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Dynamic Timeslot Reduction
1. Introduction

The concept of dynamic timeslot reduction (DTR) was proposed at the GERAN#42 meeting   
 
 
 
 
 
[1]. It aims at reducing power consumption during inactivity periods in extended uplink TBF mode, delayed downlink TBF release. The power saving is achieved by reducing the number of timeslots the mobile station monitors during the inactivity periods. The DTR concept in downlink (resp. uplink) proposes to include the timeslot reduction information in downlink data blocks (resp. PACKET UPLINK ACK/NACK messages) and thus minimizes the signaling overhead.
This contribution quantifies the benefits brought by DTR in particular with respect to existing mechanisms.
2. Concept description
2.1 Dynamic Timeslot Reduction Application
An application of dynamic timeslot reduction is shown on Figure 1. 
1. The BSS orders DTR after it transmitted or retransmitted all RLC data blocks. The DTR command is conveyed to the MS within downlink EGPRS RLC/MAC block(s) for data transfer. The BSS also polls for the EGPRS PACKET DOWNLINK ACK/NACK message within the same RLC/MAC block. 
2. Upon the reception of all RLC data blocks, i.e. V(R) = V(Q), and the DTR command the MS switches to the DTR mode in 9 TDMA frames.
NOTE: When in DTR mode (downlink), the transmission of the PACKET DOWNLINK ACK/NACK message does not cause resumption to normal operation. The MS (resp.  BSS) resumes to normal operation only and immediately upon receiving (resp. transmitting) an EGPRS RLC/MAC block for data transfer which no longer includes the DTR command. In uplink, resumption to normal operation occurs when the MS transmits new data on the uplink TBF. This is depicted on Figure 2.
It should be noted that RRBP behavior is unaffected by DTR. Thus any response to a poll (e.g. PACKET DOWNLINK ACK/NACK message) received prior to entering DTR mode may be sent on a timeslot which does not belong to the reduced timeslot configuration, but which however belongs to the assigned timeslots. 

3. The TCP layer generates a TCP ACK typically within 200 ms after the last TCP segment was received. When the TCP ACK is generated, the RLC layer in the MS receives a request for transmission of a new LLC PDU. This causes the MS to resume to normal operation without any delay. Upon the reception of USF, the MS transmits the RLC data conveying the TCP ACK and leaves DTR mode (the IP packet including TCP ACK is 40 octets long). 
4. The reception of the RLC data by the BSS triggers the BSS to resume to USF scheduling on all assigned timeslots. However in the example shown on Figure 1, the BSS decides to order DTR immediately again because all RLC data blocks are received correctly in one RLC/MAC block for data transfer. 
5. The BSS commands (PACKET UPLINK ACK/NACK) the MS to switch back to DTR mode after it has correctly received all RLC data from the MS and the MS indicated that there were no new data for transmission, i.e. CV=0. 
6. The MS switches to the DTR mode within 9 TDMA frames after the reception of the PACKET UPLINK ACK/NACK message including the DTR command.
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Figure 1 - DTR application
The mobile station and the network resume to the normal mode when new data are transmitted as was already mentioned above. The resumption to the normal mode is shown on Figure 2
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Figure 2 - From DTR to the normal mode
2.2 DTR Emulation with Resource Reconfiguration
It has been commented during the GERAN#41 meeting that a similar functionality as proposed by DTR could be achieved using explicit handshake signaling to reassign/reconfigure resources (i.e. PACKET UPLINK ASSIGNMENT, PACKET DOWNLINK ASSIGNMENT, PACKET TIMESLOT RECONFIGURE). While explicit signaling can of course be used to modify an assignment, it has the following drawbacks:
· Increase of the load on PACCH due to explicit signalling; and
· Handshake and associated delays for modifying the assignment downwards (reducing the number of timeslots) and re-modifying the assignment upwards (resuming to normal operation prior to the timeslot reduction)
· Potential inability to resume to normal operation due to unavailability of new resources after resources were released
While DTR piggy-backs signaling information within RLC data blocks, and resumption to normal operation is directly triggered by transmission/reception of new data blocks, switching between normal mode and DTR mode is seamless and does not require any change of the assigned resources as can be seen from Figure 1 and Figure 2. 
With explicit signaling, however this is not the case. As illustrated on Figure 3, the BSS cannot send the PACKET TIMESLOT RECONFIGURE message before all RLC data blocks are correctly received. In the example, the transition to the reduced configuration is delayed in comparison to the DTR case by at minimum: the polling period plus the BSS reaction time plus four TTIs (transmission time of RLC/MAC control messages on Um and Abis).
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Figure 3 - PTR for power saving
Additional delay also occurs when the BSS wants the MS to resume from the reduced configuration. In both DTR and explicit signaling scenarios, the trigger to resume to normal operation in uplink is the uplink data reception with CV greater than 0. In DTR scenario, the MS is ready for reception on all assigned downlink timeslots in the normal mode without any additional delay or one RTTI block delay as discussed in sub-clause 2.1. When explicit signaling is used, the TBF must be explicitly reconfigured on new resources (which potentially include a starting time). Explicit signaling increases the control channel load and introduces further delays as shown on Figure 4. If the assignment includes a starting time (which is likely given the TBF resource assignment is increased and those additional resources may not be readily available) even larger delays are introduced.
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Figure 4 - Resumption from power saving using PTR
3. Gains and Benefits Evaluation
The gains evaluation is based on the assumption that the MS is assigned 4+2 timeslot. The reduced timeslot configuration used in the DTR mode is 1+1 timeslot. The reduction of timeslot from two to one in the uplink direction does not affect the power saving gains calculation because it is assumed the mobile station does not need to transmit LLC dummy blocks when USF is detected (EXT_UTBF_NODATA is set to ‘1’). The reduction to one timeslot in the downlink allows to reduce the power consumption by 75% during the inactivity period.

