3GPP TSG GERAN#41
Tdoc G2-090266
Valetta, MALTA
Agenda Items 7.2.5.3.2
16 - 20 February 2009
Sources: Nokia Corporation, Nokia Siemens Networks

Dynamic Timeslot Reduction
1. Introduction

Delayed release of downlink TBF and extended uplink TBF mode may be used to maintain downlink and uplink TBFs operating during the temporary inactive periods. Both features are widely used in the current systems. The goal of maintaining the TBF during the temporary period of inactivity is to avoid frequent TBF release and establishment procedures which would otherwise increase the signaling load in the system. The delays caused by TBF release and establishment can also introduce unnecessary latency at the upper layers for subsequent data transfer. On the other hand, extended use of delayed release of downlink TBF and extended uplink TBF mode has negative impacts on the power consumption and battery life, as has already been discussed in GERAN. This document discusses the problem and possible solutions to reduce power consumption when the above mentioned features are used.

2. Problem description

The 3GPP standard recommends that delayed release of downlink TBF and extended uplink TBF mode should be used wisely. Extensive delay of a downlink TBF release might impact badly on the mobile station power consumption and should be avoided. This means that inactivity periods should not be longer than necessary to keep the overall performance of GPRS services. Inactivity periods longer than 5 s should not be used ‎[1]. It should be noted that with the introduction of dual-carrier in the downlink, this problem is worsened. Similarly, extensive delay of an uplink TBF release whilst the mobile station does not send any RLC information might impact badly on the mobile station power consumption and should be avoided. Inactivity periods should not be longer than necessary to keep the overall performance of GPRS services. Inactivity periods longer than 5 s should not be allowed ‎[1].

Assuming the mobile station is allowed not to transmit upon the reception of valid USF value (indicated by EXT_UTBF_NODATA parameter), the mobile station power consumption largely depends on the number of downlink timeslots the mobile station has to monitor for new data and USF.  
3. solution

The mobile station power consumption could be reduced and the ongoing TBFs could be maintained for longer periods if the number of timeslot the mobile station needs to monitor during inactivity periods can be dynamically reduced. For example, user’s request for new pages during web browsing may exceed the recommended 5 s period. In that case, it could be beneficial to maintain the TBF longer and avoid TBF release and establishment before a new request is transmitted to the network.
A solution which would allow to reduce the number of timeslots the mobile station needs to monitor, and thus to reduce the power consumption, should also provide a possibility of fast resumption to the normal operation, i.e. reception on all assigned timeslots. Solution for downlink and uplink requires different approaches, and are discussed in the following sections. It is assumed that in both cases the network makes the decision when and whether the number of timeslots the mobile station has to monitor may be reduced.
3.1 Downlink

When the network exhausts its supply of downlink data and decides to utilize the possibility to delay the release of the downlink TBF, no notification is sent to the mobile station
. Therefore, the mobile station continues to monitor all assigned timeslots normally until the downlink TBF is released or reconfigured. 

The proposed solution requires the network to signal to the mobile station that the monitoring of downlink timeslots can be reduced. To this end, when no data are available for transmission at the network side, it can inform the mobile station no transmission will be made to that mobile station on indicated timeslots until further notification. There are several options how to signal this information to the mobile station

A) RLC/MAC control message

B) RLC/MAC header of RLC/MAC block for data transfer

C) RLC data block (i.e. payload) included in RLC/MAC block for data transfer

In option A, the transmission of RLC/MAC control message would result in unnecessary signaling load and a new RLC/MAC control message would be probably needed along with a two-way handshake. Option B is not currently feasible because of the lack of spare bits in the RLC/MAC header. Option C seems to be the most optimal, and is discussed further in this section. This option does not require any additional transmission over the air interface in most cases. It is assumed that the resumption mechanism is the same for all the options and the resumption delay is one TTI.

