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1 Introduction and background

The purpose of this document is to give a short presentation of the delayed release of downlink TBF and the extended uplink TBF mode in order to serve as input for the design of mobile station test requirements. 

The delayed release of downlink TBF and the extended uplink TBF mode were introduced in REL‑4 of the specifications to improve the GPRS end-to-end performance. It was observed that the “burstiness” of many GPRS applications caused frequent release of TBFs, almost immediately followed by the establishment of new TBFs. This behaviour of the RLC/MAC layer may cause large variations of the end-to-end packet delay. Many GPRS applications are sensitive for delay and delay variations, resulting in a poor overall performance.

By introducing the delayed release of downlink TBF and the extended uplink TBF, the TBFs in both directions are able to sustain short inactive periods in the payload data flow, without releasing and establishing a new TBF. In this way, the end-to-end packet delay is reduced and becomes more consistent, to the benefit of the overall GPRS performance.

An example of a typical GPRS application is illustrated in the figure 1 below. The diagram shows an HTTP and TCP transaction. It is essential for the end-to-end performance that a single TBF can be used in each direction during the entire transaction.
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Figure 1: 
Example of GPRS application, HTTP and TCP transaction diagram

2 Delayed release of downlink TBF

The delayed release of downlink TBF (3GPP TS 44.060, 9.3.1a) was introduced in a backward compatible manner, i.e., there were no new requirements on the mobile station.

The solution utilises the fact that incorrect LLC PDUs are discarded by the receiving LLC entity in the mobile station. By inserting deliberately incorrect LLC PDUs (incorrect frame check sequence) in the downlink data stream, the network is able to maintain a downlink TBF, although there is no actual LLC PDUs to be sent. A specific LLC PDU, the LLC UI Dummy command is designed for this particular purpose (3GPP TS 44.064).

3 Extended uplink TBF mode

3.1 Overall principle

A basic principle for the extended uplink TBF mode is that the significance of the countdown procedure during the uplink TBF is changed compared to the legacy mode (non-extended uplink TBF mode). 

In the legacy (non-extended) mode, the countdown procedure initiates the release of the uplink TBF. Once the mobile station transmits a CV other than 15, it is not allowed to append new data to be transmitted during the ongoing uplink TBF. Any PDU received from the upper layer after the countdown is started shall be transmitted during a new uplink TBF. A new uplink TBF may be established after the release of the ongoing uplink TBF.

In the extended uplink TBF mode, the CV sent in an RLC/MAC block during the countdown procedure shall be seen merely as an indication to the network about the current state of the transmit buffer associated with the uplink TBF in the mobile station. If a new PDU is received from the upper layer during the countdown, the CV shall recalculated and potentially reset to 15. When CV = 0 is reached, it is up to the network to determine when to release the uplink TBF. As long as the network does not give the FINAL_ACK_INDICATION = 1 in a PACKET UPLINK ACK/NACK message, the mobile station may continue the uplink transfer using the blocks allocated for the uplink TBF.

3.2 Application

The operation in extended uplink TBF mode is governed by indications from the respective entities in the network and the mobile station.

The behaviour of the mobile station is determined by the NW_EXT_UTBF parameter that the network broadcasts on either BCCH or PBCCH. If the mobile station has received the indication that the network supports the extended uplink TBF mode, the mobile station shall operate any open-ended uplink TBF according to the procedures in extended uplink TBF mode (3GPP TS 44.060, 9.3.1b.1).

The behaviour of the network is determined by the GERAN Feature Package 1 bit that the mobile station includes in the MS Radio Access Capability IE (3GPP TS 24.008).

3.3 Recalculation of the countdown value

When the mobile station operates an uplink TBF in the extended uplink TBF mode, the countdown value included in uplink RLC/MAC blocks shall reflect the current status of the RLC transmit buffer associated with the uplink TBF. If a new PDU is received from the upper layer, the mobile station shall recalculate the CV (countdown value), possibly resetting the CV to 15 (3GPP TS 44.060, 9.3.1).

The recalculation of the CV shall be performed also if a new PDU is received from the upper layer after the RLC/MAC block with CV=0 has been transmitted to the network.

3.4 Packet Uplink Dummy Control Block

When the mobile station has reached CV = 0 and has received acknowledgement of all the RLC data blocks sent to the network, the RLC send state variables V(S) and V(A) are equal [ V(S) = V(A) ]. If there is no RLC data block with BSN = V(S) available, there is no RLC data block available for transmission (3GPP TS 44.060, 9.1.3). 

