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1 Scope

This document suggests an improved flow control mechanism on the Gb-interface based on QoS classes.  The proposed solution introduces a BSSGP flow control that works on three levels: per BVC, per MS and optionally  per PFC.  The main benefit of introducing flow control per PFC is to allow for each MS to efficiently support multiple simultaneous PFCs of different priorities. With the currently defined BSSGP flow control this is not possible. The reasons for this shortcoming are explained in this document.


The document also discusses the impacts of improved flow control on scheduler functions when located in SGSN or BSC. The additional traffic load on the Gb interface is evaluated and possible alternative solutions are presented.

2 References

2.1 References

[1] 3GPP TS 48.018: "General Packet Radio Service (GPRS); Base Station System (BSS) – Serving GPRS Support Node (SGSN); BSS GPRS Protocol (BSSGP), (Release 4 )".

2.2 Abbreviations

BVCI
BSSGP Virtual Connection Identifier

MBR
Maximum Bit Rate 

PFC
Packet Flow Context

PFI
Packet Flow Identifier

QoS
Quality of Service

3 Introduction

In R99 of the GPRS standard, a new QoS handling was introduced between the BSS and the SGSN. The new PFC procedures optionally supported by BSSGP allows differentiation at the Gb interface between QoS classes. The BSS receives from SGSN the complete QoS profile and is able to negotiate the QoS to be applied on the Gb interface to suit a profile that can be supported in the BSS. The BSS or SGSN are also able to schedule the data flows for mobiles according to the agreed QoS profile of the individual flows.

The flow control mechanism between the SGSN and the BSS makes it possible to control the data flow per BVCI and per MS.

4 Problem

It is considered a limitation to only control the data flow per BVCI and per MS. An MS may have several PFC’s of different types and QoS to support several applications in the MS. In figure 1 an example of flow control per MS and per BVCI is given. MS 1 is running a data flow with a high QoS, PFC1. The MS buffer in BSS for MS1 is half full and MS1 is scheduled on the radio resources with a high rate. Another mobile station, MS2, is sharing the same radio resources in the BSS as MS1. MS2 is running a data flow ( i.e an FTP file download) of low QoS, PFC2. MS2 is scheduled very seldom on the radio resources and the MS buffer for MS2 is full. The bucket leak rate of 3 kbps for MS2 is indicated in the flow control parameters to the SGSN. With a LLC PDU size of 1500 bytes, an LLC PDU for MS2 will pass the Gb interface per MS every 4 seconds. MS2 then starts an new data flow ( e.g. a web browsing session) of high QoS, PFC3. The new data flow, PFC3, for MS2 is prioritised over PFC2 in the SGSN and will be put first in the MS2 buffer. But since the leak rate for MS2 is low, the first LLC PDU for PFC3 has to be delayed 4 seconds before the SGSN may send it to the BSS. This will occur each time a low priority flow has completely filled the buffer in BSS. 
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Currently, BSSGP only allows for flow control per BVC and per MS. In cases when a single MS is running multiple flows with PFC of different priorities, this may inhibit fulfilling the QoS requirements of the flows associated with a high priority. 


From the discussions above, one can see how a flow associated with a low priority PFC can hinder fulfilling the QoS requirements from a higher priority PFC since both flows are being controlled by the same BSSGP flow control. It is therefore propose to define an optional BSSGP flow control that operates per PFC.

A second motivation for introducing flow control per PFC is connected to the basic decision of where to place the QoS controlling scheduling function in GERAN. The control of the access to a common transmission resource, which is shared by a number of parallel sessions, is typically performed by this scheduling function distributing the transmission resources according to specific rules. In GERAN this function can either be implemented in the SGSN or the BSC. Both options are possible and the final decision is left to the manufacturers. The standard supports both solutions.

In order to guarantee that both options are possible to implement, certain requirements are put on the information exchange taking place over the Gb interface.