3.1.1 Signalling Timeslot Reduction in RLC Data Block

It is proposed that the network appends the information about the timeslot reduction after the last LLC PDU currently transmitted on the ongoing downlink TBF. It should be noted that the information about the timeslot reduction is also appended to RLC data block conveying a LLC UI Dummy command (see TS 44.064)  if the network decides to keep the downlink TBF alive and apply the timeslot reduction. The timeslot reduction is signalled as a bitmap “timeslot reduction bitmap”. The timeslot reduction bitmap is either a 16-bit bitmap or an 8-bit bitmap depending on whether downlink dual carrier is used or not, respectively. The presence of the timeslot reduction bitmap is indicated by a reserved Length Indicator value. The reserved Length Indicator values are 75 to 126. The following figures give examples of RLC data blocks including the timeslot reduction bitmap.
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Figure 1 – Single timeslot reduction bitmap with filling octets
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Figure 2 – Two timeslot reduction bitmaps with filling octets used for dual carrier
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Figure 3 – Single timeslot reduction bitmap with no filling octets

3.1.2 Switching to Reduced Timeslot Configuration (Power Saving mode)

It is proposed that the mobile station starts monitoring the indicated reduced number of timeslots when the received state variable V(Q) is equal to the BSN of the RLC data block containing the timeslot reduction bitmap and no RLC data blocks with higher BSN were received (i.e. V(Q) = V(R)).

It should be noted that in RLC acknowledged mode, the mobile station behavior is deterministic in the sense that the RLC data block is always received (unless the TBF is released). In case of RLC non-persistent mode, the RLC data block may be discarded before it is correctly received by the mobile station due to the NPM transfer time expiry. However, the network can control the timeslot reduction by transmitting RLC data block containing a LLC UI Dummy command including the timeslot reduction bitmap. Please note that the network may select more robust modulation and coding scheme to ensure the reception of the block by the mobile station.

3.1.3 Resumption to Assigned Timeslot Reception

The mobile station shall resume the reception on all assigned timeslots upon the reception of RLC/MAC header including BSN higher than the BSN of the last RLC data block which triggered the mobile station to switch to the reduced timeslot configuration. It is assumed that no explicit acknowledgment is transmitted to the network when the mobile station resume from the reduced timeslot configuration. The network may use more robust MCS to ensure at least the RLC/MAC header is received by the mobile station. If it is felt unnecessary under certain radio condition, the network may poll the mobile station for the PACKET DOWNLINK ACK/NACK message in order to receive the acknowledgment the mobile station resumed from the reduced timeslot configuration. However, the network may transmit data on all assigned timeslot in the TTI immediately following the TTI when the RLC data block causing the resumption was transmitted.
3.2 Uplink

The mobile station provides the network with information about the amount of data which has not been transmitted on given uplink TBF through the countdown value. As mentioned in §‎2, it is assumed that the mobile station is not required to transmit upon the reception of a valid USF value. The countdown value ‘0’ and no transmission in a scheduled radio block on an assigned timeslot indicate that the mobile station exhausted its supply of uplink data. The network may signal to the mobile station that it intends is to reduce the scheduling of uplink resources for a given TBF which may also include the reduced number of timeslot on which the network is going to transmit USF for this TBF.

It is assumed that during the temporary period of inactivity the network reduces the frequency of USF to such value that it is sufficient for the mobile station to monitor just one of the assigned timeslots (or a PDCH-pair in case of RTTI).

3.2.1 Signalling Timeslot Reduction in the PACKET UPLINK ACK/NACK Message

The signalling of timeslot reduction is included in the PACKET UPLINK ACK/NACK message as a release extension. The timeslot reduction always includes reduction on the single carrier. In case of dual carrier, the network may also include the timeslot reduction for second carrier. If the timeslot reduction on the second carrier is not included then the mobile station shall not monitor the second carrier for the USF values until it resumes to the normal mode of operation. This coding requires the carrier 1 and carrier 2 timeslot reduction bitmaps to be included in the message if the network wants to reduce the timeslot monitoring to only carrier 2. Other coding could be considered when both timeslot reduction bitmaps are optional elements, however, such coding would require one more bit in case of single carrier configuration.

