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NPC:	Network parameter control


CRF:	Connection related function


CRF(VC):	Virtual Channel�connection related function


CRF(VP):	Virtual Path�connection related function


NOTE 1 – In case A, the VPI value does not identify a negotiated VPC.


NOTE 2 – In cases B and C, the VPI value does identify a negotiated VPC.


NOTE 3 – Another network may be a user.


Figure 16/I.371


Location of the network parameter control functions


In the following cases, CRF(VC) (resp. CRF(VP)) stands for virtual channel connection (resp. virtual path connection) related functions.


Case A (Figure 16/I.371): Originating network connected directly to CRF(VC)


NPC is performed within the CRF(VC) (action 1, Section 6.2.3.1).


Case B (Figure 16/I.371): Originating network connected to the CRF(VC) via the CRF(VP)


NPC is performed within the CRF(VP) on VPCs only (action 2, Section 6.2.3.1) and within the CRF(VC) on VCCs only (action 1 Section 6.2.3.1).


�
Case C (Figure 16/I.371): Originating network connected to another network via CRF(VP)


NPC is performed within the CRF(VP) on VPCs only (action 2, Section 6.2.3.1).


In Case B, the user may negotiate and need to respect two traffic contracts:


–	at the VP level with the CRF(VP) (when the user requests the operator of the CRF(VP) for a VP connection);


–	at the VC level with the CRF(VC) (when the user requests the operator of the CRF(VC) for a VC connection).


Implication of this is under study.


6.2.3.5	Traffic parameters subject to control at the UPC/NPC


For each ATM transfer capability, traffic parameters which may be subject to control are those included in the source traffic descriptor and possibly other dynamic parameters specific to a given ATC (see Section 5). Whether all these parameters or a subset are subject to control depends upon CAC, ATC and UPC/NPC mechanism. The peak cell rate should never be exceeded by any connection.


Enforcement of connections defined by a service type is currently not specified in this Recommendation.


6.2.3.6	UPC/NPC actions


The UPC/NPC is intended to control the traffic offered by an ATM connection to enforce the negotiated traffic contract. The objective is that a user will never be able to exceed the traffic contract beyond a level of non-conformance which is operator specific.


At the cell level, actions of the UPC/NPC function may be:


a)	cell passing;


b)	cell tagging (is user and network operator option - see Section 5.3.4); cell tagging operates on CLP=0 cells only, by overwriting the CLP bit to 1;


c)	cell discarding.


Cell passing is performed on cells that are identified by a UPC/NPC as conforming. Cell tagging and cell discarding are performed on cells that are identified by a UPC/NPC as non-conforming to at least one element of the traffic contract.


UPC/NPC and traffic shaping functions may be combined in some implementations, in which case cell re-scheduling actions will result from this association.


At the ATM block level (see Section 5.5.4), an action of the UPC/NPC may be:


–	Initiating a modification of the resources allocated to the connection.


–	Discarding all the remaining cells in the ATM block.


The specific control actions to be taken depend on the access network configuration and on the negotiated ATM transfer capability. If this capability allows the re-negotiation of traffic parameters by fast resource management function using RM cells, the UPC/NPC mechanism should be dynamic, i.e. be able to dynamically modify its parameters using the information carried by the RM cells.


�
Besides the above actions at the cell level and at the ATM block level, as an option, the UPC/NPC may initiate the release of the connection.


6.2.3.7	Relationship between UPC/NPC, cell loss priority and network performance


A cell identified as non-conforming by the UPC/NPC function performed on the aggregate CLP=0+1 flow is discarded.


When an ATM connection utilizes the CLP capability on user request and if the tagging option is allowed, CLP=0 cells identified by the UPC/NPC function performed on CLP=0 flow as non�conforming are converted to CLP=1 cells and merged with the user-submitted CLP=1 traffic flow before the CLP=0+1 traffic flow is checked. If the tagging option is not applied to a connection, then cells that are identified by the UPC/NPC as non-conforming to at least one element of the traffic contract are discarded.


When the CLP capability is used by an ATM connection (see SBR configurations 2 and 3, Section 5.5.4.3) and some cells do not conform to the CLP=0+1 traffic parameter and corresponding cell delay variation tolerance, the UPC/NPC function performed on the aggregate flow may discard CLP=0 cells which were not considered in excess by the UPC/NPC function performed on the CLP=0 cell stream. This is not part of the network performance degradation.


6.2.3.8	ATM layer management functions associated with traffic control


Some examples of ATM layer management functions associated with traffic control functions are given below.


In the case that the UPC/NPC encounters levels of non-conformance beyond a network operator's specific threshold, then indications may be produced by traffic control. These indications may initiate other enforcement actions such as:


–	control actions at short time scales, e.g. indication of an excessive level of non�conformance to the user;


–	initiating a re-negotiation of the amount of resources allocated to the connection (see Section 6.2.3.6);


–	connection release.


