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TBF Release improvements

1. Introduction

(E)GPRS is supposed to provide efficient bearer for applications like e-mail, web browsing. Most of the traffic to be used will be IP traffic using TCP or UDP as the transport protocol. Those applications and procols often send small packets between peer entities before the actual data transfer may begin. This leads to high number of TBF establishments and releases through CCCH or PCCCH channels. Consequently, the resource utilization is far from optimal and transmission delays unnecessary long.

This document describes two small improvement to TBF release and establishment on GPRS Release 99 providing shorter transmission delay and saving (P)CCCH resources.

2. Traffic

A TCP connection is started with a so called three way handshake. First the requesting end sends a SYN segment specifying the port number of server that the client wants to connect to, and the client's initial sequence number. The server reponds with its own SYN segment containing the server's initial sequence number. The server also acknowledges the client's SYN and the client acknowledges serve's acknowledge SYN message. These three segments complete the connection establishment. In case there are no other data to be sent during this time each of these messages will be sent through a separate TBF which teared down after the packet has been sent. 

Even e-mail download which is often considered as a transfer of one large file actually leads to a large number of TBF setups and releases. E-mail applications such as IMAP (Internet Message Access Protocol) also use TCP to setup connections. However, after TCP connection has been setup the application transfers messages with server. Whenever the countdown procedure begins the TBF must be set up again. Consequently there may be a significant delay before the download actually begins and what is even worse TBFs may be setup and released several times before the download can be begin. TBF setup has to be done usually on CCCH or PCCCH causing increase of overall transmission delay and a lot of unnecessary signaling load on (P)CCCH.

3. Current TBF release

According to (E)GPRS specs the TBF is released after the last buffer has been sent and acknowledged. In case of open ended uplink TBF, a countdown procedure is used and whenever there are less than 15 blocks (network configurable parameter) left in the buffer the countdown procedure will not be stopped. 

Figure 1 describe the release of downlink TBF and the establishment of uplink TBF as defined by GPRS standards.
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FIGURE 1: DL TBF -> UL TBF (R97)

4. Proposed mechanisms

4.1 UL TBF ESTABLISHMENT AFTER RELEASE OF DL TBF

When the mobile station receives the last RLC data block of the downlink TBF and the network requests an acknowledgement, the mobile station has 13-26 TDMA frames time to send the response message (e.g. Packet Downlink Ack/Nack message) to the network. In case the mobile station has no uplink TBF and one or more upper layers (LLC, MM, TCP, application) have data to transmit in the uplink direction as a response to the received message, the upper layers may not have enough time to deliver their response messages to the RLC/MAC layer in order the RLC/MAC layer is able to request the establishment of uplink TBF by including Channel Request Description IE into the Packet Downlink Ack/Nack message.  Thus the establishment of uplink TBF takes place on (P)CCCH after T3192 has expired. The overall time before the mobile station may transmit data may be 1-2 seconds.

In order to minimize the time for uplink TBF establishment after downlink TBF and in order to avoid usage of  (P)CCCH, it is proposed that the network retransmits once the final RLC data block after receiving the Packet Downlink Ack/Nack message with Final Ack Indicator bit set to ‘1’. Thus the mobile station is given more time to have upper layer data ready in RLC/MAC layer when sending the Packet Downlink Ack/Nack message to the network in which the mobile station may request the establishment of uplink TBF. 
This mechanism can be used when TBF is operating in RLC acknowledged mode. In RLC unacknowledged mode, MS has to response to Packet Downlink Ack/Nack message with Packet Control Ack/Nack using the block format according to the broadcasted parameter. This behaviour can not be changed , because BSS has to know which block format the MS is using. Change would cause backward compatibility problems.
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FIGURE 2: DL TBF -> UL TBF (PROPOSED R99)

Related CR is in Tdoc xxx

4.2 DL TBF -> UL TBF, DELAYING OF THE FINAL PACKET UPLINK ACK/NACK

When the mobile station sends LLC PDU in the uplink direction, almost allways the uplink LLC PDU generates a response in the downlink direction. Downlink LLC PDU may contain e.g. LLC acknowledgement from the SGSN or user data response from a server. Thus normally DL TBF establishment on PCCCH is needed immediately after release of UL TBF. Figure 3 describes this behaviour as specified in GPRS Release 97.
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FIGURE 3: UL TBF -> DL TBF (R97)

It is proposed to improve this procedure by establishing the downlink TBF on PACCH before releasing the UL TBF. This can be done by delaying the sending of the last Packet Uplink Ack/Nack message with Final Ack Indicator bit set to '1'. The advantage of the mechanism is that it avoids (P)CCCH usage. Downlink TBF establishment is faster on PACCH than on (P)CCCH, because possible DRX parameters don't have to be considered, initial timing advance is already known by the mobile station and possible Assignment/Paging queue on (P)CCCH can be avoided. Also (P)CCCH resources are saved. Figure 4 describe the proposed mechanism.
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FIGURE 4: UL TBF -> DL TBF (PROPOSED R99)

Related CR is in Tdoc xxx.

5. Results

Initial simulation of proposed mechanisms were performed with following assumptions:

· multislotclass 2 (2+1),CCCH operation, CS-2 used, countdown value (BS_CV_MAX)=6 
Following results are unofficial and meant only to give some figure on the impact of the improvements.
Transmission of 100 kbyte file

Transmission time

100 kbyte file transmission time was performed and the transmission time was varying between 63-73 second when proposed mechanisms were not used. Using proposed mechanisms the transmission time reduced to the 45 second.

CCCH usage

Following table lists the amount of Immediate Assignment messages needed for uplink and downlink file transmissions. It can be seen that the CCCH usage decreases drastically.


Immediate  Assignments


UL TBF
DL TBF

Normal
16-21
24-33

Improved
4-5
2-5

6. Conclusion

Mechanisms to improve the UL and DL release and establishment procedures are presented. It is proposed to include these mechanisms into GPRS Release 99.
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