The gain can be exploited in different ways:

· One possibility is not to extend the recommended time periods for which the uplink and downlink TBF should be kept active, resulting in significant battery savings during the inactivity period. 
· An other possibility is for the network to extend dynamically the duration of the inactivity period and thus avoid unnecessary TBF release after the recommended 5seconds. In the example when 4+2 configuration is reduced to 1+1 in the DTR mode, the network may increase the time period from the recommended 5 s up to 20 s without any TBF release. During that time the mobile station is in packet transfer mode performing measurements and ready to transmit/receive new incoming data. This further amplifies the benefits reached with extended uplink TBF mode, delayed downlink TBF release, by not only further reducing the load on the common channels, but also by providing a faster response to data transmission request. 
· Combine the two possibilities above to decrease power consumption while amplifying the benefits reached with extended uplink TBF mode, delayed TBF release
Furthermore, unlike explicit signalling, DTR has the following benefits:

· DTR does not change the TBF radio resource assignment back and forth: by keeping the resource assignment unchanged it guarantees the assigned resources are ready to be used, and kept consistent for the duration of the TBF. 

· DTR does not increase the signaling load on PACCH and thus leaves more resources for actual data transfer. It ensures that any explicit signaling handshake and associated delays
 are avoided and thereby guarantees that the benefits above are reached with optimum radio resource usage and efficiency, and importantly with minimal complexity.

4. Conclusions

This contribution evaluates the benefits brought by DTR and the advantages it yields against explicit signaling.

With minimal complexity, DTR allows a significant reduction (between 50% and ~85%) of the MS power consumption during inactivity periods of a TBF whilst at the same time amplifying the benefits reached with extended uplink TBF mode and delayed TBF release on data transfer and common channel load. By avoiding any additional signaling handshake on PACCH it ensures not only that radio resources are used in an optimum way but also that any associated delay slowing down data transfer is simply avoided. 
On this basis, it is recommended that GERAN2 proceeds with the specification of this mechanism in Rel-9.
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� For example in BTTI configuration with minimum polling delay (N+13) and 10 ms network reaction time, the switching to the reduced configuration occurs at least 135 ms earlier
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