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Discontinuous Reception (DRX) for GERAN Iu

1. Introduction

In GERAN #8 meeting, the principle of the DRX concept were agreed based on [2] in RRC-Idle mode and based on [1] solution 4 for RRC-Connected mode. The non-DRX mode was partly agreed in {RRC-Cell_Connected, MAC-Idle}. The mapping of DRX coefficients and the DRX periods were left open. The influence of the DRX parameters toward the CS domain will be discussed in a different paper.

This document aims at summarizing the agreed principle of discontinuous reception (DRX) method for GERAN Iu and solving the remaining open issues.

2. DRX for GERAN Iu

MSs in GERAN Iu mode may use Discontinuous Reception (DRX) in RRC-Idle mode, in RRC-Connected mode {RRC-Cell_Shared state, MAC idle state} and RRC-GRA_PCH state.

2.1 DRX mode

In RRC-connected mode, the agreed solution enables the network to determine the DRX period according to its need, e.g. load of the cell. In RRC-Idle mode, the agreed solution enables MSs attached to the PS CN domain to decide upon the DRX period. For MSs attached towards the CS domain, as a basic functionality, the network sets the DRX period, preferably in respect with MSs power consumption. The lifetime of the battery may significantly be increased at the expense of a small increase in delay for incoming call.

Besides, this solution generalize the use of DRX cycle length coefficients, in order to easily understand the DRX concept instead of using SPLIT_PG_CYCLE on the air interface and DRX cycle length coefficient on Iu interface.

2.1.1 DRX parameters

The DRX parameters are as follows:

· PS MS-specific DRX cycle length coefficient: Range 6 to 9. The MS may send this parameter in the GPRS Attach Request message. If the MS changes the access network from GERAN to UTRAN, or the MS wants to indicate new PS MS-specific DRX cycle length coefficient to the network, the MS shall send this parameter in the Routing Area Update message to the 3G-SGSN.

· CS CN-specific DRX cycle length coefficient: Range 6 to 9. GERAN broadcast this parameter on PBCCH to MSs in Iu mode.

· PS CN-specific DRX cycle length coefficient: Range 6 to 9. GERAN broadcast this parameter on PBCCH to MSs in Iu mode.

· GERAN DRX cycle length coefficient: Range 3 to 9. In RRC connected mode, GERAN may determine its GERAN DRX cycle length coefficient and send it to a given MS in the following RRC messages:

· CELL UPDATE CONFIRM

· GRA UPDATE CONFIRM

· RADIO BEARER RECONFIGURATION

· RADIO BEARER RELEASE

· RADIO BEARER SETUP

· RRC CONNECTION SETUP

· HANDOVER COMMAND

2.1.2 DRX Mode in RRC-Idle mode

In RRC-Idle mode, the following rules shall apply:

· when the MS is only attached to the PS CN domain, the MS and the GERAN shall use:

· the PS MS-specific DRX cycle length coefficient, if indicated in a NAS message, as presented in Figure 1;

· else, the PS CN-specific DRX cycle length coefficient.

· when the MS is only attached to the CS CN domain, the MS and the GERAN shall use the CS CN-specific DRX cycle length coefficient, as presented in Figure 2.

· when the MS is attached to both CS and PS CN domains, the MS and the GERAN shall use the shortest DRX cycle length coefficient of those defined when attached to the CS domain and when attached to the PS domain.
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Figure 1: Transfer of DRX parameters to 3G-SGSN at GPRS Attach. Paging from the PS domain in RRC-Idle mode.
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Figure 2: Paging from the CS domain in RRC-Idle mode. 

2.1.3 DRX Mode in RRC-Connected mode
In RRC-Connected mode, both the MS and the GERAN shall use the shortest of the following cycle lengths:
· the GERAN DRX cycle length coefficient received if any, and,

· CN domain specific DRX cycle length coefficients stored for any CN domain, as presented in Figure 3.
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Figure 3: Paging in RRC-Connected mode.
2.1.4 DRX period computation

To compute the occurrence of the paging blocks, the MS and the GERAN shall convert the DRX cycle length coefficient selected with the rules above into the SPLIT_PG_CYCLE as agreed from [2] and use the equations defined in 3GPP TS 45.002 for GPRS.