In this state, the mobile station shall send an RLC/MAC block containing a PACKET UPLINK DUMMY CONTROL BLOCK message in any uplink block that the network allocates for the uplink TBF (3GPP TS 44.060, 8.1.1).

3.5 Resuming the uplink data flow following CV = 0

If the mobile station has reached CV = 0 and possibly has received acknowledgement of all the RLC data blocks sent to the network so far, the mobile station may continue the TBF if a new PDU is received from the upper layer. When there is an RLC data block with BSN = V(S) available, it shall be sent in an uplink block allocated for the uplink TBF. As long as there are RLC data blocks available for transmission, no further PACKET UPLINK DUMMY CONTROL BLOCK messages shall be sent on the uplink TBF (3GPP TS 44.060, 8.1.1 and 9.1.3).

3.6 Conventional release of the uplink TBF at CV = 0

When the mobile station has reached CV = 0 and the network (in the RLC acknowledged mode) has received all the RLC data blocks sent to the network, including that/those corresponding to CV = 0, the network may release the uplink TBF. The network responds by sending a PACKET UPLINK ACK/NACK message, with the FINAL_ACK_INDICATION = 1 (3GPP TS 44.060, 9.5).

This may be the case, for instance, if the BSS has not received the GERAN Feature Package 1 indication from the mobile station. Releasing the uplink TBF in this way fully complies with the conventional uplink TBF release procedures in the legacy mode (3GPP TS 44.060, 9.3.2.4 and 9.3.3.3).

3.7 Release of uplink TBF in extended uplink TBF mode

In the general case, the network may release an uplink TBF operated in the extended uplink TBF mode at any time during the uplink TBF. The network initiates the release by sending a PACKET UPLINK ACK/NACK message, with the FINAL_ACK_INDICATION = 1 (3GPP TS 44.060, 9.5).

Typically, a release of the uplink TBF should be expected at a point in time after the mobile station has sent the RLC data block with CV = 0 and after entering an inactive period (sending PACKET UPLINK DUMMY CONTROL BLOCK messages on the uplink TBF). However, the release may also take place during the transmission of uplink RLC data blocks. In particular, the release may take place shortly after the mobile station has resumed the uplink data flow, before the network has received the first RLC data blocks, thus before the network has detected the resumption.

If the uplink TBF is released during the transmission of uplink RLC data blocks (in the RLC acknowledged mode), the mobile station shall transmit any incompletely transmitted or not fully acknowledged upper layer PDU after establishing a new uplink TBF (3GPP TS 44.060, 9.5).

NOTE:
As a practical approach, any upper layer PDU mapped on an RLC data block within the transmit window, [ V(A) £ BSN < V(S) ] modulo SNS, or not yet transmitted should be considered as either incompletely transmitted or not fully acknowledged by the network.

3.8 Change of RLC mode in extended uplink TBF mode

If the mobile station uses both RLC acknowledged mode and RLC unacknowledged mode during uplink TBFs, a change of the RLC mode during an uplink TBF in extended uplink TBF mode shall follow the procedure defined in 3GPP TS 44.060.

NOTE:
The use of RLC unacknowledged mode is controlled by the QoS parameters negotiated at PDP context activation. The use of RLC unacknowledged mode might therefore not be applicable for all mobile stations.

4 Proposed MS test cases

4.1 Delayed release of downlink TBF

No specific MS test cases are proposed for the delayed release of downlink TBF. The feature is backward compatible with mobile stations of R97. The test cases in the existing test specification should be sufficient.

4.2 Extended uplink TBF mode

It is proposed that the MS test cases for the extended uplink TBF mode should be focused on the following situations:

–
Recalculation of the countdown value: (1) before and (2) after the RLC/MAC block with CV = 0 is sent to the network.

–
The sending of PACKET UPLINK DUMMY CONTROL BLOCK messages after CV = 0 is reached and full acknowledgement of the transmitted RLC data blocks is received from the network.

–
Resumption of the uplink data flow: (1) before and (2) after the full acknowledgement of the previous RLC data blocks is received from the network.

–
Conventional release of the uplink TBF while the mobile station operates in extended uplink TBF mode.

–
Release of the uplink TBF during inactive period (i.e., whilst the mobile station transmits PACKET UPLINK DUMMY CONTROL BLOCK messages).

–
Release of the uplink TBF during active period (i.e., whilst the mobile station transmits RLC data blocks).

It is suggested that MS test cases, regarding the change of RLC mode in extended uplink TBF mode, be kept on low priority. If such MS test cases are designed, they should be applicable only for those mobile stations supporting the activation of a PDP context with a reliability class requiring RLC unacknowledged mode.
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