Indications due to non conformance at standardized interfaces detected by UPC/NPC should not propagate through the network.


With the exception of the re-negotiation attempt, the functions addressed above are currently not specified in this Recommendation.


6.2.4	Priority control


Selective cell discard is the only priority control function that is currently specified. It refers to the action of selectively discarding CLP=1 cells (which are either submitted as lower priority cells by the user or tagged by the network UPC/NPC) when buffer overflow occurs within the network.


In the context of traffic control functions, selective cell discard may be performed by network elements while still meeting network performance objectives.


The applicability of selective cell discard depends on the ATM transfer capability (see Section 5.5).


Network elements shall not change the value of the CLP bit, except possibly in the case when the tagging option is used (see Section 6.2.3.6).


�
6.2.5	Traffic shaping


Traffic shaping is a mechanism that alters the traffic characteristics of a stream of cells on a VCC or a VPC to achieve a desired modification of those traffic characteristics, in order to achieve better network efficiency whilst meeting the QoS objectives or to ensure conformance at a subsequent interface. Traffic shaping must maintain cell sequence integrity on an ATM connection. Shaping modifies traffic characteristics of a cell flow with the consequence of increasing the mean cell transfer delay.


Examples of traffic shaping are peak cell rate reduction, burst length limiting, reduction of CDV by suitably spacing cells in time and queue service schemes.


It is a network operator's choice to determine whether and where traffic shaping is performed. As an example, a network operator may choose to perform traffic shaping in conjunction with suitable UPC/NPC functions.


It is an operator's option to perform traffic shaping on separate or aggregate cell flows.


As a consequence, any ATM connection may be subject to traffic shaping.


The options available to the network operator/service provider are the following:


a)	No shaping


–	Dimension the network in order to accommodate any flow of conforming cells at the network ingress whilst ensuring conformance at the network egress without any shaping function.


b)	Shaping


–	Dimension and operate the network so that any flow of conforming cells at the ingress is conveyed by the network or network segment whilst meeting QoS objectives and apply output shaping the traffic in order to meet conformance tests at the egress.


–	Shape the traffic at the ingress of the network or network segment and allocate resources according to the traffic characteristics achieved by shaping, whilst meeting QoS objectives and subsequent conformance tests at the network or network segment egress.


Traffic shaping may also be used within the customer equipment or at the source in order to ensure that the cells generated by the source or at the UNI are conforming to the negotiated traffic contract relevant to the ATC that is used (see Section 5.5).


6.2.6	Fast resource management (FRM)


Fast resource management functions operate on the time scale of the round-trip propagation delay of the ATM connection. Both the ABT (see Section 5.5.5) and the ABR (see Section 5.5.6) ATM transfer capabilities make use of fast resource management functions to dynamically allocate resources to connections using theses capabilities. Potential other fast resource management functions are for further study.


Fast resource management functions use resource management cells which are described in Section 7.1 of this Recommendation.


�
6.3	Congestion control functions


For some traffic, adaptive rate control facilities at the ATM layer or above may be used. The following congestion control functions at the ATM layer are identified in this Recommendation.


6.3.1	Selective cell discard


In the context of congestion control, selective cell discard of CLP=1 cells as defined in Section 6.2.4 may be applied within a congested network element, primarily in order to protect, as long as possible, high priority CLP=0 flows.


6.3.2	Explicit forward congestion indication


The EFCI is a congestion notification mechanism which may be used to assist the network in avoidance of and recovery from a congested state. Since the use of this mechanism by the CEQ is optional, the network operator should not rely on this mechanism to control congestion.


A network element in a congested state may set an explicit forward congestion indication in the cell header so that this indication may be examined by the destination CEQ. For example, the source and destination CEQs may use this indication to implement protocols that adaptively lower the cell rate of the connection during congestion. A network element that is not in a congested state will not modify the value of this indication.


The mechanism by which a network element determines whether it is congested is an implementation issue and is not subject to standardization. The mechanism by which the congestion indication is used by the higher layer protocols in the CEQ is outside the scope of this Recommendation.


The impact of explicit forward congestion indication on the traffic control and congestion control functions requires further study.


6.3.3	Reaction to UPC/NPC failures


Due to equipment faults (e.g. in usage parameter control devices and/or other network elements) the controlled traffic characteristics at the UPC/NPC could be different from the values agreed during the call establishment phase. To cope with these situations, specific procedures of the management plane should be designed (e.g. in order to isolate the faulty link).


6.4	Traffic control interworking functions


ATM traffic control functions and procedures are defined according to the objective to integrate services at the ATM layer and achieve network performance objectives compatible with service integration. Traffic functions used by other bearer services may be considered. However, there is no commitment to use such functions for ATM traffic and congestion control.


