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Delayed TBF Release - Concept

1. Introduction

GPRS RLC/MAC procedures were designed for nonreal-time data transfer where the data arrives as one large block. However, the true nature of packet traffic is usually different from this assumption. For example, TCP based applications often send small packets between peer entities before the actual data transfer may begin. This leads to high number of TBF establishments and releases. Consequently, the resource utilization is far from optimal and transmission delays unnecessary long.

The problem can be avoided by modifying countdown procedure and delaying TBF release for a short period (e.g. 0.5-5sec) after the transmission buffer becomes empty. For this work a new work item has been proposed in Tdoc GP-010205. In this paper we describe on conceptual level how delayed TBF release would work. In related CR to 04.60 detailed description of the mechanism has been described. It is proposed that this feature is included in the Rel-4 version of the standard. 

2. Proposed mechanism

2.1 Countdown procedure

It is proposed that the countdown procedure is changed so that even after CV is below 15 more blocks can be sent during the ongoing TBF. If the mobile station receives new data from the higher layer after the countdown procedure has already been started the mobile station shall recalculate the CV value and continue data transfer normally.

2.2 Timer based TBF release mode

A new Timer based TBF release mode is proposed. The existing procedure is referred as Normal TBF release mode.

In this mode TBFs are not released when uplink CV=0 block or downlink Final Block has been sent and Final Ack has been received. Instead timers are started in the MS and in the network side and the mobile station continues to monitor the assigned PDCHs. During the timeout period data transfer can be resumed without TBF establishment. Physical resources can be allocated to other MSs / TBFs that have been assigned to the same PDCHs. Timer values are assigned to the mobile station in Packet Downlink/Uplink Assignment or Packet Timeslot Reconfigure messages. In typical cases TBF release timer values would be between 0.5-5s. 

2.2.1 Acknowledged mode

2.2.1.1 Uplink

After receiving all blocks of a TBF including a block with CV=0 network sends Packet Uplink Ack/Nack message with Final Ack Indicator bit set to one and includes a valid RRBP field in the RLC/MAC control block header. When receiving the Packet Uplink Ack/Nack message with Final Ack Indicator bit set to 1 the MS shall transmit Packet Control Acknowledgement message and start delayed TBF release timer (T3206). When the network receives the Packet Control Acknowledgement message in the radio block indicated by the RRBP field, the network shall start delayed TBF release timer (T3197). In case the MS does not receive the acknowledgement for the last block (CV=0) it shall retransmit the block. If the network does not receive the Packet Control Acknowledgement message in the radio block indicated by the RRBP field, it shall retransmit the Packet Uplink Ack/Nack message on the last PDTCH of mobile station's PDTCH allocation. If new data is received from the upper layers while the T3206 is running the timer is stopped and the MS notifies the network to resume to normal data transfer, see section 2.2.3. When delayed TBF release timer expires the TBF is released and USF and TFI values can be allocated to other MSs.

2.2.1.2 Downlink

When the network sends the last RLC data block it shall set the Final Block Indicator (FBI) to the value ‘1’ and use a valid RRBP field. Whenever the mobile station receives RLC data block with a valid RRBP field and the mobile station has received all RLC data blocks of the TBF, the mobile station shall include valid bitmap information and set the Final Ack Indicator bit to ‘1’ in the Packet Downlink Ack/Nack message and start timer T3208 for delayed TBF release. When the network receives Packet Downlink Ack/Nack message with Final Ack Indicator set to one the network shall start timer T3199 for delayed TBF release. 

When the MS has timer T3208 running and it receives retransmitted RLC data block with a valid RRBP, the mobile station shall send the Packet Downlink Ack/Nack message with the Final Ack Indicator bit set to ‘1’ and valid bitmap information and restart T3208. If new data is received from the higher layers when T3199 is running the network shall stop the timer and continue normal data transfer. If the MS receives a RLC block from the network while T3208 is running it shall stop the timer and resume to normal data transfer. When the delayed TBF release timer expires the TBF is released. 

In case the MS receives new data from the upper layers while the T3208 is running it shall notify the network to resume to normal data transfer (in case it has ongoing Uplink TBF) or to setup uplink TBF (in case only downlink TBF exists), see section 2.2.3. 

