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1. Introduction 

The current GPRS specifications support at most one connection (TBF) per mobile station and per direction on the radio interface.  From release 5 onwards, it is assumed that several simultaneous connections per mobile station and per direction will be supported for the Iu mode (see 3GPP TS 43.051 v5.0.0 section 6.1.4), as it is felt that having at most one connection per direction is an unnecessary limitation.

This document presents the benefits and the general concepts of the multiple TBFs feature. The A/Gb mode case is described as well.

An agreement on the principles should be reached during the TSG GERAN #4 meeting, to allow elaboration of the corresponding stage 3 CRs.  

2. Quality of service considerations

With packet data services becoming more and more widely used, mobile stations will likely support simultaneous PDP contexts, with different quality of service requirements.  The QoS requirements may be different in terms of many QoS parameters, like transfer delay requirement, precedence, throughput, traffic class, reliability … 

With the current limitation of one TBF per direction of the GPRS standard, it is only possible to map all the upper layer PDUs on the same TBF, when the different data flows share the same RLC requirements (all flows are RLC acknowledged , or exclusively, unacknowledged) ; when the data flows require different RLC handling, the mobile station or the BSS have basically no choice than to release the on-going TBF, and to re-establish a new one. Even when the data flows need to operate in the same RLC mode, on the uplink, a lower priority flow will be delayed for an uncontrolled period of time if another data flow with higher priority needs to be sent (see clause 8.1.1.1.2 of TS 3GPP 44.060).

As it is also not possible to suspend the on-going data transmission of an LLC PDU once its scheduling on the radio interface has already been started, the above behaviour can lead to delay a data flow with higher QoS constraint. 

The current GPRS standard also makes it difficult to manage the precedence or the throughput of an uplink LLC data flow, as change of those parameters is notified through a PACKET RESOURCE REQUEST message that may be sent at the same time as the related PDUs. There is hence no guarantee that a given PDU is indeed managed by the BSS according to its actual precedence class. This is all the more difficult in case the changes of QoS requirements are frequent on a TBF.

To be able to transfer data flows with different QoS requirements simultaneously on the radio interface, there is basically no choice other than being able to support at least several independent RLC entities, each of them being identified by a specific identifier (the TFI of the TBF offering service to that RLC entity in the simplest approach). 

When PDP contexts share similar QoS requirements, it could be possible either to map the data flows on the same RLC entity, or alternatively to create two different RLC entities. It is however not possible at present to map different PDP contexts on the same RLC entity in the Iu mode, since this would require the possibility to multiplex/demultiplex different PDCP entities on the same RLC entity, or the possibility to multiplex/demultiplex different RABs on the same PDCP entity, which goes against the Release 5 assumptions that one RAB is mapped on one independent PDCP and RLC entity. 

As far as the Gb mode is concerned, the SGSN can aggregate several PDP contexts having similar QoS requirements on the same QoS profile ; the BSS can map the data flows received from the SGSN on the same or different RLC entities (i.e. TBFs), whether the PFC procedures are supported or not.

2. Iu versus A/Gb mode

It is currently assumed for Release 5 that the multiple TBFs feature shall be supported for the Iu mode. Indeed it would not make a lot of sense for an operator to deploy a GERAN equipment supporting Iu mode without the possibility to support several simultaneous RABs, though it is supported by the CN and the UTRAN. This means that a Release 5 mobile station supporting the Iu mode shall implement the multiple TBFs feature. Similarly, though it is not explicitly possible to mandate the support of the multiple TBFs feature for GERAN supporting Iu mode, it is assumed that the feature will likely be supported by such Radio Access Network ; in the opposite case, it would not be possible for the GERAN to support multiple RABs establishment for a particular mobile station, i.e. the GERAN would have to refuse parallel RABs establishment requests received from the Core Network. It even appears as a MUST when considering the use of SIP signalling for the support of real-time flows on the Iu-ps interface. In that case, at least two RABs with different QoS constraints need to be established in parallel: one for SIP signalling, the other for the multimedia flow.

It shall be clarified whether the multiple TBFs feature also applies for the A/Gb mode. Although the requirements may not be as strong as for the Iu mode, it would still be desirable to have it for QoS considerations, as well as to minimize the difference of services perceived by the end user when going from 2G to 3G networks and vice-versa. It is hence proposed to extend the scope of the multiple TBFs feature to the Gb mode. However, as Release 5 mobile stations may not support QoS functions for the Gb mode, it is proposed that the multiple TBFs feature for the Gb mode is optionally supported by mobile stations (e.g. a mobile station supporting QoS functions and implementing the PFC feature could take benefit of the multiple TBFs feature for the Gb mode). It is also optionally supported by the BSS (an indication would be sent in a system information message).

3. Radio resources allocation

The question arises how to allocate radio resources to multiple TBFs of a same mobile station. 

The following principles could be applied : 

· radio resources are allocated to the mobile station, and can be used by any on-going TBF : this approach would allow to optimize the radio resources usage ; however this would make the QoS management within the GERAN more difficult, as the GERAN would not control anymore the radio resources allocation per data flow, but would have instead to aggregate the radio resources needs for the mobile station (e.g. aggregation of throughput and other QoS parameters) ; in addition, this would require either complex rules to be defined for the mobile station for the prioritisation of the different flows according to the different parameters of the QoS profile, or on the contrary simplistic rule that may not be appropriate for fine handling of QoS ; last but not least, such an approach would be mode demanding in term of TFI usage since each TBF would require the reservation of a TFI value on all the allocated PDCHs ; 

· radio resources are allocated to a dedicated TBF, but can be used by any other TBFs in the case the mobile station does not have any pending data to transfer for the TBF to which the resource is allocated ; 

