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Introduction


The delayed TBF release feature has been suggested in order to provide the following capabilities: 


Fast restart capability for uplink and downlink TBFs without the extra signaling overhead and delay for TBF establishment


Establishment of  TBFs on the PACCH





PCCCH signaling occurs on physical sub-channels where adequate C/I is achieved through sparse reuse. However, PDTCH and PACCH are multiplexed on physical sub-channels that are likely to be deployed using either 1/3 or 1/1 reuse (with partial loading).  When normal TBF release is used, the PCCCH overhead due to TBF establishments may be excessive; therefore, additional PCCCHs may need to be allocated depending on the traffic characteristics. Delayed TBF release reduces PCCCH overhead but may result in greater overhead on the PDTCH and PACCH. The tradeoff between delayed TBF release and normal release depends on the reuse configuration, traffic characteristics and method used for resource allocation during delayed release. 





It is desirable to choose a delayed TBF release scheme that provides fast restart capability with minimal overhead. However, it is also desirable for delayed TBF release to be applicable to a vast majority of mobile stations (i.e., including legacy terminals). 





In what follows, we examine different delayed TBF release proposals and highlight areas where there are benefits. Based on this study, we recommend enhancements to current 04.60 procedures (for Release 4) that either enable delayed TBF release or support efficient operation with delayed TBF release. 


Delayed TBF Release


Downlink 


Delayed TBF release on the downlink allows the mobile station to remain on the assigned PDCH(s) even during periods of inactivity. New data can be transmitted on the downlink without any signaling overhead and delay for TBF establishment. However, the need to satisfy T3190 and power control requirements during delayed release may result in additional overhead on the allocated PDCH(s). 





During delayed downlink TBF release, uplink TBF establishment can be carried out in one of the following ways:


Piggybacking a Channel Request Description IE on to a Packet Downlink Ack Nack message: In this case, the establishment of an uplink TBF requires RRBP polling on the downlink. 


Broadcast polling based on USF_FREE (or other reserved USF value): This approach allows the mobile station to notify the network of uplink activity through contention access. The network can send a Packet Uplink Assignment message on the PACCH in response to an uplink activity notification. Contention opportunities are indicated using the USF_FREE flag. This avoids the need for frequent RRBP polling on the downlink. 


Current Proposals


The following proposals have been presented for delayed downlink TBF release: 


Scheme 1: Timer Based delayed TBF release with broadcast (USF_FREE) polling for uplink TBF establishment [1]


Scheme 2: Delayed TBF release based on RRBP polling (with dummy data during inactive periods) for uplink TBF establishment [2]


Overhead Impact


Note that the schemes proposed for delayed release may not necessarily reduce overhead in comparison to current PCCCH procedures. The establishment of an uplink TBF requires frequent (and most likely, blind) RRBP or USF polling on the downlink in order to ensure acceptable TBF establishment delay. During periods of inactivity, RRBP polling can result in wasted Radio Blocks in both directions. For example, if the mean time between TBF establishments is 1.25 seconds and polling is carried out every 250 ms, then at least 5 Radio Blocks are needed in each direction in order to establish the TBF. This should be compared with PCCCH based access procedures where only 1 or 2 messages are needed in each direction. 





With broadcast polling based on USF_FREE, the signaling overhead on the downlink can be reduced. However, downlink radio blocks still need to be transmitted in order to satisfy timer T3190 and power control requirements. As a result, the downlink overhead may be still be more than PCCCH based assignment procedures. 


Backward Compatibility with Prior Releases


Scheme 1 requires the introduction of new timers for managing delayed release and is not backward compatible with prior releases of the specification. Scheme 2 is backward compatible with prior releases.  However, it can result in excessive overhead for uplink TBF establishment  when frequent polling (i.e., if downlink transmissions are needed more often than just to satisfy T3190 or power control requirements) becomes necessary. Scheme 1 allows broadcast USF_FREE polling that can mitigate this problem. 


Proposed Solution


We propose that Scheme 2 be adopted as a baseline scheme for delayed TBF release on the downlink. For Release 4, however, it is desirable to introduce a broadcast polling (USF_FREE) mechanism in order to reduce downlink overhead when frequent polling becomes necessary.  Therefore, a Packet Uplink Activity Notification message should be introduced as proposed in [1]. The Packet Uplink Activity Notification is sent using existing random access procedures. Contention resolution is not needed since this message uniquely identifies the mobile station. 





Instead of the GLOBAL_TFI IE, we propose that the Packet Uplink Activity Notification message include an Access Request Identifier (ARI) that uniquely identifies the mobile station�. The ARI is assigned by the network when it has knowledge of the MS uplink and downlink capabilities. ARI assignment or release can be carried out using the Packet Downlink Assignment, Packet Uplink Assignment, Packet Uplink Ack/Nack or Packet Timeslot Reconfigure messages. 





