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Title: On Maintaining TBFs During Periods of Inactivity 
1 Introduction

For applications that generate short frequent bursts of data, it has been suggested that the signaling overhead and delay for TBF setup can be avoided by modifying R’99 procedures to allow TBFs to be maintained during periods of inactivity [1]. 

In the following, the potential benefits of adding this feature to GERAN R4 are investigated.  
2 R’99 TBF Release Procedures

2.1 Downlink TBF Release

The network initiates release of a downlink TBF by sending an RLC block with the Final Block Indicator (FBI) set to 1. Subsequently, at the mobile station, a timer (T3192) is started after sending a Packet Downlink Ack/Nack message with the Final Ack Indicator set to 1 (i.e., indicating acknowledgment all RLC blocks). The TBF is released upon expiration of the timer.

2.2 Uplink TBF release

The release of an uplink TBF is initiated by the mobile station when its backlog falls below a threshold. The countdown procedure is used for releasing an uplink TBF so that the network knows when to stop allocating resources for data transfer. 

After the TBF is released, the mobile station is required to use random access to start an uplink TBF. 

3 Fast TBF Establishment and Restart Capability

It has been proposed that fast TBF establishment and restart capability be provided by allowing TBFs to be maintained on shared physical sub-channel(s) across periods of inactivity [1]. This avoids the signaling overhead needed to re-establish a TBF after an inactive period and data can be immediately transmitted on the allocated Radio Blocks. 

Maintaining TBFs during periods of inactivity also allows additional uplink TBFs to be established in one of the following ways:

· Piggybacking a channel request description on to a Packet Downlink Ack Nack message during a downlink TBF. This case applies when there is no current uplink TBF or if one or more uplink TBFs are already in progress. 

· Transmitting a Packet Resource Request message on a Radio Block allocated via the USF. This case applies only when one or more uplink TBFs are already in progress. 

For restarting downlink or uplink TBFs, it is not necessary to go through the TBF establishment procedure and data can be immediately transmitted. 

The modifications needed to R’99 procedures in order to provide this capability in GERAN R4 are discussed below.

3.1 Modifications Needed to R’99 Procedures

3.1.1 Downlink TBFs

No modifications are needed to R’99 procedures in order to extend the lifetime of a downlink TBF since TBF release is initiated by the network. A TBF can be maintained across inactive periods by always setting FBI=0. The network can send the Packet TBF Release message when it wishes to end the TBF. 

3.1.2 Uplink TBFs

When TBFs are maintained across inactive periods, the network has to periodically poll (i.e., provide resource) the mobile station so that it may establish another TBF or quickly restart the same TBF. The countdown procedure is required even in the case when TBFs are maintained across inactive periods so that the network knows when to stop allocating resources for data transfer and switch to a polling mode (i.e., a reduced allocation). After the countdown procedure has been initiated by the mobile station, the network needs to have the ability to either extend the lifetime of the TBF or command TBF release. This can be carried out in the Packet Uplink Ack Nack message that acknowledges receipt of all RLC blocks. 

For TBFs that are maintained across inactive periods, the network can use the Packet TBF Release message at any time to release the TBF.
3.2 Disadvantages of Holding TBFs

The approach of maintaining TBFs across inactive periods  has the following drawbacks:

· Need for Polling: After the release of an uplink or downlink TBF has been initiated, the allocation of resource to an uplink TBF or the initiation of an uplink TBF can only be carried out by constantly polling the mobile station on the allocated time slot(s). This is wasteful during periods of inactivity

1. Polling during a Downlink TBF: A poll during a downlink TBF can only be carried out by sending a downlink Radio Block. During periods of inactivity, this uses up downlink resource that could have been allocated to other active TBFs.  Furthermore, if there is no uplink data this also results in a wasted uplink Radio Block. 

2. Polling During an Uplink TBF: If an uplink TBF is maintained across inactive periods, then the USF can be used to poll the mobile station. However, this is wasteful since it uses up uplink bandwidth that could be allocated to other active TBFs. If all 8 USFs on a single physical sub-channel are assigned, then each mobile station can be polled once every 160 ms (in the best case). If some of the mobile stations are active, the fraction of resource allocated to polling inactive mobile stations will be much lower. As a result the polling delay is lower bounded by 80 ms on the average and will be much higher in most practical cases. For example, if we assume that only a quarter of the uplink resources are allocated to polling inactive TBFs (i.e., once every 80 ms) and there are 4 inactive TBFs at any given time, then each TBF gets polled once every 320 ms. This implies an average polling delay of 160 ms. 

· USF Blocking: Although up to 32 simultaneous TBFs can be established on a single physical sub-channel, only 8 USF values are available. Therefore, a physical sub-channel can be simultaneously shared only among 8 mobile stations. If uplink TBFs are maintained across periods of inactivity, then USFs are no longer available for assignment to mobile stations that need to establish new TBFs. These mobile stations are then queued or blocked. 

· Resource Allocation: The network needs to have a good estimate of the mobile station backlog for resource allocation. The TBF establishment procedure allows the network to obtain this information. Maintaining TBFs across periods of inactivity limits the ability of the network to manage resources and results in blind polling which is quite inefficient. 

· Need for Explicit TBF Release Signaling: Explicit signaling is needed for TBF release under higher load (i.e., when USFs or TFIs become scarce). TBF release signaling requires additional overhead. It also results in delaying establishment of new TBFs for which there is data to send. 
3.3 ARI Based Fast Access

An Access Request Identifier (ARI) based fast access procedure that indicates the data backlog and implicitly identifies the radio bearer was proposed earlier in order to reduce the signaling overhead and delay for short TBFs [2]. It was shown that 256 ARIs can be made available for establishing open ended TBFs and another set of 64 ARIs can be made available for short TBF setup when the backlog is known. This approach only requires a two way handshake (equivalent to a one phase access) for TBF establishment and does not need contention resolution. 

ARI based fast access can be viewed as an alternative to holding TBFs and does not have the disadvantages listed in Section 3.2. 
4 Conclusions and Recommendations

Table 1 shows the overhead and delay tradeoff between ARI based fast access and maintaining TBFs across inactive periods. Based on Table 1 and the discussion in Section 3, it does not appear there is a significant benefit to maintaining TBFs across periods of inactivity. Therefore, we do not recommend adoption of this feature for GERAN R4.

Cases to be considered
TBF Maintained Across Inactive periods
ARI based fast access


Overhead
Delay
Overhead
Delay

Downlink TBF Restart
None
None
Not applicable

Uplink TBF Restart
None
0.5*Polling Period (best case average 80 ms, typical 160 ms or more)
2 messages; 

Packet Channel request on uplink, 

Packet Uplink Assignment on dowlink
< 80 ms (see [3])

Uplink TBF Setup after countdown (i.e., in uplink polling mode)
2 messages; Packet Resource Request on uplink, Packet Uplink Assignment on downlink
0.5*Polling Period + 40 ms (best case average 120 ms, typical 200 ms or more)



Uplink TBF Setup in downlink polling mode 
3 messages; Radio Block for polling on downlink, Packet Downlink Ack/ Nack message on uplink, Packet Uplink Assignment on downlink
0.5*Polling Period + 40 ms (best case average 120 ms, typical 200 ms or more)



Packet TBF Release 
Required on downlink to end uplink and downlink TBFs maintained across inactive periods
20 ms
Not required in normal cases

Table 1: Overhead and delay tradeoff between ARI based fast access and maintaining TBFs across inactive periods; maintaining downlink TBFs across inactive periods requires no changes to current procedures.
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