6.4.1	Traffic control interworking with FMBS


Traffic control functions may be performed at the ingress of each subsequent network according to its specific parameters, whether network or service interworking is considered.


The following reference configurations (Figure 17/I.371) apply to traffic control in case of FMBS � B-ISDN interworking. It is left to network operators' decision whether these traffic control functions are actually present or not at the interworking functions (IWF).


�
Note that within the B-ISDN network indicated in Figure 17/I.371, there may be multiple network operators involved. The inter-operation between network operators within a B-ISDN is not addressed in this section.
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Figure 17/I.371


Reference configurations for traffic control interworking between FMBS and B-ISDN


For interworking case 2 on Figure 17/I.371, three are two traffic contracts applying to the FMBS on ATM terminal. The implications on conformance definition are under study.


�
7	Procedures for traffic control and congestion control


7.1	Resource management cell format


Resource management functions that have to operate on the time-scale of round-trip propagation delays of an ATM connection may need ATM layer management procedures to use resource management cells associated to that ATM connection.


The ATM layer RM cells contain fields common to all types of RM cells (see Figure 18) as well as specific fields for each type of RM cell.
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Figure 18/I.371


Resource management cell format


The coding principles for unused common and specific fields are:


–	unused RM cell information field octets are coded 0110 1010 (6AH);


–	unused RM cell information field bits (incomplete octets) are coded all zero.


The unused octets and unused bits are not to be checked by the receiver for conformance to this coding rule.


Further enhancements to this Recommendation should ensure that equipment supporting lower versions has no compatibility problems related to the content of RM cells. That is, functions and encodings of defined fields shall not be redefined in the future.


However, unused fields and unused code-points may be defined in future releases of this Recommendation and are therefore reserved.


For the purpose of this Recommendation, the leftmost bit is the most significant bit and is transmitted first.


See Recommendation I.361 for the coding of the ATM header for VC and VP resource management cells.


VC-RM cells should be excluded from VC performance monitoring functions. VC-RM cells should be included in VP-performance monitoring functions. VP-RM cells should be excluded from VP performance monitoring functions.


Protocol IDs 248 to 255 are reserved for network specific use. RM cells identified by these protocol IDs should only cross standardized interfaces by bilateral agreements.


�
Annex A


(to Recommendation I.371)


Generic cell rate algorithm GCRA(T,t)


This Annex provides the reference algorithm that is used in Section 5.4 to define the cell conformance of a cell stream to the negotiated value of a cell rate L=1/T, assuming that a tolerance t is allocated. T and t are in units of time.


The reference algorithm is described in Figure A-1/I.371. Two equivalent versions of this algorithm are shown: the virtual scheduling algorithm and the continuous state leaky bucket algorithm.
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VIRTUAL SCHEDULING�ALGORITHM


TAT	Theoretical Arrival Time�ta	Time of arrival of a cell to the given 	interface


At the time of arrival ta of the first cell of the connection to cross the given interface, TAT = ta�
CONTINUOUS-STATE�LEAKY BUCKET ALGORITHM


X	Value of the Leaky Bucket counter�X'	auxiliary variable�LCT	Last Conformance Time


At the time of arrival ta of the first cell of the connection to cross the given interface, X=0 and LCT = ta�
�
Figure A-1/I.371


Equivalent versions of the generic cell rate algorithm


�
Virtual scheduling algorithm (VSA)


The virtual scheduling algorithm updates a theoretical arrival time (TAT), which is the "nominal" arrival time of the cell assuming cells are sent equally spaced at an emission interval T corresponding to the cell rate L when the source is active. If the actual arrival time of a cell is not "too early" relative to the TAT and to tolerance t associated to the cell rate, i.e. if the actual arrival time is after (TAT-t), then the cell is conforming, otherwise, the cell is non-conforming.


Tracing the steps of the virtual scheduling algorithm (Figure A-1/I.371), at the arrival time of the first cell ta(1), the theoretical arrival time TAT is initialized to the current time ta(1). For subsequent cells, if the arrival time of the kth cell ta(k) is before the current value of TAT minus the tolerance t, then the cell is non-conforming and TAT is unchanged. If the cell arrival time ta(k) is greater than or equal to (TAT-t) but less than TAT, then the cell is conforming and TAT is increased by the increment T. Lastly, if the cell arrival time is greater than TAT, then the cell is conforming and TAT is updated to (ta(k)+T).


Continuous state leaky bucket algorithm


The continuous state leaky bucket can be viewed as a finite capacity bucket whose real-valued content drains out at a continuous rate of 1 unit of content per time unit and whose content is increased by the increment T for each conforming cell. Equivalently, it can be viewed as the work load in a finite-capacity queue or as a real-valued counter. If at a cell arrival the content of the bucket is less than or equal to the limit value t, then the cell is conforming, otherwise the cell is non-conforming. The capacity of the bucket (the upper bound of the counter) is (T+t).