	DRX cycle length coefficient
	Function
	SPLIT_PG_CYCLE
	For information:
Average DRX period (s)

	9
	3x2(9-DRX coefficient)
	3
	5.12

	8
	
	6
	2.56

	7
	
	12
	1.28

	6
	
	24
	0.64

	5
	
	48
	0.32

	4
	
	96
	0.16

	3
	
	192
	0.08


Table 1: Conversion table between DRX cycle length coefficient and SPLIT_PG_CYCLE.

The DRX periods are not exactly constant due to the design of the PCCCH, where PBCCH, PNCH and PAGCH blocks are reserved and cannot be used for paging. However, a given MS and a given network, the occurrences of DRX are overlapping.

2.1.5 Rules for providing DRX information

The following rules also apply:

· An MS may, when it attaches to PS CN domain via a GERAN, in the GPRS Attach message include both the “legacy GPRS” SPLIT_PG_CYCLE and the PS MS-specific DRX cycle length coefficient in the CN Specific DRX cycle length coefficient field. The “legacy GPRS” SPLIT_PG_CYCLE will not be used as long as the MS stays within cells supporting GERAN Iu mode but can be used if the MS moves to a cell with only A/Gb mode (GPRS) support.

· If the “legacy GPRS” SPLIT_PG_CYCLE is available to the 3G-SGSN, it will be sent to the 2G-SGSN upon cell change [2].

· If the PS MS-specific DRX cycle length coefficient is available to the 2G-SGSN, it will be sent to the 3G-SGSN upon cell change.

· If an MS moves from a cell supporting only A/Gb mode to a UTRAN cell, it shall include the DRX cycle length coefficient in the Routing Area Update message (this is not a GERAN Iu mode specific requirement. It is already specified in Release 99) [2].

· If an MS moves from a cell supporting only A/Gb mode to a cell supporting GERAN Iu mode and operates in Iu mode in the new cell, it may include the PS MS-specific DRX cycle length coefficient in the Routing Area Update message for use if the MS later moved to an UTRAN cell [2].

· If an MS moves from a UTRAN cell to a GERAN Iu cell and operates in Iu mode in the new cell, it may include the PS MS-specific DRX cycle length coefficient in the Routing Area Update message.

2.2 Non-DRX mode

In GERAN Iu, a MS using discontinuous reception may also enter a non-DRX mode to be able to immediately receive paging requests and channel assignments [1]. There are two cases when the mobile station would enter a non-DRX mode period:

1) When entering the [RRC-Connected, MAC-Idle State], the mobile station shall enter the non-DRX mode period.

The duration of the non-DRX mode period is determined by the value of the NON_DRX_TIMER parameter included in the DRX Parameters IE and the value of the DRX_TIMER_MAX parameter broadcast in the cell. The mobile station may use the minimum value of these two parameters.


If the mobile station receives a new value of the DRX_TIMER_MAX parameter during the non-DRX mode period, the mobile station may wait to apply the new value until the next time the non-DRX mode period is entered.

2) A network operating in NC2 mode (Network controlled cell re-selection, MS sends measurement reports) shall enter the NC2 non-DRX mode period when it sends a NC measurement report. The duration of this period is defined by the NC_NON_DRX_PERIOD parameter indicated in PSI5 message.

The non-DRX mode periods defined above run independent of each other and may overlap. In RRC-Idle mode, the mobile station shall be in non-DRX mode during any of the non-DRX mode periods. Otherwise, the mobile station in RRC-Idle mode may be in DRX mode. 

In RRC-Connected mode, the non-DRX mode periods shall not apply, except if the mobile station establishes a RRC connection during any of the non-DRX mode periods, then that period shall continue to run.

2.3 Modifications required.

In GERAN Iu mode, the CN specific DRX cycle length coefficient field of the DRX parameter IE presented in 5.1 represents the PS MS-specific DRX cycle length coefficient.

The GERAN DRX cycle length coefficient shall be included in the following RRC messages:

· CELL UPDATE CONFIRM

· GRA UPDATE CONFIRM

· RADIO BEARER RECONFIGURATION

· RADIO BEARER RELEASE

· RADIO BEARER SETUP

· RRC CONNECTION SETUP

· HANDOVER COMMAND

The CS CN-specific DRX cycle length coefficient and the PS CN-specific DRX cycle length coefficient shall be included in a PSI for GERAN Iu MSs.

3. Conclusion

Based on the elements agreed in [1] and [2] during GERAN #8, this document intends to solve the mapping of DRX coefficients and the DRX periods, and the non-DRX mode.

