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On Discontinuous Reception (DRX) for GERAN Iu mode

1 Introduction

To save a mobile station’s battery while it is in idle mode the time it has to receive and decode information shall be minimised. Therefor the paging channels are divided into several paging groups. The group in which a particular mobile station resides is known locally by both the MS and the network. Paging requests to a specific mobile station is then scheduled and sent at a time derived from MS unique information (IMSI) and information known by both the MS and the network. Thus, the MS knows when relevant page requests will be sent and can power down for the period when it knows that page requests will not occur.

When introducing GERAN Iu mode a way of combining procedures over the Um interface used in GPRS with the procedures used over the Iu interface is needed.

A solution to the problem has been presented in ref [1]. This contribution proposes an alternative method for mobile stations in RRC-Idle mode.

2 Short summary of DRX for GSM, GPRS, and UTRAN

2.1 GSM

A mobile station in idle mode shall listen to the radio blocks on CCCH according to its CCCH_GROUP and PAGING_GROUP. The CCCH_GROUP and PAGING_GROUP are calculated based on IMSI and parameters broadcast on the BCCH (BS_CC_CHANS and BS_PA_MFRMS)

The parameter BS_PA_MFRMS indicates the number of 51-multiframes between transmissions of paging messages to mobiles in idle mode of the same paging group.

The BS_CC_CHANS and BS_PA_MFRMS parameters are set by O&M commands in the BSS and the hence the behaviour of the MS is static and dictated by the BSS. The CN has no knowledge of the parameters.

2.2 GPRS

In RR packet idle mode, the mobile station listens to paging sub-channels on PCCCH or CCCH. The paging sub-channels are monitored according to the paging group determined for the mobile. There are two ways the paging group can be determined.

· Either a method based on the parameter SPLIT_PG_CYCLE or

· the method based on BS_PA_MFRMS (sect 2.1) is used.

If SPLIT_PG_CYCLE is supported the mobile station provides the network (i.e. SGSN) with this parameter during GPRS Attach.

Support of SPLIT_PG_CYCLE is mandatory for PCCCH and optional for CCCH. If SPLIT_PG_CYCLE is not supported on CCCH the method based on BS_PA_MFRMS (sect 2.1) is used.

2.3 UTRAN

To determine its DRX cycle, the UE calculates a DRX cycle length from the DRX Cycle length coefficients, k:

· The CS CN specific DRX cycle length coefficient, is updated in the UE using information broadcast in System Information (System Information Block type 1 and/or 13).

· The PS CN specific DRX cycle length coefficient, is updated in the UE and SGSN after UE-PS CN NAS procedures (GPRS Attach or Routing Area Update). If no k is negotiated in the NAS procedure the value given for PS CN domain in System Information shall be used.

· The UTRAN DRX cycle length is updated in the UE and UTRAN when UTRAN Connected mode is entered.

In RRC Idle mode the shortest of the CN domain specific DRX cycle lengths is used when paging a UE (the longer will always be a multiple of the shorter).

In UTRAN connected mode the DRX Cycle Length to use is the shortest of the following:

· UTRAN DRX Cycle Length;

· any of the stored CN domain specific DRX cycle length for the CN domains the UE is attached to in Cell_PCH or URA_PCH state with no signalling connection established.

3 GERAN Iu mode

3.1 Working Assumptions

· In GERAN Iu mode cells support of PBCCH/PCCCH is mandatory (working assumption from GERAN#7).

· A method based on the SPLIT_PG_CYCLE is used in GERAN Iu mode.

· RANAP shall not be impacted.

3.2 Preconditions

· It is possible to find values of the SPLIT_PG_CYCLE that, in analogy with the DRX cycle length in UTRAN, makes a longer cycle an even number of shorter cycles. This should not be a problem (see section 3.4 below).

3.3 Description of solution

This solution is based on choosing values of the existing SPLIT_PG_CYCLE of GPRS that fulfil the requirements that they produce paging cycles that overlap each other. These SPLIT_PG_CYCLES cycles are mapped to the DRX cycle length coefficient used in UTRAN possible in a way that keeps the approximate time between the paging occasions the in UTRAN and GERAN. The solution affects both CS and PS CN paging and GERAN paging.

Note:
In RRC-Connected mode there is no difference between this proposal and the solution in ref [1] (strategy 1).

Three new parameters/variables are introduced:

· CS_SPLIT_PG_CYCLE: This parameter is broadcast on the PBCCH. 

· PS_SPLIT_PG_CYCLE: The MS will use a table to map PS_SPLIT_PG_CYCLE to a corresponding value of the CN Specific DRX cycle length coefficient and use this value in the GPRS Attach Request message and the Routing Area Update message sent to the 3G-SGSN. The 3G-SGSN will not know that this is coming from GERAN. In the Paging Request message (RANAP) sent from the 3G-SGSN the CN Specific DRX cycle length coefficient is included and the GERAN will map it to the corresponding value of PS_SPLIT_PG_CYCLE. See Figure 1.

A default value of PS_SPLIT_PG_CYCLE should either be broadcast on PBCCH or set in the standard. If no PS_SPLIT_PG_CYCLE is negotiated in the NAS procedure the default value shall be used

· GERAN_SPLIT_PG_CYCLE: The MS provides the GERAN with the GERAN_SPLIT_PG_CYCLE during the RRC connection setup. This MS specific SPLIT_PG_CYCLE is used in RRC connected mode.

