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1. Introduction

It is widely recognised that the concept of delayed TBF release can have a dramatic effect upon higher protocol layer performance (such as TCP and HTTP) by reducing delays and increasing throughput as illustrated in [4].  It has also been shown that a significant reduction in signalling load, especially on the PCCCH, can be achieved for many user applications such as e-mail.  It is therefore important that this mechanism is included in Release 4 in such a way that it can provide benefits to as many mobiles and applications as possible.  

This paper analyses some of the outstanding issues associated with the concept of delayed TBF release and proposes some solutions.  It draws on the proposals already made in contributions to the 3GPP TSG GERAN meeting held in Boston in January and together with some additional proposals, suggests a way forward.  

The following sections take each of the major requirements in turn (delayed uplink TBF release, delayed downlink TBF release and uplink activity notification) and analyses how the current proposals meet the requirement and provides some recommendations on a solution.  

Delayed Uplink TBF Release

1.1. Existing proposals

Two approaches to the delayed uplink TBF release have so far been proposed ([1] and [2]).  In scheme 1 [1] both sides of the TBF (the network and the mobile) start delayed TBF release timers.  The MS starts this timer (T3206) when it receives the PACKET UPLINK ACK/NACK message with FAI set to ‘1’ and a valid RRBP.  The MS responds with a PACKET CONTROL ACK message which when received by the network triggers the network side timer (T3197).  Upon expiry of these timers the network/mobile releases resources.  

The mobile indicates that it is Timer based TBF capable in an MS Radio Access Capability IE of a PACKET RESOURCE REQUEST message.  The mobile is told the value of the timeout T3206 to use in the TBF release IE of a PACKET UPLINK ASSIGNMENT message.  This mechanism is shown in Figure 1 alongside that proposed in [2] which is labelled as scheme 2.  
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Figure 1 – Comparison of Delayed Uplink TBF Release Mechanisms

In [2], another scheme is proposed that is backwards compatible with R97 mobiles.  This scheme involves the network implementing the delayed release timer by delaying the sending of the PACKET UPLINK ACK/NACK message.  However, whilst the TBF is being delayed it is necessary for the network to periodically send PACKET UPLINK ACK/NACK messages with FAI=0 in order to keep the TBF alive.  

Also described in [2] is a non-backwards compatible mechanism called the “extendable delayed uplink TBF release mechanism”.  In this concept the mobile is told by the network that the TBF will be delayed in one of the resource assignment messages.  The mobile sends data as per normal with the countdown procedures.  If the mobile receives more data after having sent the last block with CV=0, it sends a data block with a new BSN.  The network knows that a new LLC frame is being sent and provides resources appropriately.  

This procedure may cause problems in the network as the last RLC data block sent may already contain filler octets which could result in re-assembly problems in the network if the TBF is extended.  

1.2. Comparison

In the mechanism detailed in [3] the MS is required to signal its capability to the network.  As stated in [3] “The support of Timer based TBF release shall be indicated in the MS Radio Access Capability IE of the PACKET RESOURCE REQUEST message”.  This requires a two-phase access.  If the network decides whether or not to apply a delayed TBF release and the timer is in the network, there is no need for the MS to indicate its support for timer based release and both one and two phase accesses can be supported.  

It seems to be a better option to allow the network to implement the timer (as in [2]) rather than the MS (as in [1]) for the following reasons.  

· It allows a backwards compatibility for uplink TBFs 

· It allows one phase access

· It saves one extra timer in the MS

· It saves having to signal the timeout value (currently with coarse granularity of 0.5 / 1 second) to the MS

The disadvantages are:

· The network has to keep the TBF alive by sending periodic Packet Uplink Ack/Nack messages

· No new data can be sent after the countdown has been completed (CV=0)

It is therefore proposed that Scheme 2 is adopted for the delayed uplink TBF release.  However, this does have the disadvantage of the mobile not being able to resume data transfer in the delayed state.  If possible a Rel-4 specific mechanism should also be introduced, provided that it has minimum impact on the existing network functionality, to allow this feature.  

2. Delayed Downlink TBF Release

2.1. Existing proposals

In the downlink direction, scheme 1 utilises both a network based and a mobile based timer.  The mobile side timer is started when the last RLC data block (FBI=1) is received and all other data blocks have been received correctly.  The mobile responds by sending a PACKET DOWNLINK ACK/NACK message with FAI=1.  When the network receives this message it starts its own delayed TBF release timer.  This mechanism is shown in Figure 2 alongside that proposed in [2] and labelled as scheme 2.  

In scheme 2, a single network based timer is used to delay the sending of the final RLC data block with FBI=1.  When the network sends the last RLC data block it sets FBI=0 and the mobile responds with a PACKET DOWNLINK ACK/NACK message with FAI=0.  When the network receives this message, a timer is started.  Upon expiry of the timer, the network resends the last data block of the most recent LLC frame with FBI=1 and the mobile responds with a PACKET DOWNLINK ACK/NACK message with FAI=1.  This procedure terminates the TBF.  

Scheme 2 also requires the network to periodically send valid RLC data blocks (containing an invalid LLC frame) in order to satisfy the mobile timer T3190 and thus keep the TBF alive.  This “polling” process also gives the mobile opportunities to establish an uplink TBF via PACCH if required and may also be needed to satisfy power control mode A.  
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Figure 2 - Comparison of Delayed Downlink TBF Release Mechanisms

2.2. Comparison

Scheme 1 is relatively simple but does not allow any backwards compatibility as there is a new timer and new behaviour in the mobile.  Scheme 1 may also have problems with the network no knowing the current state of the TBF as seen by the mobile.  Scheme 2 is backwards compatible with R97 mobiles and only requires one timer in the network related to the delayed TBF release.  However, scheme 2 does need a number of changes in the network behaviour.

