiate the additional connections, but this is not a requirement.


Prior to establishing any additional physical connections, the initiating endpoint shall request a call association number from the other endpoint using CallAssociationRequest message in H.245.  An endpoint shall not send this request unless the remote endpoint has indicated support for multilink operation in the capabilities exchange.


On reception of this command, the receiving endpoint shall respond with a CallAssociationResponse message in H.245.  The callAssociationNumber parameter of this message shall contain a 32-bit random number (uniformly distributed).  If a subsequent CallAssociationRequest is received for a given H.324 call, the corresponding CallAssociationResponse shall include the identical callAssociationNumber.


When additional connections are established, this number shall be used in the procedures of V.8bis or H.DISPATCH (for GSTN or ISDN networks, respectively) as the call association value in the mode selection message.  This allows the called endpoint to be made aware of which H.324 call, the connection is to be associated with.


At any time an endpoint (typically the called endpoint) may request that the other endpoint add connections.  This shall be done using the AddConnectionRequest message in H.245.  The called site shall indicate the number of connections desired to be added.  An endpoint receiving this message shall respond with an AddConnectionResponse message indicating that it either the called sites intends to add the connections as requested, or that the called site does not intend to do so, along with the appropriate reason code.


E.3.4.1  Use of V.8bis and H.DISPATCH


For each physical connection that is established, if the connection is over the GSTN network, V.8bis shall be used to establish the association between the new connection and the initial connection.  If the connection is over the ISDN network, H.DISPATCH shall be used for this purpose.


When a connection is established, the capability list in V.8bis or H.DISPATCH shall include the H.MULTILINK capability.


If an endpoint is only capable of establishing this connection such that it is associated with an already established connection, it shall only indicate the H.MULTILINK capability and no others (it shall not indicate H.324 capability).


If an endpoint is capable of allowing this connection to either be associated with an already established connection, or to be an independent connection, then capabilities in addition to H.MULTILINK may be listed as well.  The additional capabilities indicate only the capabilities for independent connections, therefore, the H.324 capability need not be among the list.


To associate a connection with an existing one, the endpoint that issues the V.8bis or H.DISPATCH mode selection command shall indicate H.MULTILINK as the selected mode, and shall set the call association parameter to the value in the previously received callAssociationNumber from the CallAssociationResponse message in H.245.


On reception of a mode selection command indicating the desire to begin H.MULTILINK operation, the receiving endpoint shall determine which existing connection or connections to associate the new connection with by comparing the call association number in the mode selection command with the callAssociationNumber corresponding to any existing connections.  If the endpoint has no existing connections with the corresponding callAssociationNumber, it shall reject the connection. 


Note – since V.8bis is an integral part of establishing multilink operation for H.324, V.8bis is required for this mode, unlike basic H.324 which allows the use of V.8 instead.


E.3.5  Switching into Multilink Operation


Any time after it is determined that both endpoints in a call are capable of multilink operation, the endpoints may initiate the transition to multilink operation.  Each endpoint may initiate the switch of its transmit data stream to multilink format independently.  This switch may occur before or after any additional physical connections are established (if it is before other physical connections are established, all data must, of course, be sent on a single channel until additional channels are added).


An endpoint shall switch its transmit data stream into multilink format by first sending the MultilinkOnRequest message in H.245.  This message indicates the endpoint’s desire to switch into multilink operation, but requires an acknowledgment before this switch can take place.


On receipt of the MultilinkOnRequest message, an endpoint shall begin searching the incoming data stream on the currently active channel to detect the transition to the H.MULTILINK format as indicated by the 16-bit H.MULTILINK flag pattern.  Once the endpoint has begun this search, it shall send the MultilinkOnResponse message in H.245 indicating that it is ready to accept H.MULTILINK formatted data.  This search shall take place while H.324 data continues to be received on the single channel – no interruption of H.324 data is necessary during this transition.


On receipt of the MultilinkOnResponse message, the initial requester may at any time thereafter transition to the H.MULTILINK data format.  The transmitter shall begin this transition by sending a valid H.MULTILINK header indicating the beginning of an H.MULTILINK data set.  Note that transmission of ordinary H.324 data over a single channel may continue to occur up until the transition takes place.


The receiving endpoint detects the beginning of H.MULTILINK operation upon detection of the first H.MULTILINK flag.  Since this flag consists of a 16-bit pattern that cannot otherwise occur in an error-free H.324 data stream, detection of this flag is unambiguous.  If this flag is falsely detected, or is missed due to network errors, the procedures defined in H.MULTILINK allow this to be corrected on receipt of subsequent H.MULTILINK headers.


The initial H.MULTILINK data set may continue to include only the single initial channel (if other physical channels have not yet been established), or may immediately begin making use of additional channels if available.