Tracing the steps of the continuous state leaky bucket algorithm (Figure A-1/I.371), at the arrival time of the first cell ta(1), the content of the bucket X is set to zero and the last conformance time LCT is set to ta(1). At the arrival time of the kth cell ta(k), first the content of the bucket is provisionally updated to the value X', which equals the content of the bucket after the arrival of the last conforming cell X minus the amount the bucket has drained since that arrival, (ta(k)-LCT). If X' is less than or equal to the limit value t, then the cell is conforming and the bucket content X is set to X' (or to 0 if X' is negative) plus the increment T, and the last conformance time LCT is set to the current time ta(k). If X' is greater than the limit value t, then the cell is non-conforming and the values of X and LCT are unchanged.


NOTE – The two algorithms presented Figure A-1/I.371 are equivalent in that sense that, for any sequence of cell arrival times �\EMBED Equation ���, the two algorithms determine the same cells to be conforming and thus the same cells to be non-conforming. The two algorithms are easily compared if one notices that at each arrival epoch, ta(k), and after the two algorithms have been executed, TAT=X+LCT.


�
Annex B


(to Recommendation I.371)


Application of the GCRA to SBR conformance definition


Figures B-1, B-2 and B-3/I.371 respectively show the reference algorithm that results from two instances of the GCRA operated in a coordinated mode. Note that in these figures, TSCR and TPCR are respectively the inverse of the SCR and of the PCR, and the parameters tSCR and tPCR are respectively tIBT +t'SCR and the CDV tolerance tPCR, the values of the tolerance parameters that pertain at the given interface. These reference algorithms determine the conformance of cells at the given interface.
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VIRTUAL SCHEDULING ALGORITHM�


TATSCR, TATPCR	Theoretical Arrival Times�


ta	Time of arrival of a cell to the given interface�
CONTINUOUS-STATE LEAKY BUCKET ALGORITHM


XSCR, XPCR	Values of the Leaky Bucket counters


X'SCR, X'PCR	Auxiliary variables


LCT	Last Conformance Time�
�
TSCR	Reciprocal of SCR for CLP=0+1 cell flow


TPCR	Reciprocal of PCR for CLP=0+1 cell flow


tSCR	Tolerance associated with TSCR (= tIBT+t'SCR)


tPCR	Tolerance associated with TPCR�
�
At the time of arrival ta of the first cell of the connection to cross the given interface, TATSCR = TATPCR = ta�
At the time of arrival ta of the first cell of the connection to cross the given interface, XSCR = XPCR = 0 and LCT = ta�
�
Figure B-1/I.371


Reference algorithm for sustainable cell rate (SCR) and peak cell rate (PCR) traffic descriptors for CLP=0+1 cell flow
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VIRTUAL SCHEDULING ALGORITHM�


TATSCR, TATPCR		Theoretical Arrival Times


ta	Time of arrival of a cell to the given interface�
CONTINUOUS-STATE LEAKY BUCKET ALGORITHM


XSCR, XPCR	Values of the Leaky Bucket counters


X'SCR, X'PCR	Auxiliary variables


LCTSCR, LCTPCR	Last Conformance Times�
�
TSCR	Reciprocal of SCR for CLP=0 cell flow


TPCR	Reciprocal of PCR for CLP=0+1 cell flow


tSCR	Tolerance associated with TSCR (= tIBT+t'SCR)


tPCR	Tolerance associated with TPCR�
�
At the time of arrival ta of the first cell of the connection to cross the given interface, TATSCR = TATPCR = ta�
At the time of arrival ta of the first cell of the connection to cross the given interface, XSCR = XPCR = 0 and LCTSCR = LCTPCR = ta�
�
Figure B-2/I.371


Reference algorithm for sustainable cell rate (SCR) traffic descriptor for CLP=0 cell flow�and peak cell rate (PCR) traffic descriptor for CLP=0+1 cell flow


Tagging option is not applied
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VIRTUAL SCHEDULING ALGORITHM�
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tSCR	Tolerance associated with TSCR (= tIBT+t'SCR)


tPCR	Tolerance associated with TPCR�
�
At the time of arrival ta of the first cell of the connection to cross the given interface, TATSCR = TATPCR = ta�
At the time of arrival ta of the first cell of the connection to cross the given interface, XSCR = XPCR = 0 and LCTSCR = LCTPCR = ta�
�
Figure B-3/I.371


Reference algorithm for sustainable cell rate (SCR) traffic descriptor for CLP=0 cell flow�and peak cell rate (PCR) traffic descriptor for CLP=0+1 cell flow�Tagging option is applied


____________________
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