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1. Introduction

The mobile station is required to enter non-DRX (non discontinuous reception) mode at the transition from the packet transfer mode or dual transfer mode to the packet idle mode. This is to enable a faster downlink packet data session establishment that would occur shortly after the TBF(s) is (are) released (request / response scenarios, transfers of consecutive IP packets to the mobile station).
However there are situations (e.g. when Extended Uplink TBF or Delayed release of downlink TBF is used) where entering non-DRX mode would not bring further benefit in terms of responsiveness, while this would have detrimental impact on battery life. 

The present document investigates these non-DRX shortcomings, proposes the Optimized DRX mode technique allowing battery savings and quantifies the gains that can be achieved.

2. Background

2.1 DRX / Non-DRX modes on CCCH
Common Control Channels (CCCH) support common procedures required to establish a dedicated link with the network. Typical channels include the RACH (Random Access Procedure), PCH (Paging Channel) and AGCH (Access Grant Channel).

There are several paging sub-channels in the same physical channel carrying the CCCH identified by a given CCCH_GROUP. The MS determines its own paging sub-channel for paging blocks decoding in DRX mode according to the parameter PAGING_GROUP (see [3] 3GPP TS 45.002). This paging sub-channel is defined as a set of multiframes where the MS is required to decode paging messages.

Two parameters determine the PCH decoding periodicity:

· BS_PA_MFRMS for the CCCH logical channels,
· SPLIT_PG_CYCLE (optionally for the CCCH).

BS_PA_MFRMS basically defines the number of 51-multiframes for the PCH periodicity. Its value can take values between 2 and 9.

SPLIT_PG_CYCLE defines the occurrence of paging blocks on the CCCH belonging to the MS in DRX mode.

In order to minimize the power consumption, the MS in (packet) idle mode is not required to always listen to all the PCH logical channel occurrences:
· In DRX mode, the MS shall listen to the blocks corresponding to its paging group (as defined by the PAGING_GROUP value).
· In non-DRX mode the MS shall listen to all blocks on a CCCH channel.
3GPP standard specifies five scenarios when the MS shall enter a non-DRX mode period (see more details in [2] 3GPP TS 44.060 sub-clause 5.5.1.5):

a. At the transition from the packet transfer mode to the packet idle mode, the MS shall enter the Transfer non-DRX mode period.

b. At the transition from the dual transfer mode to the dedicated mode or packet idle mode, the MS shall enter the Transfer non-DRX mode period.

c. A MS operating in NC2 mode shall enter the NC2 non-DRX mode period when it sends an NC measurement report.

d. When initiating the MM procedures for GPRS attach and routeing area update defined in [1], the MS shall enter the MM non-DRX mode period.

e. When MS receives a pre-notification for an MBMS service and MBMS session, the MS shall enter the MBMS non-DRX mode. 

Non-DRX mode enables the MS in Packet Idle mode to remain in full CCCH channel monitoring state and hence enable faster packet data session establishment as compared to going through the lengthy paging based packet data session setup.

2.2 Non-DRX timer and DRX_TIMER_MAX parameters

During the GPRS attach procedure, the MS requests values for the SPLIT_PG_CYCLE and non-DRX timer parameters. Specifically, the non-DRX timer controls the duration of the non-DRX mode period to be applied by the MS when it has left the packet transfer mode or the dual transfer mode and then enters the packet idle mode.
After a TBF release, the MS reverts to the non-DRX mode, in which it must decode all CCCH blocks, independently of its DRX period. This allows a faster downlink TBF establishment in the case the network needs to initiate a new downlink TBF, because it can send the downlink TBF allocation on any CCCH related to the CCCH_GROUP of the MS, and does not have to wait for the MS paging sub-channel in order to send the paging message.

The non-DRX mode period is equal to the minimum of the two following values:

1. DRX_TIMER_MAX, set by the network and given on broadcast channels,
2. Non-DRX timer, set by MS during the GPRS attach procedure.
Entering non-DRX mode has an impact on MS autonomy in idle mode because the MS must continuously decode the downlink CCCH blocks during the non-DRX period. Setting the Non-DRX timer value is therefore a trade-off between autonomy and downlink TBF establishment latency.

