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Implicit TBF release and improved uplink scheduling
1 Introduction

Within the GERANEMDA study item [1] two of the objectives are to improve the radio resource utilization and reduce signaling procedures. When establishing and releasing a TBF transmission of a number of control messages is required, using in some cases transmission resources that otherwise could have been used for user plane transmission, e.g., releasing a TBF operating in a so called “delayed release” mode will require one downlink and one uplink control message. Hence a mobile station with both an active downlink and uplink TBF will require transmission of 2 control messages in the downlink and 2 control messages in the uplink. Further, when operating an uplink TBF in delayed release mode it requires to periodically schedule uplink transmissions to ensure timer T3180 does not expire in the mobile station although it is unknown whether the mobile station has any uplink data to transmit or not.
Table 1, Legacy messages used when releasing a TBF in

delayed release for downlink and uplink, respectively.
	
	Delayed DL TBF
	Extended UL TBF

	Network
	Dummy LLC PDU (FBI=1)
	44.060 PACKET UPLINK ACK/NACK (FAI=1)

	Mobile station
	44.060 PACKET DOWNLINK ACK/NACK (FAI=1)
	44.060 PACKET CONTROL ACKNOWLEDGEMENT


2 Proposal
Now, in order to improve the radio resource utilization by reducing the signaling overhead it is proposed to introduce a timer based delayed release TBF procedure, for the downlink and uplink, respectively called in this paper “implicit TBF release”.  It is further proposed to introduce a feedback channel to allow the mobile station to indicate to the network when it is has data to send. Similar feedback channel was discussed earlier in the context of the support for VoIP over EDGE (see ref[2]).
2.1 Implicit TBF release procedure
The implicit TBF release procedure is realized by introducing timers both in the mobile station and in the network. Hence for an uplink TBF there is both a mobile station uplink TBF timer and a corresponding network uplink TBF timer. The same is proposed for the downlink TBF. If the operational conditions result in a TBF timer expiring, the corresponding TBF is implicitly released without the exchange of (legacy) control messages.
Upon establishing a TBF the values of the new TBF release timers (uplink and downlink TBF release) are provided in the TBF assignment messages sent from the network to the mobile station (e.g. sent on the AGCH or on the PACCH). The following paragraphs specify the corresponding downlink and uplink implicit TBF release procedures in detail.
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Figure 1 – Different signaling cases for implicit TBF release
Downlink implicit TBF release procedure
The downlink transmission occurs as per the existing procedure with the following amendment. Every time the network receives a Packet Downlink Ack/Nack (PDAN) indicating all RLC Data blocks have been received and there are no new RLC Data blocks available for downlink transfer, it starts its downlink implicit TBF release timer, and every time the mobile station sends the corresponding PDAN acknowledging all RLC Data blocks up to and including the RLC Data block which had the highest BSN so far and that included the valid RRBP field, it starts its downlink TBF release timer, see (3) - figure 1. Now both the network and mobile station have entered a so called delayed DL TBF release mode. If the network transmits a new DL data radio block or the mobile station receives a new data radio block during this mode they stop and reset their respective implicit downlink TBF release timers, see (2) – figure 1.

When the implicit downlink TBF release timer on the network side expires the TBF is regarded released from the network perspective, and hence the network proceeds as per existing procedure when a downlink TBF is released (e.g. releasing TFI identifiers etc). When the implicit downlink TBF release timer expires on the mobile station side, the mobile station considers the downlink TBF as released and stops monitoring the assigned PDCHs.

Uplink implicit TBF release procedure

The uplink transmission occurs as per the existing procedure with the following amendment. Every time the mobile station receives a Packet Uplink Ack/Nack (PUAN) indicating all RLC Data blocks have been received in the network it starts its implicit uplink TBF release timer and every time the network sends the corresponding PUAN it starts its implicit uplink TBF release timer see (4) – figure 1. Now both the network and mobile station have entered a so called extended UL TBF mode. If the mobile station transmits a new UL data radio block and if the network receives a new UL data radio block during this mode they stop and reset their respective implicit uplink TBF release timers, see (5) – figure 1. 

When the network’s implicit uplink TBF timer expires the TBF is considered released from the network perspective, and hence the network proceeds as per existing procedure when an uplink TBF is released (e.g. releasing  TFI and USF identifiers etc). When the mobile station’s implicit uplink TBF timer expires the MS considers the uplink TBF as expired and will stop monitoring the downlink PDCHs corresponding to its assigned uplink PDCHs for the assigned USFs. 
2.2 Improved uplink scheduling
One of the reasons for the low utilization of the uplink resource, where utilization refers to the usage of the resources for transfer of the user plane rather than control plane on the PACCH, is attributed to the fact the mobile stations are scheduled blindly (e.g in a Round-Robbin manner), i.e. irrespective of whether or not they have data to send when they are in extended UL TBF mode (i.e. the previously received CV=0) as the network at this stage is unaware which of the mobile stations has any data ready for transfer. This results in many of the allocated uplink transmission opportunities being unused/wasted. In order to improve the radio resource utilization on the uplink when in extended UL TBF mode it is proposed to introduce feedback mechanisms such that the mobile station can indicate to the network when it has data to send. A similar mechanism is used in E-UTRAN.
If the mobile station gets new data available to send during extended uplink TBF mode it can proceed by the following alternatives (also depicted in figure 2):
(1) If there is an ongoing DL TBF where the network sends downlink data in acknowledged mode (hence requiring the transmission of a PDAN in the uplink) the mobiles station can indicate when it has uplink data to send by including its CV (or some other indicator) in the PDAN on the PACCH.