The Packet Uplink Activity Notification needs to be limited to 11 bits only if it is transmitted on the PRACH (i.e., it becomes a special case of the Packet Channel request message). Otherwise, PTCCH procedures ensure that the MS remains time aligned and it may be possible to send this message using a normal burst.  This allows the inclusion of a longer ARI and optional fields such as the amount of data backlog that can aid the network in resource allocation. 


Uplink


Current Proposals


The following proposals have been presented for delayed uplink TBF release: 


Scheme 1 (timer based [1]): In this case, broadcast polling is employed for fast restart on the uplink. Contention opportunities are indicated using the USF_FREE (or other reserved value) flag. This allows the mobile station to notify the network of uplink activity through contention access. With dynamic allocation, the network can then start allocating resources to the mobile station using the USF since the USF remains assigned during a delayed uplink TBF release.


Scheme 2 (modified Uplink Ack/Nack message based [2]): In this case, no new timers are used and directed USF polling has been proposed for fast restart on the uplink. When this approach is used in conjunction with delayed TBF release, no messaging is needed for TBF establishment. However, blind USF based polling can result in wasted uplink Radio Blocks. Furthermore, if a single USF is used for more than one uplink TBF and release of one or more of these TBFs is delayed, then USF based polling does not  allow the network to effectively perform admission control on restart. 





Neither scheme is backward compatible. Both schemes require modification of the countdown procedure so that the mobile station can transfer any new data that arrives after the countdown procedure is initiated.  They also require transmission of Packet Uplink Ack/Nack messages in order to satisfy the requirements of timers T3182 and T3184 (in the case of fixed allocation). 


Proposed Solution for Legacy Terminal Support


A backward compatible solution for delayed downlink TBF release has been proposed in [2]. There is no need for a separate backward compatible delayed uplink TBF release solution for legacy mobile stations (R’99 and prior).  For these mobile stations, a normal release of the uplink TBF can be carried out.  If there is an ongoing downlink TBF when the uplink TBF is released, the mobile station remains on the allocated PDCH(s). If there is no ongoing downlink TBF, the network can establish a downlink TBF prior to sending a Packet Uplink Ack/Nack message with the Final Ack indicator set to 1.  If the network has no data to send, it can send dummy data and use RRBP polling for uplink TBF establishment. 





As discussed earlier, this approach may result in excessive downlink overhead on the PDTCH and PACCH.  PCCCH based access procedures are more appropriate than delayed TBF release in that case. 














Conclusions and Recommendations


Tables 1 and 2 summarize the signaling and polling overhead for uplink TBF establishment in different scenarios. 





Scheme used for uplink TBF establishment�
Overhead�
�
�
Polling�
TBF Establishment�
�
RRBP polling�
1 Radio Block in each direction every polling period �
1 message in each direction �
�
USF_FREE polling 


(no ARI)�
1 Radio Block every 360 ms with power control mode A; otherwise every T3190�
2 messages in each direction�
�
USF_FREE polling (assuming use of ARI)�
1 Radio Block every 360 ms with power control mode A; otherwise every T3190�
1 message in each direction�
�
Table 1: Overhead for uplink TBF establishment when downlink TBF release is delayed.





Scheme used for uplink TBF establishment�
Overhead�
�
�
Polling�
TBF Establishment�
�
RRBP polling on dummy downlink TBF �
1 Radio Block in each direction every polling period �
1 message in each direction for dummy downlink TBF establishment; 1 message in each direction for uplink TBF establishment�
�
USF Polling with delayed release�
None�
No overhead for restart; 1 message in each direction for TBF establishment�
�
One Phase Access�
N/A�
1 message in each direction�
�
Two Phase Access�
N/A�
2 messages in each direction�
�
Table 2: Overhead for uplink TBF establishment when there is no downlink TBF in progress.





We propose that the following be adopted for Release 4:


Baseline Solution: The delayed downlink TBF release solution proposed in [2] is compatible with legacy terminals and should be assumed as a baseline working assumption. A timer based solution does not appear to have any advantages over this approach. 


Packet Uplink Activity Notification: A Packet Uplink Activity Notification message should be introduced in order to reduce the overhead incurred by RRBP polling. This message is sent in a single uplink burst allocated using USF_FREE, and includes an ARI that uniquely identifies the mobile station. 


Modified Countdown Procedure: The countdown procedure should be changed to allow the transfer of new data by the mobile station after the countdown is initiated. 
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� It is possible to extend the scope of the ARI to uniquely identify the mobile station and radio bearer in a future release of the specification. 
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