· Sending the last RLC block with FBI=0 (with suitable padding)

· Storing the last RLC block of the TBF

· Transmitting periodic RLC blocks with deliberately corrupt LLC frames

· Sending the stored final RLC block after expiry of the downlink delayed TBF release timer

The use of deliberately corrupt LLC frames does not provide a clean solution and may have implications on future protocol layers that could be transported on top of RLC/MAC.  There is also an inefficiency associated with sending dummy RLC data blocks on the downlink as it wastes radio resources.  This feature is not acceptable for a Rel-4 (or above) mechanism.  

Scheme 2 is more complicated and does not provide a clean solution to the delayed uplink TBF release problem but it is the only scheme presented so far that is backwards compatible and thus should be standardised to provide additional performance to pre-Rel-4 mobiles.  

3. Uplink activity Detection

In the uplink direction, when the TBF is in the delayed mode (it has sent all of its data) and a delayed uplink TBF release timer is running (either in the network or in the MS), new data may become available.  In this case the mobile must have some method to notify the network that it has some activity and would like to be scheduled.  

There are fundamentally two choices to solving this problem; a random access channel or network-based polling.  

3.1. Existing Proposals

In [1], this function is performed by PACKET UPLINK ACTIVITY NOTIFICATION messages that are sent on a shared random access channel (shared by all uplink TBFs that are in the delayed state).  These messages are in the form of a single access burst placed randomly on one of the four bursts of an allocated radio block on the USF=POLLING channel.  

This mechanism requires extra functionality and message types.  In the proposed mechanism, there is no retry if a collision is detected although collision will be quite unlikely.  Instead the attempt is aborted and a TBF establishment by more conventional means is attempted.  This is a non-deterministic method although provides a more efficient use of uplink resources.  It also takes up one USF leaving only 7 (or 6 if USF=Free is being used) for uplink user data.  

In [2], there is no mechanism to allow further data to be sent on the uplink after the countdown has ended (CV=0) for the backwards compatible proposal.  For the “extendable delayed uplink TBF release” scheme, a polling mechanism is proposed.  The mobile is notified that the TBF will be delayed via an “uplink release type” in one of the signalling messages from the network as described in [2]. 

Once in the TBF release delayed state, and after having acknowledged all of its transmitted blocks, the mobile will continue to transmit in allocated blocks.  The network must provide occasional opportunities for the mobile to send data on the uplink (by scheduling the mobile’s USF).  If the mobile has no new data it is proposed that Uplink Dummy Control Blocks or Packet Resource Requests are sent.  If new data arrives from the higher layers, the TBF can be resumed using a new BSN.  This will become a trigger to the network to allocate resources for more uplink data.  

3.2. Discussion

The polling approach described in [2] as the “extendable delayed uplink TBF release” is a simpler method with less impact on the existing standards in terms of extra procedures and messages.  Although such a mechanism is not as efficient as the random access scheme proposed in [1], as it requires delayed TBFs to send complete radio blocks often containing dummy data blocks, it is deterministic and straightforward.  In any case this degree of efficiency on the uplink is not seen as the most critical feature.  

With the polling mechanism the network will be able to schedule uplink allocations for delayed TBFs as often as required for each TBF individually.  With the shared USF random access scheme proposed in [1], uplink activity notification opportunities have to be scheduled as frequently as the most demanding TBF.  The Packet Uplink notification scheme also requires the support for an 11-bit access burst (in order to include the Global_TFI and the notification bit) which is limiting.  

However, it is seen as extremely desirable to provide as much of the delayed uplink TBF release functionality as possible to pre-Rel-4 mobiles (R97 and later) and thus it is proposed that two procedures are standardised.  

For Rel-4 mobiles, a scheme based on the best features of both [1] and [2] should be standardised provided it is not too complex.  For legacy mobiles that are at least R97 compliant, the backwards compatible schemes presented in [2] should be used.  The network should at least be able to distinguish between these two modes based on whether the mobile signals its capability in the MS Radio Access Capability IE of the PACKET RESOURCE REQUEST message (Rel-4) or not (pre-Rel-4).  
4. Conclusions

The implementation of a delayed TBF release scheme is seen as a significant performance enhancement to GPRS data services.  It is therefore proposed that the chosen mechanisms for this feature allow as much benefit as possible for legacy mobiles.  The recommendations from this paper are summarised below.  

In the uplink and downlink, the backwards compatible network based timer schemes described in [2] should be put forward for pre-Rel-4 mobiles.  

If possible, and if it does not require too much extra complexity, a better solution should also be provided for Rel-4 mobiles taking into account the following points.  

· The uplink delayed TBF release timer should be network controlled to allow finer granularity of timeout and to avoid unnecessary signalling and mobile functionality.  

· The choice of timer value, whether or not to apply the delayed TBF procedure and the polling interval should be implementation dependent.  

· The network should be able to release a TBF (both uplink and downlink) in the delayed state

· Polling should only be used where necessary (e.g. to satisfy power control) to reduce unnecessary network traffic load 

· Uplink activity detection should be obtained via polling on a per-mobile basis (no shared random access channel).  
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