If one decides to implement the scheduling function in the SGSN, the BSS has to ensure that the data received from the SGSN is immediately put on the radio link. The BSS is not supposed to implement any functions to prioritize certain flows, but it should follow the decisions made in the SGSN. This makes it necessary to keep the queues in the BSS as small as possible such that the scheduling policies implemented in the BSS do not interfere with the decisions made at the SGSN. Thus, one requirement put on the BSSGP is that the fillstate of the buffers in the BSS needs to be reported to the SGSN.

A second mechanism to ensure that the service quality is under control of the SGSN is to assign lifetimes to the LLC frames sent to the BSS. The BSS has to follow these lifetime assignments and control the scheduling such that possibly no lifetime expires before transmission. Both information elements, the BSS buffer fillstates and the LLC lifetimes, are of less importance, if the scheduler is implemented in the BSS.

Implementing the scheduler in the BSS puts the BSS into control of the service quality. In contrast to the first solution, it is here necessary that enough data is available from all sessions sharing the radio channel. On the other hand the amount of data should not be too large in order to avoid that these large amounts of data are lost if the session is transferred to a cell controlled by a different BSC. Thus, flow control commands are included into BSSGP to allow the BSS to control the amount of data sent by the SGSN. With the introduction of distinct service classes the competition does no longer only take place between different MS, but between the different flows belonging to certain service classes. Thus, it is necessary to extend the already present flow control commands to take the finer granularity of service quality differentiation into account. Therefore, the flow control needs to allow differentiating between different PFCs.

If the flow control per PFC is not possible, the scheduling mechanisms in the BSS can easily be overruled by the SGSN’s behaviour. If the SGSN decides to output downlink data of two PFCs belonging to one MS at certain rates, there is no chance for the BSS to prioritize differently as data from the SGSN does not become available fast enough.

The standard has left the decision about the placement of the scheduler open. It has also been ensured that both solutions can be implemented, as explained above. The BSSGP has been defined such, that the procedures required for either solution are included. In order to ensure the freedom of design also in the future, the BSSGP needs to implement flow control functions, which are able to distinguish between different PFCs. This ensures that a scheduler implemented in the BSS is able to fulfil its task.

5 Solution and procedural details

5.1 Procedural description for introduction of flow control per PFC.
The BSSGP flow control procedures are proposed to be extended to allow the SGSN to control the data flow to the BSS per Packet Flow Context (PFC) of an MS in addition to control the data flow per MS and per BVCI.

The BSS optionally sends flow control parameters per PFC of an MS to the SGSN. The data flow is controlled on each LLC PDU first per PFC of an MS if the flow control parameters per PFC of an MS are available to the SGSN, then per MS and last per BVCI. 

According to the BSSGP flow control model, described in 3GPP TS 48.018, an LLC PDU is passed by the algorithm as long as the bucket counter (B) plus the length of the LLC-PDU does not exceed the bucket size Bmax.  

By introducing the flow control per PFC the data flow for an MS from the SGSN to the BSS is divided into several flows, one for each PFC of an MS. This allows the SGSN and the BSS to separate the MS bucket into one bucket per each PFC. It also allows the SGSN to optimise the data flow according to the different QoS requirements.

For an MS running a data flow for a PFC with low QoS, the flow control per PFC allows for starting a new data flow at any time even if the data flow for the first PFC is stopped by the flow control. For example a  LLC PDU for the first PFC of an MS does not pass the flow control in the SGSN but a LLC PDU for a new PFC with a high QoS of the same MS will pass the flow control. 