2.2.2 Unacknowledged mode

2.2.2.1 Uplink

The procedure is similar to acknowledged mode case. 

2.2.2.2 Downlink

The procedure is similar to acknowledged mode case. 

2.2.3 Notification of uplink activity

When delayed TBF release is used on a PDCH one USF value
 is reserved for uplink activity notification. Uplink activity notification is used to notify the network that the MS has received data that needs to be transferred. Two different cases exist: the MS may have uplink TBF and delayed TBF release timer T3206 running or MS may have only downlink TBF and delayed TBF release timer T3208 running. In the first case MS may continue data transfer immediately when the network begins scheduling the MS's USF. In the latter case, the network must first send assignment on downlink PACCH to the MS. If the MS has PACCH available (active data transfer) uplink activity notification or TBF establishment is done on PACCH.

When an MS sees this USF value it knows that the corresponding data block can be used to send a one-burst message to notify the network that the MS has data to send in the uplink direction. The MS will choose randomly one of the four bursts of the block to send the Uplink Activity Notification message containing an identifier of the MS. When the network receives the message it starts scheduling uplink sending permissions to the MS or sends assignment on downlink PACCH.  

3.  conclusion

In this document a conceptual description of delayed TBF release procedure has been presented. Several companies have acknowledged the problem of frequent TBF setups and releases when interactive traffic is transferred over GPRS. With the presented procedure unnecessary TBF establishments and releases can be avoided. It is therefore proposed that this mechanism is adopted in Rel-4 standard. 
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Appendix A. New Messages, Information Elements and Timers

4.1 Packet Uplink Activity Notification message

PACKET UPLINK ACTIVITY NOTIFICATION



< Packet Uplink Activity Notification 11 bit message > ::=

      < MESSAGE_TYPE : bit (4) == 1110

      < GLOBAL_TFI : bit (6) >

      < NOTIFICATION_TYPE : bit (1) >



PACKET UPLINK ACTIVITY NOTIFICATION information element details

GLOBAL_TFI (6 bit field)
This field is defined in clause 12.10 of [1]. In Rel-5 this field could be replaced by ARI.

NOTIFICATION_TYPE (1 bit field)

This field defines if the mobile station wants to transmit RLC data block or RLC/MAC control block.

0 RLC data block

1 RLC/MAC control block

4.2 TBF Release IE

TBF Release information element

< TBF Release IE > ::= { < TBF Release : bit (3) >};

TBF Release information element details

Length of TBF release (3 bit field)
This field indicates that TBF shall operate in timer based TBF release mode. This field defines how long the TBF is kept in packet transfer mode before being released.

Bit

0 0 0     0.5sec

0 0 1     1 sec

0 1 0     1.5 sec

0 1 1     2 sec

1 0 0     3 sec

1 0 1     4sec

1 1 0     5 sec

1 1 1     Reserved

4.3 New Timers

4.3.1 Mobile side

T3206
When the last uplink RLC data block has been sent and Packet Uplink ack/nack with FAI=1 has been received.
When a new RLC block is sent.


Release uplink TBF
Defined by TBF release information element

T3208
When the Packet Downlink ack/nack with FAI=1 has been sent.
When a new RLC block arrives.
Release downlink TBF
Defined by TBF release information element

T3210
When initiating Packet Uplink Activity Notification procedure.
When receiving PACKET UPLINK ASSIGNMENT or the PACKET ACCESS REJECT message.
Abnormal release without retry


2 sec



4.3.2 Network side

T3197
When last uplink RLC block has been received and Packet Uplink ack/nack with FAI=1 has been sent.
When a new uplink RLC block is received.
The network releases USF and TFI resources.
Defined by TBF release information element.

T3199
When last downlink RLC block has been sent and Packet Downlink ack/nack with FAI=1 has been received.
When a new downlink RLC block is sent.
The network releases TFI resources.
Defined by TBF release information element.

� In the presented CR this value has been identified as USF=POLLING (110). Also USF=FREE (111) could be used but in that case on PCCCH Uplink Activity Notification would be sent on PRACH. This would affect the access probability on PRACH.
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