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Delayed TBF Release - Concept

1. Scope

This document describes the delayed TBF release concept including modifications to the countdown procedure and TBF release mechanims. The scope of the document is to give a general view of the delayed TBF release concept and outline the changes to the specifications. Related CRs to 04.60 and 03.64 describe the solution in detail. 

2. Definitions

Normal TBF release mode: Refers to existing procedures. TBF is released when all data has been sent. 

Timer based TBF release mode: Refers to the proposed new mechanism. When all data has been sent a timer is started and only after the timer expires the TBF is released. During the timeout period data transfer may be resumed without TBF establishment. 

Packet Uplink Activity Notification: Procedure where the mobile station notifies the network that it has uplink data to transfer. May be used to deacrease polling overhead in the timer based TBF release mode.  

3. 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.

Delay can be decreased by providing extra signaling capacity and using one phase access instead of two phase access. However, it is difficult to make the TBF setup delay very short as it takes some time for the MS to move to common channel and back to the data channel in a controlled manner. Also the load on signaling channel remains high with this kind of solution. 

The problem can be solved better by allowing TBFs to stay alive over temporary inactive periods. This can be done by enhancing the TBF release mechanism. In the proposed timer based TBF release mode the countdown procedure is slightly modified. In addition TBF release can be delayed for a short period (e.g. 0.5-5sec) after the transmission buffer becomes empty. In case the inactivity period exceeds the predefined time the MS returns to a common control channel and follows the normal common channel procedures.

4. Proposed mechanism

4.1 Modified Countdown Procedure

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 layers after the countdown procedure has already been started the mobile station shall recalculate the CV value and continue data transfer normally.

4.2 TBF Release

TBF release is controlled with a specific timer on both MS and network side. During the timeout period data transfer may be resumed without TBF establishment.  The timer value is defined in the Packet DL/UL Assignment or Packet Timeslot Reconfigure message. Possible values are between 0.5-5s.

The timer is started when the final ack has been received. During the timeout period the mobile station continues to monitor one of the assigned PDCHs, referred as monitoring PDCH. By following only one channel MS's power consumption can be minimized. MS returns to monitor the full allocation immediately after it resumes to normal data transfer.

4.2.1 Acknowledged mode

4.2.1.1 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 (T3210). 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. 

In case data is received from the upper layers while the T3210 is running the MS may 

1. In case there is no downlink data transfer ongoing send Packet Uplink Activity Notification message in a block identified with USF = POLLING. This message notifies the network that the MS requests to continue data transfer. 

2. In case there is active donwlink data transfer the MS includes Channel Request Description IE into Packet Downlink Ack/Nack message. This IE notifies the network that the MS requests to continue data transfer.

3. In case the network assigns uplink sending permission via USF the MS may resume to data transfer immediately.

When the network receives Packet Uplink Activity Notification or Packet Downlink Ack/Nack message with a Channel Request Description IE included it stops timer T3197 and begins allocating uplink sending permissions to the MS. When the MS has a sending permission and data to send it stops timer T3210 and resumes to normal data transfer.

The network shall guarantee that the MS is able to continue data transfer or notify the network about the need to transfer data. This is done by scheduling USF=POLLING or MS's USF flag at least once in every 25 block periods.  

When delayed TBF release timer expires the TBF is released and USF and TFI values can be allocated to other MSs. In case there is no downlink TBF the MS returns to camp on a common control channel.

4.2.1.2 Downlink

When the network sends the last RLC data block it sets 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 T3212 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. If the MS has timer T3212 running and it receives retransmitted RLC data block with a valid RRBP field, 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 T3212. 

In case data is received from the higher layers while T3199 is running the network shall stop the timer and continue normal data transfer. If the mobile station receives new data from the upper layers while the T3212 is running and the MS has either no uplink TBF or has T3210 running it shall 

1 Send Packet Uplink Activity Notification message in a block identified with USF = POLLING. This message notifies the network that the MS requests to continue data transfer. 

or

2 In case the MS has T3210 running and the network assigns uplink sending permission via USF the MS may resume to data transfer immediately.

When the network receives Packet Uplink Activity Notification it shall stop T3197 if running and begin allocating uplink sending permissions to the MS. In case the network receives Packet Uplink Activity Notification and there is no uplink TBF the network shall send Packet Uplink Assignment or Packet Access Reject on downlink PACCH.

When the delayed TBF release timer expires the TBF is released. 

4.2.2 Unacknowledged mode

4.2.2.1 Uplink

The procedure is similar to acknowledged mode case. 

4.2.2.2 Downlink

The procedure is similar to acknowledged mode case. 

4.3 Polling during inactive periods

While T3197 is running and there is no active downlink data transfer (T3199 running or no downlink TBF) or if T3199 is running and there is no active uplink data transfer (T3197 running or no uplink TBF) the network must guarantee that the mobile station can establish / continue uplink TBF. 

4.3.1 Normal polling

In case T3197 is running network allocates regularly an uplink sending permission to the MS. If the MS has data it may continue data transfer. Otherwise it sends a Packet Uplink Dummy Control block. 

4.3.2 Packet Uplink Activity Notification

When delayed TBF release is used on a PDCH one USF value
 may be reserved for uplink activity notification. Packet Uplink Activity Notification message is used to notify the network that the MS has received data that needs to be transferred. This way the polling overhead can be decreased.

The procedure begins by starting T3214 and sending Packet Uplink Activity Notification in randomly chosen burst of the first uplink block with USF=POLLING flag. The message is sent in each block with USF=POLLING flag until T3214 expires or the mobile station receives uplink sending permission (T3210 running) or in case there is no uplink TBF the MS receives Packet Uplink Assignment or Packet Access Reject message. When T3214 expires the procedure is aborted and in case there is no downlink TBF the mobile station returns to camp on a common control channel.

4.4 Release of TBF to Change RLC mode

In case the MS requests to send data with different RLC mode while T3210 is running it shall release the TBF using Packet Uplink TBF Release message and establish a new TBF following normal procedures.
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Appendix A. New Messages, Information Elements and Timers

5.1 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

5.2 Packet Uplink TBF Release

Table 1: Packet TBF RELEASE information elements

< Packet TBF Release message content > ::=


< UPLINK_TFI : bit (5) >


< TBF_RELEASE_CAUSE : bit (4) = { 0000 } >


< padding bits >;

Table 2: Packet UPLINK TBF RELEASE information element details

UPLINK TFI
This information element contains the TFI of the mobile station’s uplink TBF to be released.

TBF_RELEASE_CAUSE (4 bit field)
This field indicates the reason for the release of the TBF. This field is encoded according to the following table:

 bit
 4 3 2 1
 0 0 0 0

Change of RLC mode 

All other values are reserved.

5.3 TBF Release IE

TBF Release information element

< TBF Release IE > ::=

    < RELEASE_TIMER: bit (3) >

    < MONITORING_TIMESLOT_NUMBER : bit (3) >;

TBF Release information element details

RELEASE TIMER (3 bit field)
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

MONITORING_TIMESLOT_NUMBER (3 bit field)

This field indicates the timeslot which is monitored by the mobile station in timer TBF release mode. This field is coded as the binary representation of the timeslot number as defined in 3GPP TS 05.10.

5.4 New Timers

5.4.1 Mobile side

T3210
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

T3212
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

T3214
When initiating Packet Uplink Activity Notification procedure.
When receiving PACKET UPLINK ASSIGNMENT or the PACKET ACCESS REJECT message.
Abnormal release without retry


2 sec



5.4.2 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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