These parameters/variables corresponds to UTRAN’s DRX Cycle Length Coefficients both in the way they are used and the value ranges. See section 3.5.
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Figure 1: Transfer of DRX parameters to the 3G-SGSN at GPRS Attach. Paging from the PS domain in RRC-Idle mode.

In RRC-Idle mode the following applies:

· If the mobile station is connected only to the CS domain it shall use CS_SPLIT_PG_CYCLE.

· If the mobile station is connected only to the PS domain it shall use PS_SPLIT_PG_CYCLE.

· If the mobile station is connected to both the CS and PS domain it shall use shorter of the PS and CS split cycles (the highest value of CS_SPLIT_PG_CYCLE and PS_SPLIT_PG_CYCLE).

In RRC-Connected mode the shortest of the following split cycles is used:

· The split cycle defined by GERAN_SPLIT_PG_CYCLE and,

· the split cycle for RRC-Idle mode as defined above.

The following rules also applies:

· An MS may, when it attaches to a 3G-SGSN via a GERAN, in the GPRS Attach message include both the “legacy GPRS” SPLIT_PG_CYCLE and the DRX Cycle Length Coefficient derived from the PS_SPLIT_PG_CYCLE. 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.

· If an MS moves from a cell supporting only A/Gb mode (GPRS) 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 and is already today specified).

· If an MS moves from a cell supporting only A/Gb mode (GPRS) to a cell supporting GERAN Iu mode it shall include the DRX Cycle Length Coefficient derived from the PS_SPLIT_PG_CYCLE in the Routing Area Update message for use if the mobile station later moves to an UTRAN cell.

· If an MS moves from a UTRAN cell to a GERAN Iu cell no new transfer of DRX parameters over the radio interface is needed. The 3G-SGSN will use the DRX Cycle Length Coefficient and the GERAN will map this to the PS_SPLIT_PG_CYCLE.

3.4 Mapping of DRX cycle length coefficient and SPLIT_PG_CYCLE

The DRX Cycle Length is calculated from the DRX Cycle Length Coefficient according to:


DRX Cycle Length = 2k frames,

where k is the DRX Cycle Length Coefficient and one frame corresponds to 10 ms.

To calculate the period between pages to a mobile station from the SPLIT_PG_CYCLE the following approximate equation is used. 


Period between pages
=
64 52-multi frames / SPLIT_PG_CYCLE



=
15.36 s / SPLIT_PG_CYCLE

It is preferable if the DRX behaviour in a GERAN Iu cell and a UTRAN cell is comparable. Therefor the mapping between DRX Cycle Length Coefficient and SPLIT_PG_CYCLE should be such that the period between pages to a mobile station is similar or the same for corresponding values. In Table 1 below a mapping fulfilling this is suggested. The mapping also satisfies the periodicity requirement that a shorter period is an integer number of shorter periods.

Other values of the SPLIT_PG_CYCLE that fulfils the requirement of periodicity may also be used and mapped to the DRX cycle length coefficient.

Table 1: Suggested mapping between DRX cycle length coefficient and SPLIT_PG_CYCLE. DRX cycle length coefficients 3-5 can only be used in UTRAN Connected mode and RRC-Connected mode.

DRX cycle length coefficient
DRX cycle length
Period (s)
SPLIT_PG_CYCLE
Period (s)

3
8
0.08
192
0.08

4
16
0.16
96
0.16

5
32
0.32
48
0.32

6
64
0.64
24
0.64

7
128
1.28
12
1.28

8
256
2.56
6
2.56

9
512
5.12
3
5.12

3.5 Value range of parameters

An example of how the value range for the new parameters is:

CS_SPLIT_PG_CYCLE

· Broadcast on PBCCH.

· Suggested range: 3, 6, 12, and 24.

PS_SPLIT_PG_CYCLE

· Mapped to CN Specific DRX Cycle Length Coefficient in the DRX Parameter IE (appendix A) according to Table 1. No change to the IE is needed.

· Default value broadcast on PBCCH or set in the standard.

· Suggested range: 3, 6, 12, and 24.

GERAN_SPLIT_PG_CYCLE

· In UTRAN the range for the UTRAN DRX Cycle Length Coefficient is 3 to 9 (integer). It seems reasonable to use a corresponding range for GERAN_SPLIT_PG_CYCLE. 

· Suggested range: 3, 6, 12, 24, 48, 96, and 192.

GERAN_SPLIT_PG_CYCLE could be included in the following messages:

· Cell Update Confirm

· GRA Update Confirm

· Radio Bearer Reconfiguration

· Radio Bearer Release

· Radio Bearer Setup

· RRC Connection Setup

3.6 Comments

· RANAP will not be impacted.

· The number of allowed SPLIT_PG_CYCLEs for a GERAN Iu MS will be four. This is the same as for UTRAN but a significant reduction compared to GPRS.

4 Conclusion

Compared to the proposals in ref [1] this method allows a mobile station in RRC-Idle mode to control the DRX period. If the MS is attached to only the PS domain has the option of using a long “sleep time”. This is reasonable since this is the case both in GPRS and UTRAN and since the mobile station best can decide how quickly it shall receive a page.
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Appendix A
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

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.

Figure 2: DRX parameter information element [section 10.5.5.6 of 3GPP TS 24.008].
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