Table 1: PACKET UPLINK ACK/NACK

	< Packet Uplink Ack/Nack message content > ::=


< PAGE MODE : bit (2) >


{
00 < UPLINK_TFI : bit (5) >



{ 0
-- Message escape



{
< CHANNEL_CODING_COMMAND : bit (2) >





< Ack/Nack Description : < Ack/Nack Description IE > >





{ 0 | 1
< CONTENTION_RESOLUTION_TLLI : bit (32) > }





{ 0 | 1
< Packet Timing Advance : < Packet Timing Advance IE > > }





{ 0 | 1
< Power Control Parameters : < Power Control Parameters IE > > }





{ 0 | 1
< Extension Bits : Extension Bits IE > }



-- sub-clause 12.26




0


-- The value '1' was allocated in an earlier version of the protocol and shall not be used.





{
null | 0 bit** = < no string >
-- Receiver backward compatible with earlier version






| 1





-- Additions for R99





{ 0 | 1 <Packet Extended Timing Advance : bit (2) >}






< TBF_EST : bit (1)>






{
null | 0 bit** = <no string>
-- Receiver backward compatible with earlier version







| 1






-- Additions for Rel-5







{ 0 | 1 < CONTENTION_RESOLUTION Identifier extension : bit (4) > }






{ 0 | 1 < RB Id : bit (5) > }






< padding bits > 






} 





}





! < Non-distribution part error : bit (*) = < no string > > 




}

	

| 1










-- Message escape bit used to define EGPRS message contents




{ 00 





{
< EGPRS Channel Coding Command : < EGPRS Modulation and Coding Scheme IE >>






< RESEGMENT : bit (1) >






< PRE_EMPTIVE_TRANSMISSION : bit (1) >






< PRR RETRANSMISSION REQUEST : bit (1) >






< ARAC RETRANSMISSION REQUEST : bit (1) >






{ 0 | 1
< CONTENTION_RESOLUTION_TLLI : bit (32) > }






< TBF_EST : bit (1) >






{ 0 | 1
< Packet Timing Advance : < Packet Timing Advance IE > > }






{ 0 | 1
< Packet Extended Timing Advance : bit (2) > }






{ 0 | 1
< Power Control Parameters : < Power Control Parameters IE > > }






{ 0 | 1
< Extension Bits : Extension Bits IE > }



-- sub-clause 12.26





{
< EGPRS Ack/Nack Description : < EGPRS Ack/Nack Description IE > >







0

-- The value '1' was allocated in an earlier version of the protocol and shall not be used.






} // 






{
null | 0 bit** = <no string>
-- Receiver backward compatible with earlier version







| 1






-- Additions for Rel-5







{ 0 | 1 < CONTENTION_RESOLUTION Identifier extension : bit (4) > } 







{ 0 | 1 < RB Id : bit (5) > }






{ 
null | 0 bit** = < no string >

-- Receiver backward compatible with earlier version







| 1








{ 0 | 1









< TIMESLOT_REDUCTION_C1 : bit (8) >









{ 0 | 1 < TIMESLOT_REDUCTION_C2 : bit (8) > } }






< padding bits > } }





! < Non-distribution part error : bit (*) = <no string> > }





! < Message escape : { 01 | 10 | 11 } bit (*) = <no string> > } } 
-- Extended for future changes


! < Address information part error : bit (*) = <no string> > }


! < Distribution part error : bit (*) = <no string> > ;




3.2.2 Switching to Reduced Timeslot Configuration (Power Saving Mode)

The mobile station should apply the reduced timeslot configuration upon the reception of the PACKET UPLINK ACK/NACK message containing the information about the timeslot reduction.
3.2.3 Resumption to Assigned Timeslot Reception

The mobile station shall resume the monitoring of all assigned timeslots when it transmits new data on the assigned TBF. The transmission of new data shall trigger the network to resume more frequent USF scheduling on the all assigned timeslots.
4. Conclusions

Delayed release of downlink TBF and extended uplink TBF mode suffer from the problem of increased power consumption during inactivity period. This paper outlines a possible solution to this problem. The solution is based on dynamic timeslot reduction in uplink and downlink during temporary inactive periods. It should be obvious that the power savings depend on the multislot allocation, and the highest gains are expected for high multislot classes and dual carrier configurations.
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