In figure 2 an example of flow control per PFC, per MS and per BVCI is given. MS 1 is running a data flow with a high QoS, PFC1. The PFC buffer of MS1 in BSS for PFC1 is half full and MS1 is scheduled on the radio resources with a high rate. Another mobile station, MS2, is sharing the same radio resources in the BSS as MS1. MS2 is running a data flow ( i.e an FTP file download). of low QoS, PFC2. MS2 is scheduled very slowly on the radio resources and the PFC buffer of MS2 for PFC2 is full. The bucket leak rate of 3 kbps for PFC2 of MS2 is indicated in the flow control parameters to the SGSN. With a LLC PDU size of 1500 bytes, an LLC PDU for MS2 will pass the flow control per MS every 4 seconds. MS2 then starts an new data flow ( i.e a web browsing session) of high QoS, PFC3. The new data flow, PFC3, for MS2 is prioritised over PFC2 in the SGSN and will be put first in the MS2 buffer. If the flow control is made per PFC the new data for PFC3 of MS2 may be sent from the SGSN to the BSS with a default leak rate and bucket size per PFC indicated by the BSS to the SGSN. Thus, the data flow for PFC3 is not delayed at all in the SGSN before the SGSN may start transmitting to the BSS.
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5.2 The dynamics of flow control for cell, MS and PFC

The principle of the BSSGP flow control procedures is that the BSS sends to the SGSN flow control parameters which allow the BSS to control the output rates from the SGSN to the BSS. The SGSN shall allow flow control on each BVC and on each MS and optionally on each PFC for an MS.

The PFC Flow Control feature is an option and, if negotiated between SGSN and BSS, the BSS shall control the flow of BSSGP UNITDATA PDUs to BSS for a certain PFC for an individual MS by indicating to the SGSN the maximum allowed throughput for a certain PFI.

In specific the introduction of PFC flow control means:

· The model for the control of downlink throughput performed by the SGSN is kept but an additional level is added to check  if PFC flow control allows the LLC PDU to be sent to BSS. 
· The rate at which the BSS is allowed to send flow control messages for a given BVC or MS or PFC is limited and defined by the already existing rule. This means that the traffic load on the Gb interface caused by introduction of the PFC flow control messages will slightly increase, since more flow control messages will be sent if the number of PFCs per MS is greater than 1. However, this is not believed to constitute a significant increase of the total load on the Gb interface. The total amount of flow control messages at maximum transmission rate remains the same. In case only one PFC is allocated to an MS no increases of the signalling load is expected. 


· It is expected that the required buffer space to handle downlink traffic in BSS from SGSN will not increase when the optional PFC flow control mechanism is activated.


· The introduction of PFC flow control will at the Gb interface mean that the granularity of flow control is increased and the control may optionally be shifted from MS to PFC flow control.


· In the standard there is a restriction in the number of PDP supported and mapped one-to-one to  NSAPIs and SAPIs that are available. Within these existing restrictions it is not expected that the introduction of flows per application will cause any problem. 


5.3 Alternative solution to multiple PFCs.

An alternative solution to the flow control per PFC has in previous GERAN meetings shortly been discussed and is commented here. In order to support an MS with multiple data flows it has been proposed that BSS should when  i.e. a second PFC is activated change the MS flow control model ( in a implementation specific way ?) to cope with this situation.

The following functions have been proposed:

· At the point in time when a second PFC is created in BSS the MS flow control will be adopted to support a higher leak rate related to the number of PFCs for the MS. 

· The leak rate for the MS will be increased to keep the flows over the air interface going with a suitable number of LLC PDUs per PFC queueed in the BSS.


This solution raises the following questions, see figure 1 and 2:
· What information will SGSN receive to keep the BSS PFC buffer fillstate constant? . 
Constant fillstate is required for a single MS is running multiple flows with PFC of different priorities. It is essential that enough data is available from all sessions sharing the radio channel. On the other hand the amount of data should not be too large in order to avoid that these large amounts of data are lost if the session is transferred to a cell controlled by a different BSC.
· How is the logic defined in BSS which increases/decreases the MS leak rate related to variations in number of PFCs and availability of data or not for the PFCs ?
6 Conclusion 

The proposed solution is to introduce on the Gb-interface the optional flow control per PFC for an MS. The consequences if this proposal accepted is:

· The possibility to fulfill GPRS QoS obligations will be improved.


· If multiple TBFs on the air interface are introduced the PFC flow control is also needed for individual flow control related to TBFs.
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