E.3.6  Switching out of Multilink Operation


At any time, an endpoint may switch out of using H.MULTILINK by the following procedure.  First the transmitter shall begin sending H.MULTILINK data using only a single channel in the H.MULTILINK channel set.  Then it shall send the MultilinkOffRequest message in H.245 to the remote endpoint.


On receipt of the MultilinkOffRequest message, an endpoint shall prepare itself to stop receiving H.MULTILINK headers.  It shall assume that the channel which comprises the current H.MULTILINK channel set will be the channel over which single-channel H.324 data will continue to be received once the H.MULTILINK headers stop.  It shall then send the MultilinkOffResponse message in H.245 to the requesting endpoint.


On receipt of the MultilinkOffResponse message, the requesting endpoint may at any time thereafter stop sending H.MULTILINK headers.  It shall continue to send H.324 data on the same channel as that which comprised the most recent H.MULTILINK channel set.


Note – when H.MULTILINK is used over a single channel, the data stream will be identical with ordinary H.324 over a single channel with the exception of the H.MULTILINK headers inserted into the data.  This is because the H.MULTILINK transparency rule will insert bits when used with H.324 data which already has transparency control for 8-bit flags.  As a result, once the MultilinkOffRequest is received, the receiver can simply process the H.324 data normally, discarding any received H.MULTILINK headers until they finally stop.


E.3.7  Removing Physical Connections


At any time, an endpoint may remove physical connections.  Note that the initially established connection may be removed just like any other connection.


If a connection is removed intentionally, the endpoint initiating the removal should remove this channel from the H.MULTILINK channel set prior to removal of the physical connection (allowing sufficient time for local data buffers for that channel to empty).  Also prior to removal of the physical connection, it should send the RemoveConnectionRequest message in H.245 to the remote site.  In this message it should indicate which channel is to be removed.  It should wait until either it receives the RemoveConnectionResponse message from the remote site indicating that the corresponding channel has stopped being used, or a locally specified timeout, and then it should remove the physical channel.


On receipt of a RemoveConnectionRequest message, an endpoint should remove the indicated channel from its transmitted H.MULTILINK channel set (assuming that the indicated channel is bi-directional, and is in use by this endpoint).  In any case, it should send the RemoveConnectionResponse message in response to the remote site, indicating that this channel is no longer (or was never) in use.


An endpoint may request that the remote endpoint remove a physical connection to it by issuing the RemoveConnectionCommand message in H.245.  On receipt of this message, an endpoint shall remove the channel indicated in the message from the H.MULTILINK channel set and after a time sufficient for local data buffers for that channel to empty, it shall remove the corresponding physical connection.


If a connection is removed accidentally, each endpoint should, as soon as possible, begin transmission of a new H.MULTILINK data set which no longer includes this channel in the channel set.


E.3.8  Negotiation of Minimum Data Set Rate


H.MULTILINK does not specify a minimum rate at which new data sets must be transmitted.  Instead it is left to the discretion of the transmitter.  It is possible that an endpoint may wish to determine or enforce a particular minimum rate.


Knowledge of the minimum rate is useful to help a receiver ensure that data over a physical channel is continuing to be received successfully.  By knowing the minimum rate of header transmission, long periods of time with no headers may indicate a malfunctioning channel.  The ability to enforce a minimum rate also allows an endpoint to bound the error propagation of data that it is receiving.


An endpoint may send the MultilinkUpdateRateRequest message in H.245.  In this message it may either indicate that it wishes to know the rate of the remote node without altering it, or it may request a particular minimum rate.


An endpoint receiving a MultilinkUpdateRateRequest message, shall respond by sending a MultilinkUpdateRateResponse message.  If the corresponding request indicated a request for information about the current minimum rate, the endpoint shall provide this information in the response.  If the corresponding request specified a particular minimum rate to use, the endpoint should attempt to adhere to this request by modifying its local H.MULTILINK rules used to determine when to send a new data set.  If it makes this change, the response should indicate the new minimum rate that is in use (which may be greater than or equal to the requested rate).  Otherwise, the response should indicate the current minimum rate (which will be less than the requested rate).


E.3.9  Optional Data CRC


In H.MULTILINK, a transmitter may include an optional CRC on the data.  This CRC may be used by a receiver to determine the quality of a given channel.  An endpoint may request that the remote endpoint make use of this CRC in all subsequent data sets.  The endpoint may send the MultilinkCRCCommand message in H.245 indicating its desire to receive this optional CRC.  The receiving endpoint may optionally adhere to this request.  There is no explicit acknowledgment required.