3. Optimized DRX mode

A mobile station in (packet) idle mode operates in the discontinuous reception (DRX) mode in order to minimize power consumption while still being able to receive page requests transmitted by the network on its downlink common control channels paging group.

As described above, a mobile station shall enter the Transfer non-DRX mode period when leaving packet transfer mode or dual transfer mode, which allows the network to proceed to a faster downlink TBF assignment.

Extended uplink TBF and Delayed release of downlink TBF enhancements have been introduced in Release 4 to further reduce the latency by keeping a TBF alive in the scenarios where non-DRX mode would have been used otherwise.
However, entering the non-DRX mode was kept mandatory in the case of the release of an extended uplink TBF or of the delayed release of downlink TBF, while the network is terminating the TBF because the conditions for keeping it alive have ceased.
As a result, the expected benefits in terms of responsiveness are not applicable in such situations while there is a detrimental impact on the battery life of the mobile station, which must continuously decode all the CCCH blocks during non-DRX periods.

Note:
The modification of the DRX parameters using the Routing Area Update procedure can only be triggered by the mobile station and is not appropriate for setting the non-DRX period on a per TBF basis.

Proposal:

It is therefore proposed (see CRs in [4] and [5]) that, in such cases where, for example, Extended uplink TBF and / or Delayed release of downlink TBF enhancements are used by the network, a mobile station supporting the "Optimized DRX mode" feature shall immediately enter DRX mode when leaving packet transfer mode or dual transfer mode.
Because the mobile station is not aware of when the network may use Delayed release of downlink TBF, and there can be other circumstances determined by the network where skipping the Non-DRX mode period is beneficial, the solution proposed in [4] and [5] is introducing an independent "optimized DRX mode" indicator by which the network may signal to the mobile station whether it is operating in "optimized DRX mode" or not.
The indication provided by the network is not associated to any given specific TBF, but is globally applicable to the transition from Packet Transfer Mode / Dual Transfer Mode to Packet Idle Mode, and remains valid for as long as the mobile station remains in PTM / DTM unless superseded at a subsequent TBF assignment / reconfiguration.

Note:
Even though a MS capability could be introduced in the MS Radio Access Capability IE, this is not felt necessary because (a) the network would use DRX occurrences even if the MS is in non-DRX mode and (b) the network would use "Optimized DRX mode" only in circumstances where a subsequent expeditious downlink TBF establishment is not likely.
4. Power consumption gains estimates
Using a non optimal non-DRX timer or entering non DRX mode in situations where optimized DRX mode could be used leads to faster battery drain. The gains are estimated by evaluating the amount of energy that will be wasted for keeping the MS in the Non-DRX mode.

In order to do so, the number of additional CCCH blocks that the MS has to decode in comparison with the DRX mode is evaluated, and this additional battery consumption is projected over the following typical user profiles:
· Profile 1: Low Data User

· Average duration of TBF:

60 sec

· Number of TBFs per hour:
3


· Profile 2 : Medium Data User

· Average duration of TBF:

90 sec

· Number of TBFs per hour:
10


· Profile 3: High Data User

· Average duration of TBF:

100 sec

· Number of TBFs per hour:
20
· Profile 4: E-mail User

· Average duration of TBF:

5 sec

· Number of TBFs per hour:
20
The following values are depicting the multiframe configuration selected for the evaluation:

Case A: CCCH combined with SDCCHs / five 51-multiframes paging period:
· NCCCH :



Number of CCCH occasions within one 51-multiframe:

3
· BS_PA_MFRMS:
Paging group repetition period (in 51-multiframes):


5

· TOTCCCH:


Total number of CCCH occasions during paging period:
15

· TIDLE:



Reference duration of one paging period in Idle mode:

1.1769 s

Case B: CCCH not combined with SDCCHs / five 51-multiframes paging period:
· NCCCH :



Number of CCCH occasions within one 51-multiframe:

9

· BS_PA_MFRMS:
Paging group repetition period (in 51-multiframes):


5

· TOTCCCH:


Total number of CCCH occasions during paging period:
45

· TIDLE:



Reference duration of one paging period in Idle mode:

1.1769 s

Preliminary calculations:

The following values are derived from measurements of the current consumption:
· CCCCH:



Current drained during CCCH decoding

· CDSM:



Current drained in Deep Sleep Mode

· TCCCH:



CCCH occasion duration (incl. wakeup / sleep time)

· Power consumption for decoding one CCCH block:

PCCCH = TCCCH  * CCCCH
· Power consumption in Deep Sleep Mode for the duration of one CCCH block:

PDSM = TCCCH  * CDSM
· Average current in DRX mode over paging occasion:

CDRX = ( (CCCCH  * TCCCH )  + (CDSM * (TIDLE  - TCCCH) ) ) / TIDLE
· Average current in non-DRX mode over paging occasion:

Cnon-DRX = (TOTCCCH * (CCCCH * TCCCH ) + (CDSM * (TIDLE  - TOTCCCH* TCCCH) ) ) / TIDLE
Standby time shortage for different values of non-DRX timer (Case A: Combined CCCH):

Based on the above calculations applied on various profiles of users, the amount of extra power consumed by the MS in Packet Idle mode when operating with a non optimal Non-DRX timer is determined as compared to the solution proposed for a MS working in optimized DRX mode (no non-DRX period).
	
	Non DRX = 2 s
	Non DRX = 4 s
	Non DRX = 8 s

	Low Data User (3 TBFs x 60 sec)
	- 0.84 %
	- 1.66 %
	-3.27 %

	Medium Data User (10 TBFs x 90 sec)
	- 2.74 %
	- 5.34 %
	-10.13 %

	High Data User (20 TBFs x 100 sec)
	- 5.34 %
	- 10.13 %
	-18.40 %


[image: image1.emf]-20,00

-18,00

-16,00

-14,00

-12,00

-10,00

-8,00

-6,00

-4,00

-2,00

0,00

Standby Time

Shortage %

Non-DRX Timer = 8sec Non-DRX Timer = 4sec Non-DRX Timer = 2sec

Non DRX Timer

Low Data user

Medium Data User

High Data User


Figure 1: Standby time shortage when Non DRX is used vs. optimized DRX mode
Note: the standby time shortages for Non combined CCCH (case B) are significantly higher as the mobile needs to decode three times as many CCCH occurrences as for case A.
Gains estimates in terms of extra device activity time for different user profiles:

The following tables give the estimated extended activity time allowed by the usage of the optimized DRX mode vs. a non-DRX period of 8 seconds for different user profiles.

The gains evaluation is based on the respective power consumption average values in Packet Idle mode (non DRX and DRX phases) and in Packet Transfer mode.

Note: the calculations assume an average current in packet transfer mode modelling a packet transfer with predominant downlink traffic in lab conditions.

Case A: Combined CCCH - Optimized DRX mode gains vs. non-DRX period of 8 sec.
	
	TBFs per hour
	Gain (%)
	Gain (minutes / day)

	Low Data User
	3 TBFs x 60 sec
	0.53 %
	7.7 min

	Medium Data User
	10 TBFs x 90 sec
	0.44 %
	6.3 min

	High Data User
	20 TBFs x 100 sec
	0.41 %
	5.9 min

	E-mail User
	20 TBFs x 5 sec
	5.1 %
	74 min


Case B: Non combined CCCH - Optimized DRX mode gains vs. non-DRX period of 8 sec.

	
	TBFs per hour
	Gain (%)
	Gain (minutes / day)

	Low Data User
	3 TBFs x 60 sec
	1.65 %
	23.8 min

	Medium Data User
	10 TBFs x 90 sec
	1.36 %
	19.7 min

	High Data User
	20 TBFs x 100 sec
	1.27 %
	18.3 min

	E-mail User
	20 TBFs x 5 sec
	14.5 %
	209 min


5. Conclusion
This document is showing that the usage of non-DRX mode at the transition from packet transfer mode or dual transfer mode to packet idle mode causes an extra battery drain while not bringing further benefits in terms of reducing the latency in a number of scenarios (e.g. when Extended Uplink TBF / Delayed release of downlink TBF enhancements are used).

It is therefore proposed to introduce the Optimized DRX mode technique allowing the mobile station to skip the non-DRX mode period when returning to packet idle mode when so commanded by the network, and thus achieving significant battery savings.
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