This document also tries to generalize the use of DRX cycle length coefficients, which provides an easy understanding of the DRX concept compared to the use of legacy SPLIT_PG_CYCLE on the air interface and DRX cycle length coefficient on the Iu interface.
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5. Appendix

5.1 DRX parameter

The purpose of the DRX parameter information element is to indicate whether the MS uses DRX mode or not. See 3GPP TS 24.008.

The DRX parameter is a type 3 information element with a length of 3 octets.

Table 2: DRX parameter information element

	8
	7
	6
	5
	4
	3
	2
	1
	

	DRX parameter IEI
	octet 1

	SPLIT PG CYCLE CODE
	octet 2

	CN Specific DRX cycle length coefficient
	SPLIT on CCCH
	non-DRX

timer
	octet 3


Table 3: value parts of the DRX parameter information element 
	SPLIT PG CYCLE CODE, octet 2

	The octet contains the binary coded value of the SPLIT PG CYCLE CODE. The SPLIT PG CYCLE value is derived from the SPLIT PG CYCLE CODE as follows:

	0
	704 (equivalent to no DRX)

	1 to 64
	1 to 64, respectively

	65
	71

	66
	72

	67
	74

	68
	75

	69
	77

	70
	79

	71
	80

	72
	83

	73
	86

	74
	88

	75
	90

	76
	92

	77
	96

	78
	101

	79
	103

	80
	107

	81
	112

	82
	116

	83
	118

	84
	128

	85
	141

	86
	144

	87
	150

	88
	160

	89
	171

	90
	176

	91
	192

	92
	214

	93
	224

	94
	235

	95
	256

	96
	288

	97
	320

	98
	352

	All other values are reserved and shall be interpreted as 1 by this version of the protocol.

	

	SPLIT on CCCH, octet 3 (bit 4)

	0
	
	
	
	Split pg cycle on CCCH is not supported by the mobile station

	1
	
	
	
	Split pg cycle on CCCH is supported by the mobile station

	

	non-DRX timer, octet 3

	bit

	3
	2
	1
	
	

	0
	0
	0
	
	no non-DRX mode after transfer state

	0
	0
	1
	
	max.  1 sec non-DRX mode after transfer state

	0
	1
	0
	
	max.  2 sec non-DRX mode after transfer state

	0
	1
	1
	
	max.  4 sec non-DRX mode after transfer state

	1
	0
	0
	
	max.  8 sec non-DRX mode after transfer state

	1
	0
	1
	
	max. 16 sec non-DRX mode after transfer state

	1
	1
	0
	
	max. 32 sec non-DRX mode after transfer state

	1
	1
	1
	
	max. 64 sec non-DRX mode after transfer state

	

	CN Specific DRX cycle length coefficient, octet 3

bit

	8
	7
	6
	5
	UMTS specific

	0
	0
	0
	0
	CN Specific DRX cycle length coefficient not specified by the MS, ie. the system information value 'CN domain specific DRX cycle length' is used. (Ref 3GPP TS 25.331)

	0
	1
	1
	0
	CN Specific DRX cycle length coefficient 6

	0
	1
	1
	1
	CN Specific DRX cycle length coefficient 7

	1
	0
	0
	0
	CN Specific DRX cycle length coefficient 8

	1
	0
	0
	1
	CN Specific DRX cycle length coefficient 9

	All other values shall be interpreted as "CN Specific DRX cycle length coefficient not specified by the MS " by this version of the protocol.

	Note:
In UMTS this field (octet 3 bits 8 to 5) is used, but was spare in earlier versions of this protocol.


5.2 Location updating request

This message is sent by the mobile station to the network either to request update of its location file (normal updating or periodic updating) or to request IMSI attach. See 3GPP TS 24.008.