E.3.10  Excessive Error Indication


An endpoint may indicate to the remote endpoint that excessive errors are being received on a particular channel.  The means for the endpoint to determine the error rate or the criterion for determining what is excessive is defined locally at that endpoint.  It could for example, result from receiving an excessive number of H.MULTILINK headers that contain errors, from the failure to receive H.MULTILINK headers at the minimum specified rate, or from an excessive rate of errors detected using the optional data CRC.  In any case, the indication should be given with the expectation that the remote endpoint will take some corrective action.  This indication is made by sending the MultilinkExcessiveErrorIndication message in H.245 indicating which connection is causing problems.


On receipt of this message, an endpoint may choose to take corrective action.  The particular corrective action that it should take is not specified.  Examples include removing the connection from use or lowering the rate of the connection in hopes of reducing the error rate.


�
Proposed Additions to H.245





The following changes to H.245 are proposed to accommodate H.324 multilink operation.  To support capability and phone number exchange the following changes are proposed:





H223Capability	::=SEQUENCE


{








	[…EXISTING DATA STRUCTURE…]








	multilink	MultilinkCapability


}








MultilinkCapability  := CHOICE


{


	notSupported	NULL,


	supported	CHOICE


	{


		caller	INTEGER (1..65535),


				-- maximum number of additional channels


		callee	CHOICE


		{


			automaticNumberExchange	SET (1..65535) OF DialingString,


				-- list of numbers for all additional channels;


				-- only least significant digits


				-- different from initial channel’s number


			numbersNotAvailable	INTEGER (1..65535),


				-- maximum number of additional channels


			…


		}


		…


	}


	…


}








DialingString ::= NumericString (SIZE (1..20)) (FROM (“0123456789”))








The following additional H.245 messages are defined to support multilink operation:


CallAssociationRequest ::= SEQUENCE


{


	…


}





CallAssociationResponse ::= SEQUENCE


{


	callAssociationNumber	INTEGER (0..4294967295),


	…


}








AddConnectionRequest ::= SEQUENCE


{


	sequenceNumber	SequenceNumber,


-- Unique identifer of the request


	numberOfConnections	INTEGER (1..65535),


	…


}








AddConnectionResponse ::= SEQUENCE


{


	sequenceNumber	SequenceNumber,


				-- Equal to the value in the request


	responseCode 	CHOICE


	{


		accepted	NULL,


		rejected	CHOICE


		{


			connectionsNotAvailable	NULL,


			userRejected	NULL,


			…


		},


		…


	}


	…


}








RemoveConnectionRequest ::= SEQUENCE


{


	connectionIdentifier	{TBD},


	…


}








RemoveConnectionResponse ::= SEQUENCE


{


	connectionIdentifier	{TBD},


	…


}








RemoveConnectionCommand  ::= SEQUENCE


{


	connectionIdentifier	{TBD},


	…


}








MultilinkOnRequest ::= SEQUENCE


{


	…


}








MultilinkOnResponse ::= SEQUENCE


{


	…


}








MultilinkOffRequest ::= SEQUENCE


{


	…


}








MultilinkOffResponse ::= SEQUENCE


{


	…


}








MultilinkUpdateRateRequest ::= SEQUENCE


{


	requestType	CHOICE


	{


		currentRateInformation	NULL,


		requestedRate	INTEGER (0..65535),


-- Maximum update period in milliseconds


		…


	}


	…


}








MultilinkUpdateRateResponse ::= SEQUENCE


{


	currentRate	INTEGER (0..65535),


-- Maximum update period in milliseconds


	…


}








MultilinkCRCCommand ::= SEQUENCE


{


	…


}








MultilinkExcessiveErrorIndication ::= SEQUENCE


{


	…


}











�
Proposed Additions to V.8bis





The following is a description of the additional items needed to support H.324 multilink operation in V.8bis.


A bit must be added for the CL and CLR messages for H.MULTILINK-ADDITIONAL-CHANNEL support.  This bit indicates the support of H.MULTILINK as an additional channel to an existing connection or connections.  This bit would not be used when establishing the initial connection.  This would preferably be a bit added to SPAR1 for CL/CLR/MS messages (Table 6-2 in V.8bis).


The corresponding bit in the MS message must be used to indicate that the protocol will switch into H.MULTILINK associated with an existing connection.  In addition to the H.MULTILINK-ADDITIONAL-CHANNEL bit itself, there must be a means to send the 32-bit call association parameter as part of the MS message.  In the NPAR2 corresponding to H.MULTILINK, a structure could be defined that allows this to be sent.  A single bit in the NPAR2 would indicate whether the call-association parameter is present or not (it is not needed in the CL and CLR messages, while for the MS message it is required).  In the case of the MS message, it would be set to indicate the presence of additional octets of the NPAR2 that contain the 32-bit call-association code.  Since the top two bits of an NPAR2 are used for length encoding, the 32-bit call association value must be spread across 5 octets in a format to be specified.








[end]
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