· radio resources are allocated to a dedicated TBF, but can be used by any other TBFs mapped on the same PDCH, in the case the mobile station does not have any pending data to transfer for the TBF to which the resource is allocated ; 

· radio resources are allocated exclusively to a TBF, and is not used by other TBFs ; 

It is proposed to endorse the third alternative, which allows the GERAN to control the QoS per data flow, and allows to optimize the resources usage on the radio interface. Simple rules would be defined allowing the mobile station to prioritize the different data flows in case the TBF to which the resource is allocated does not have data to send.. It is however questionable whether it makes sense to allow the GERAN to control the radio resources allocation per data flow on SPSCH, knowing that the MS would control itself the scheduling of data blocks of different PDP contexts on DPSCH. Otherwise, rules are also required when the MS is allocated a DPSCH and it has several RABs active. It can be noticed that by allocating the same PDCHs to all the TBFs of the mobile station, the BSS can provide a behaviour close to the first case, with the difference that the network controls itself the allocation of resources between the different data flows.

In addition, it shall be possible for the GERAN to allocate the same USF to different RLC entities sharing similar QoS requirements. This will allow to spare USF values, especially for the Iu mode where it is not possible to share an RLC entity between different RBs. When allocated a radio block through the means of a particular USF value, the mobile station would send data of one of  the RLC entities having that USF allocated - according to simple prioritisation rules ; in case the mobile station would have no data to transmit for those RLC entities, data of other TBFs mapped on the same PDCH could be sent instead. 

4. Multiple TBFs establishment

In Iu mode, the mobile station would be in charge to request the establishment of a new uplink TBF per RB (i.e. per RLC entity). 

In A/Gb mode, a mobile station supporting the multiple TBFs feature would have to support the PFC procedures. When the multiple TBFs feature in A/Gb mode would be indicated in the (packet) system informations by the BSS, the mobile station would request the establishment of a new uplink TBF per different PFC. Otherwise the mobile station would be allowed to send different data flows on the same TBF, as currently defined in the 3GPP TS 04.60.

Provided it supports multiple RABs establishments, the GERAN would be in charge to request the establishment of a downlink TBF per RB in Iu mode.  If the GERAN does not support the multiple TBFs feature, it would serve only one RAB at a time. In A/Gb mode, the GERAN could allocate one or multiple TBFs, according to the capabilities of the mobile station.

5. RLC/MAC procedures

The RLC/MAC procedures need to be reviewed according to the following points : 

· one TBF is released independently of the others ; the TBF release procedures are applied per TBF (e.g; delayed TBF Release, T3192 timer, ….) ; 

· some RLC/MAC procedures are applied independently of the number of on-going TBFs ; e.g. the reporting of measurements in NC1 and NC2 mode is done once every reporting period, independently of the number of TBFs ; e.g. the PACKET CELL CHANGE NOTIFICATION shall be sent once ;

· each TBF may have its own PACCH slot ; however the multislot constraints of the mobile station may decrease to a certain extent the flexibility let to allocate multiple TBFs ; 

· the mobile station may use any uplink PACCH occurrence to send a signalling message to the network, except when this message relates to an on-going TBF : e.g. the mobile station could request an uplink TBF establishment in any Packet Downlink Ack/Nack message, or may send a PACKET MEASUREMENT REPORT in any uplink PACCH occurrence ; however a PACKET DOWNLINK ACK/NACK should be sent on the PDCH where the polling request was sent.

· some RLC/MAC messages may relate to multiple TBFs at the same time : the PACKET PDCH RELEASE message may impact several TBFs ; the PACKET TIMESLOT RECONFIGURE message may request the reallocation of resources of multiple TBFs (provided it does not require more blocks than currently possible for the RLC/MAC control block);  

· the need for possible enhanced RLC/MAC segmentations procedures due to the Multiple TBFs feature has not been yet analysed ; however, to maintain the effort limited for what regards the Gb mode, it is proposed that the current existing segmentation procedure shall not be changed for the Gb mode ; this may lead the BSS to send multiple messages, one per TBF, in case the handling of multiple TBFs in the same message would cause the violation of the maximum message size. 

6.  BSSGP procedures

The current BSSGP flow control procedures allow performing flow control per cell and per mobile station. In line with the support of multiple TBF features for the Gb mode, it is proposed to allow the definition of a BSSGP flow control per PFC (per mobile station). During the signalling BVC reset, the BSS and SGSN would exchange their capabilities to support that granularity of flow control. If supported by both equipments, the BSS could control the download of data from the SGSN per PFC. 

7. Conclusions

This paper is a very first analysis of the multiple TBF features. 

It proposes that : 

· the feature is mandatory for Release 5 mobile stations supporting the Iu mode ; 

· an uplink TBF is established per RB in Iu mode ; 

· the same USF value may be allocated to multiple TBFs of the same mobile station ; 

· when uplink radio resources are allocated, the mobile station preferably serves the uplink TBFs  to which the resources are allocated ; however if there is no data to be sent for those TBFs, the mobile station can send data of other TBFs mapped on the same PDCH where the radio resource is allocated ;

· each TBF owns its PACCH, independently of the others ; 

In addition, considering that the gains of the feature are also valuable for the Gb mode, it proposes that : 

· the feature is optional for the Gb mode ; the mobile station would indicate its support in its MS Radio Access Capabilities, while the BSS would do it through a (packet) system information message ; 

· the mobile station supporting the multiple TBFs feature shall support the PFC procedures ;

· an uplink TBF is established per PFC ; 

· the same radio resources allocation is applied as compared with the Iu mode ; 

· each TBF owns its PACCH, independently of the others ; 

· the BSSGP flow control procedures are enriched to support Gb flow control per PFC ; 