Message type:
LOCATION UPDATING REQUEST

Significance:

dual

Direction:


mobile station to network

Table 9.2.17/3GPP TS 24.008: LOCATION UPDATING REQUEST message content

	IEI
	Information element
	Type / Reference
	Presence
	Format
	Length

	
	Mobility management
	Protocol discriminator
	M
	V
	1/2

	
	protocol discriminator
	10.2
	
	
	

	
	Skip Indicator
	Skip Indicator
	M
	V
	1/2

	
	
	10.3.1
	
	
	

	
	Location Updating
	Message type
	M
	V
	1

	
	Request message type
	10.4
	
	
	

	
	Location updating type
	Location updating type
	M
	V
	1/2

	
	
	10.5.3.5
	
	
	

	
	Ciphering key sequence
	Ciphering key sequence
	M
	V
	1/2

	
	number
	number
	
	
	

	
	
	10.5.1.2
	
	
	

	
	Location area
	Location area
	M
	V
	5

	
	identification
	identification
	
	
	

	
	
	10.5.1.3
	
	
	

	
	Mobile station
	Mobile station
	M
	V
	1

	
	classmark
	classmark 1
	
	
	

	
	
	10.5.1.5
	
	
	

	
	Mobile identity
	Mobile identity
	M
	 LV
	2-9

	
	
	10.5.1.4
	
	
	

	33
	Mobile station
	Mobile station
	O
	TLV
	5

	
	classmark for UMTS
	classmark 2
	
	
	

	
	
	10.5.1.6
	
	
	


5.3 GPRS Attach Request

This message is sent by the MS to the network in order to perform a GPRS or combined GPRS attach. See table 9.4.1/3GPP TS 24.008.

Message type:
ATTACH REQUEST

Significance:

dual

Direction:


MS to network

Table 9.4.1/3GPP TS 24.008: ATTACH REQUEST message content

	IEI
	Information Element
	Type/Reference
	Presence
	Format
	Length

	
	Protocol discriminator
	Protocol discriminator

10.2
	M
	V
	1/2

	
	Skip indicator
	Skip indicator

10.3.1
	M
	V
	½

	
	Attach request message identity
	Message type

10.4
	M
	V
	1

	
	MS network capability
	MS network capability

10.5.5.12
	M
	LV
	3-9

	
	Attach type
	Attach type

10.5.5.2
	M
	V
	½

	
	GPRS ciphering key sequence number
	Ciphering key sequence number 

10.5.1.2
	M
	V
	½

	
	DRX parameter
	DRX parameter

10.5.5.6
	M
	V
	2

	
	P-TMSI or IMSI
	Mobile identity

10.5.1.4
	M
	LV
	6 - 9

	
	Old routing area identification
	Routing area identification

10.5.5.15
	M
	V
	6

	
	MS Radio Access capability
	MS Radio Access capability

10.5.5.12a
	M
	LV
	6 - 52

	19
	Old P-TMSI signature
	P-TMSI signature

10.5.5.8
	O
	TV
	4

	17
	Requested READY timer
value
	GPRS Timer

10.5.7.3
	O
	TV
	2

	9-
	TMSI status
	TMSI status

10.5.5.4
	O
	TV
	1


5.4 Routing area update request

This message is sent by the MS to the network either to request an update of its location file or to request an IMSI attach for non-GPRS services. See table 9.4.14/3GPP TS 24.008.

Message type:
ROUTING AREA UPDATE REQUEST

Significance:

dual

Direction:


MS to network

Table 9.4.14/3GPP TS 24.008: ROUTING AREA UPDATE REQUEST message content

	IEI
	Information Element
	Type/Reference
	Presence
	Format
	Length

	
	Protocol discriminator
	Protocol discriminator

10.2
	M
	V
	1/2

	
	Skip indicator
	Skip indicator

10.3.1
	M
	V
	1/2

	
	Routing area update request message identity
	Message type

10.4
	M
	V
	1

	
	Update type
	Update type

10.5.5.18
	M
	V
	1/2

	
	GPRS ciphering key sequence number
	Ciphering key sequence number 

10.5.1.2
	M
	V
	1/2

	
	Old routing area identification
	Routing area identification

10.5.5.15
	M
	V
	6

	
	MS Radio Access capability
	MS Radio Access capability

10.5.5.12a
	M
	LV
	6 - 52

	19
	Old P-TMSI signature
	P-TMSI signature

10.5.5.8
	O
	TV
	4

	17
	Requested READY timer value
	GPRS Timer

10.5.7.3
	O
	TV
	2

	27
	DRX parameter
	DRX parameter

10.5.5.6
	O
	TV
	3

	9-
	TMSI status
	TMSI status

10.5.5.4
	O
	TV
	1

	18
	P-TMSI
	Mobile identity

10.5.1.4
	O
	TLV
	7

	31
	MS network capability
	MS network capability

10.5.5.12
	O
	TLV
	4-10

	32
	PDP context status
	PDP context status

10.5.7.1
	O
	TLV
	4
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