(2) The mobile station that has no downlink TBF assigned can indicate that it has uplink data to send by sending a data indication single burst radio block on the cell’s RACH, still maintaining its assigned uplink TBF. This radio block uses the same coding rate as an ordinary RACH radio block, with the difference that it consists of the same bit length as an ordinary burst. This is possible due to that once having an UL TBF the mobile station is synchronized to the cell, hence there’s no need to use a shorter RACH-burst.  This allows the mobile station to include an identifier (e.g. the TLLI) in the RACH burst that allows the network to identify the mobile station and then re-start to schedule the mobile station on the uplink (i.e. using the USF currently assigned to the mobile station’s UL TBF). 
(3) There is also a possibility to introduce a ”fast feedback channel”, denoted FBCH, on one of the PDCHs the mobile station’s UL TBF is assigned on. This requires that the network periodically reserves a radio block period on the uplink, either by reserving a USF-value for this purpose (like it was specified for P-RACH) or by letting it occur periodically. There is a need to modify the radio layer (WG1 task) to ensure that the FBCH can operate in an efficient manner. One possible way is introducing a similar technique as used by CDMA systems where multiple mobile stations can transmit simultaneously indicating they have data to transmit and the network can determine which mobile stations transmitted during this radio block period, hence determine which mobile stations have uplink data to transmit.
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Figure 2 – MS data indication alternatives

If the network receives an indication that a mobile station has data ready to transmit it makes this mobile station eligible for uplink scheduling. Once a mobile station is scheduled on the uplink, receives an USF and transmits uplink data it leaves extended UL TBF mode, stops and resets its implicit uplink TBF release timer, see (5) – figure 1. Similarly, the network leaves extended UL TBF mode, stops and resets its implicit uplink TBF release timer upon reception of new uplink data during extended uplink TBF mode, see (5) – figure 1.
3 Evaluations
This discussion paper introduces two concepts for improving the resource utilization.
· The implicit TBF release procedure
· Improved uplink scheduling while in extended UL TBF mode.
The improvements are estimated in two steps where the first step only includes the implicit TBF release procedure and where the second step also includes the benefits from improved uplink scheduling.  
In order to evaluate the possible savings the methodology used by RIM for evaluating the efficiency for uplink TBFs has [3] has been used. The approach has been modified slightly to calculate the amount of improved resource utilization as a function of LLC data size where improvements are calculated by dividing the amount of reduced signaling divided by the total amount signaling. 

3.1 Implicit TBF release procedure 
In Figure 3 and 4, the estimated improvements in resource utilization for the one and two phase access for an uplink TBF as a function of LLC data packet size and channel coding can be seen (neglecting the optional dummy signaling while in extended UL TBF mode).  The signaling sequences used for the evaluation can be found in Appendix A. 
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Fig. 3, Estimated improvements in resource utilization versus LLC data size using MCS-1.
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Fig. 4, Estimated improvements in resource utilization versus LLC data size using MCS-5.
From the figures it is clear that the method introduces considerable improvements especially for smaller packet sizes. In particular, for packet size less than 200 bytes (the dominant contribution for IM type services [1]) the improvement in the above figures ranges from 11 to 39%.
3.2 Improved uplink scheduling
In figure 5, the improvements in resource utilization when also including improved uplink scheduling can be seen for the two phase access (the improvements for the one access  are almost similar as for the two phase access as most of the improvements in this case can be attributed to the part caused by improved uplink scheduling). 
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Fig. 5, Estimated improvements in resource utilization as a function of LLC data size including both implicit TBF release procedure as well as improved uplink scheduling.
The improvements have been calculated assuming a value of the implicit TBF release timer of 2 seconds and with scheduling of uplink transmission opportunities every 240 ms. It has moreover been assumed that the missed/wasted uplink transmission opportunities while in extended UL TBF mode could have carried data with channel coding MCS-1 and MCS-5, respectively. It is clear that considerable improvements in resource utilization can be achieved with the proposals in this discussion paper. More specifically, for packet sizes less than 200 bytes the improvements ranges from 56 to 209 %.
4 Summary

In order to improve the radio resource utilization as well as to reduce the signaling procedures overhead it is proposed to introduce timers on both sides of the communication link and thereby allow for the implicit release of the TBF. When these timers expire the corresponding up and down link TBFs are implicitly released without the exchange of legacy control messages.  With improvements in resource utilization ranging from 11 to 39% for LLC data packages less than 200 bytes it is suggested to standardize the Implicit TBF release procedure as a part of Small Technical Enhancements and Improvements within release 12.
Moreover, to further improve the PDCH efficiency it is further suggested to introduce procedures to improve the uplink scheduling of a mobile station in extended UL TBF mode by allowing such a mobile station to indicate when it has new data ready to send.  This indication can be realized by either by allowing the MS to provide an indication in the PDANs when it has an ongoing downlink TBF or allowing the mobile station to send a scheduling request on either the normal RACH channel or on a PDCH. Evaluations have shown improvements, in resource utilization, ranging from 56 to 209 % for LLC data packages less than 200 bytes. Based on the considerable improvements t is suggested to further pursue this concept by determining the most optimal of the proposed solutions.  
The sourcing companies encourage other companies to provide feedback on the above proposals. 
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6 Appendix A

6.1 Two phase access
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(1) - TBF establishment including communication of TBF release timer values
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(2) – Downlink TBF operation, transmission of new Data radio block during delayed DL TBF release mode
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(3) – Downlink TBF operation, all Data radio blocks Acked and no more to send (enter delayed DL TBF release mode)
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(4) – Uplink TBF operation, all Data radio blocks Acked and no more to send (enter extended UL TBF mode)





PUAN indicating all Data radio blocks Acked
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(5) – Uplink TBF operation, transmission of new Data radio block during extended uplink UL TBF mode
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