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Multiple TBF's and PACCH Handling
1. Introduction

The current GPRS specification supports at most one connection per MS (TBF: Temporary Block Flow) in each direction (Uplink, Downlink) regardless how many timeslots are allocated. The connection is identified with the same identifier in every timeslot (PDCH) used for the connection: TFI (Temporary Flow Identifier). This TFI is unique on all PDCH's used for the TBF [1]. In the future when packet data services are widely used, having at most one connection per direction is an unnecessary limitation and therefore several simultaneuous connections per MS in the same direction will be supported in GERAN Rel5 which are identified using different or same temporary block flow identifiers (TFI). This is commonly referred to as multiple TBF's. However it has not been addressed yet how signalling is done assuming today's multislot classes, having multiple TBF's.

This document proposes a mechanism that allows for mapping the PACCH of several TBF's on the same PDCH, in order to comply with the multislot class constraints of an MS, and that consequently enables the use of multiple TBF's with any of the multislot classes defined currently in GSM 05.02 (3GPP TS 45.002). It also provides means for expanding today's use of RRBP field to comply with the new proposed use of PACCH.

2. Multiple TBF's, MUltiple PACCH's, Multislot

As seen earlier, in (E)GPRS, each TBF has a PACCH (PACCH/U and PACCH/D) that may only occur on the same PDCH(s) as the one(s) of the TBF, according to the MS multislot class, as shown on the example below:


Figure 1. Single TBF and PACCH/U

Introducing multiple TBF's on different PDCH's in this context  (i.e. by simply applying the GPRS mechanisms for every TBF), implies that the Uplink might have to be multislot. This is not compliant with the existing different multislot classes, therefore it is not acceptable:


Figure 2. Multiple TBF's, PACCH's and slots
Consequently, in order to support all multislot classes and multiple TBF's, it should be possible to map the PACCH of several TBF's on the same PDCH in this kind of configuration. This also implies that the RRBP field cannot be used as it is today for all the TBF's and needs to be modified: in the previous example, RRBP cannot be used as such for TBF1, as it could reserve uplink blocks on TN1.

Note: the number of slots used in UL is smaller or equal than the number of slots used in DL.

Mapping the PACCH of several TBF's onto the same PDCH is illustrated on Figure 3 that depicts a multislot class 4 MS i.e. 3 time slots in downlink and 1 time slot in uplink. There are three parallel connections active in the downlink connection A, B and C. Temporary block flows TFI x, TFI y and TFI z have been allocated respectively for the connections. If the connections use acknowledged mode RLC then RLC blocks from all the TBF's have to be acknowledged on the same uplink timeslot, due to the multislot class constraints. Packet downlink ack/nack message has an information element Global_TFI that identifies the temporary block flow to which acknowledgement is related. If the network has allocated the same TFI values for two connections e.g. TFI x and TFI z are the same, then downlink TBF cannot be unambiguously identified in Packet downlink ack/nack message.


Figure 3. Acknowledging several TBFs on one uplink channel.

3. proposals

In view of the problems seen before, it is proposed to allow the PACCH of several TBF's to be mapped on the same PDCH (this may be seen as having a "shared PACCH" among several TBF's) and that RRBP use is extended, assuming the downlink PDCH peer of this uplink PDCH (i.e. with same timeslot number) is not used by at least one of the TBF's.

3.1 Mapping the PACCH/U of several TBF's on the same PDCH

In order to map the PACCH/U of several TBF's on the same PDCH it must be possible to differentiate the control messages related to each of the TBF's. As a TFI value may be used by two different TBF's on two different PDCH's, the TFI itself is not enough to identify the owner (TBF) of the control message sent. Because a TFI is unique on all PDCH's used for the corresponding TBF, it is proposed that the Timeslot Number (main timeslot number in case of a multislot TBF) be appended, as a new field, to the TFI field in control messages in order to uniquely identify the TBF to which the control message refers in case its PACCH is not mapped on the PDCH/U that corresponds to a PDCH/D of the TBF.


Figure 4. Mapping the PACCH/U of several TBF's on the same PDCH 
to MS constraints

Note: in the example above, the TN for TBF2 need not be included.

3.2 RRBP

The RRBP field (Relative Reserved Block Period) value specifies a single uplink block in which the mobile station shall transmit either a PACKET CONTROL ACKNOWLEDGEMENT message or a PACCH block to the network. 

The RRBP is included in all RLC/MAC data blocks and may be included in RLC/MAC control blocks. For RLC/MAC data block, the validity of RRBP is informed via the (E)S/P bit(field). For RLC/MAC control block the RRBP is always valid. When the RRBP is received as part of an RLC/MAC block on a PDCH, an uplink block is reserved on the same PDCH in UL (i.e. having the same TN) as is shown in GSM 04.60 (section 10.4.5).

Using the RRBP in this way when having multiple TBF's is not compliant with all multislot classes, as said earlier. The absence of RRBP implies that neither measurements nor acknowledgement bitmaps can be ordered by the network to the MS, unless creating new messages to command the MS to send this information. Therefore it is proposed to use the RRBP field but adapt its definition so that it can be used with a PACCH/U occuring on a PDCH that may be different from the downlink PDCH where the RRBP was sent (as already described).

To make this possible it is proposed that a new field, UPLINK_CONTROL_TIMESLOT, be introduced while assigning a downlink TBF or reallocating the resources of a downlink TBF in order to inform the MS of which uplink timeslot to use for sending control messages for this particular TBF. In this context, it is also proposed to use the RRBP to specify a single uplink block on the UPLINK_CONTROL_TIMESLOT in which the mobile station shall transmit either a PACKET CONTROL ACKNOWLEDGEMENT message or a PACCH block to the network.

It should be noted that in order to respect the MS multislot class, the UPLINK CONTROL TIMESLOT for a TBF may be changed if the MS is getting new TBF's on different PDCH's.

CONCLUSIONS

The proposal allows for using multiple TBF's with any of the multislot classes defined in GSM 05.02. It is proposed to enable the mapping of a PACCH/U of several TBF's on the same PDCH, therefore, an UPLINK_CONTROL_TIMESLOT may be assigned to a TBF for this purpose: this applies in case the peer UL PDCH of the DL PDCH used by the TBF cannot be used due to the MS constraints, i.e. the PACCH/U of this TBF has to be on a different PDCH. It is also proposed that the timeslot number (main timeslot number in case of multislot) of the PDCH of a TBF be added in the UL control messages of this TBF so that this TBF may be uniquely identified (TFI, Timeslot Number) on its uplink control timeslot.

Alternatively, the problem of multiple slots implied when having multiple TBF's may be avoided by assigning the different TBF's with fully or partly (with restrictions) overlapping PDCH configurations (see below). This would make TBF allocation less flexible, but would limit the change to the specifications, as existing mechanisms could be reused as such.


4. references
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