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Discontinuous Reception (DRX) and Network Modes of Operation (NMO) for GERAN Iu
1. Introduction

This document aims at defining a discontinuous reception (DRX) method and the different network modes of operation for GERAN Iu. As GERAN Iu is derived from UTRAN and GERAN A/Gb, DRX procedures for MSs in Iu mode and NMOs for GERAN Iu may combine elements inherited from both systems.

After an analysis of the different DRX methods used in GSM, (E)GPRS and UTRAN, GERAN Iu DRX is discussed. Similarly, the different network mode of operations (NMOs) of GPRS and UTRAN are presented before proposing NMOs for GERAN Iu.

2. Discontinuous Reception

2.1 DRX overview

For the sake of battery consumption, part of the time the MS has to receive, demodulate and process information, while in RR Idle mode, shall be minimized [1]. In this purpose, the monitored common control channel is divided into several paging sub-channels known at both the MS and the BSS. All paging messages intended to a user are sent on the same paging sub-channel derived from the TDMA frame number in conjunction with the IMSI of the MS and some broadcast information. Indeed, DRX enables to reduce the monitoring of common control channel to a paging sub-channel used by the MS to receive paging messages and immediate assignment messages. Therefore, the lifetime of the battery is increased at the expense of a small increase in delay for incoming call or data transfer set up. DRX also enables the MS to process other tasks in the meantime.

2.2 DRX in (E)GPRS

In RR packet idle mode, the mobile station listens to paging sub-channels on a PCCCH or a CCCH [2,3]. Paging sub-channels are monitored according to the paging group determined for the mobile station and its current DRX mode. A MS in non-DRX mode is required to monitor all paging sub-channels on the monitored common control channel. A MS in DRX mode is only required to monitor one paging sub-channel, composed of radio blocks defined by its paging group, in order to reduce power consumption.
DRX shall be supported when the MS is in RR Packet Idle mode, independently of its MM state. During GPRS attach, the MS provides the network with its DRX parameters, presented in appendix 6.1, in order to indicate whether it supports split paging on CCCH, uses DRX mode and non-DRX mode. Besides, the DRX parameters are included during routing area update procedures if the MS changes the access network from GERAN to UTRAN, or the MS wants to indicate new DRX parameters to the network [5]. However, a GPRS MS shall not apply DRX in MM READY state during the GPRS attach and routing area update procedures. Then, in each page request, the SGSN sends these parameters to the BSS that uses this information and the MS's IMSI to calculate the correct paging group for this MS. Therefore, the SGSN indicates the DRX parameters for the MS in all packet transmission requests to the BSS.

For GPRS, the DRX parameters provided by the MS are the following ones:

· SPLIT_PG_CYCLE

It indicates whether the MS wants to use DRX or not. In addition, if the MS is using DRX, the parameter SPLIT_PG_CYCLE is used to determine the right paging group for PCCCH and, if DRX period split is supported, for CCCH. If the MS camps on CCCH and DRX period split is not supported, DRX period computation is based on BS_PA_MFRMS as in GSM.

· Non-DRX timer
It is a conditional parameter for MSs using DRX to determine the time period within which the non-DRX mode is kept after leaving the RR packet transfer mode or the RR dual transfer mode. The support for this non-DRX mode is optional on the network side and the information about the maximum supported value for the timer in the cell is broadcast on PBCCH.

· SPLIT on CCCH

It indicates whether the MS supports the split pg cycle option on CCCH.
On CCCH, DRX split period is applied when both the network and the MS support the split_pg_cycle option. The optional support of the split pg cycle on CCCH by the network is indicated in SI13 or PSI1 with SPGC_CCCH_SUP.

2.2.1 DRX-mode

Table 1 presents the main parameters that are used for DRX operations according to the common control channel monitored by the MS [3].

Table 1: Parameters for DRX operation in GPRS and GSM

Parameters
GPRS
Corresponding GSM parameters


PCCCH
CCCH
CCCH

DRX period
SPLIT_PG_CYCLE 
BS_PA_MFRMS   *) SPLIT_PG_CYCLE   **)
BS_PA_MFRMS

Blocks not available for PPCH per multiframe
BS_PAG_BLKS_RES + BS_PBCCH_BLKS
BS_AG_BLKS_RES
BS_AG_BLKS_RES

Number of physical channels containing paging
BS_PCC_CHANS
BS_CC_CHANS
BS_CC_CHANS

*) Only when DRX period split is not supported.
**) Only when DRX period split is supported.

Broadcast variables

In SYSTEM INFORMATION type 3 or in PACKET SYSTEM INFORMATION type 3
BS_CC_CHANS
is the number of basic physical channels supporting CCCH in the cell

BS_AG_BLKS_RES
is the number of radio blocks per CCCH not available for paging (0 to 7)

BS_PA_MFRMS
is the number of 51-multiframes between pages to the same MS (2 to 9)

In PACKET SYSTEM INFORMATION type 2

BS_PCC_CHANS 
is the number of basic physical channels supporting PCCCH in the cell (1 to 16)

BS_PAG_BLKS_RES
is the number of radio blocks per PCCCH not available for paging (0 to 12).

BS_PBCCH_BLKS
is the number of radio blocks per 52-multiframe reserved for PBCCH

The equations computed in DRX mode with previous parameters can be found in appendix 6.2.

2.2.2 Non-DRX mode

If the MS uses discontinuous reception, the DRX Parameters also indicate when the MS is in a non-DRX mode, able to receive paging requests and channel assignments.

There are four cases when the mobile station shall enter a non-DRX mode period [6]:

1)
At the transition from RR packet transfer mode to RR packet idle mode, the mobile station shall enter the Transfer non-DRX mode period. 

2)
At the transition from the RR dual transfer mode to RR dedicated mode or RR packet idle mode, the mobile station shall enter the Transfer non-DRX mode period.


In both 1) and 2) cases, the duration of the Transfer non-DRX mode period is determined by the value of the NON_DRX_TIMER parameter 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 Transfer non-DRX mode period, the mobile station may wait to apply the new value until the next time the Transfer non-DRX mode period is entered.

3)
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. 

4)
When initiating the MM procedures for GPRS attach and routing area update defined in 3GPP TS 44.018, the mobile station shall enter the MM non-DRX mode period. This period ends when either of the messages GPRS ATTACH ACCEPT, GPRS ATTACH REJECT, ROUTING AREA UPDATE ACCEPT or ROUTING AREA UPDATE REJECT is received by the mobile station. This period also ends after timeout when waiting for any of these messages.
The non-DRX mode periods defined above run independent of each other and may overlap. The non-DRX mode periods are applicable only in RR packet idle mode. In RR packet idle mode, the mobile station shall be in non-DRX mode during any of the non-DRX mode periods. Otherwise, the mobile station in RR packet idle mode may be in DRX mode.

If the mobile station establishes a dedicated connection during any of the non-DRX mode periods, then that period shall continue to run.

2.3 DRX in UTRAN

The UE may use Discontinuous Reception (DRX) in RRC idle mode, in RRC URA_PCH state or RRC Cell_PCH state of the RRC connected mode in order to reduce power consumption [9,10]. When DRX is used, the UE needs to monitor only one Page Indicator (PI) in one Paging Occasion per DRX cycle (individual time interval between monitoring Paging Occasion for a specific UE). When DRX is not used, the UE needs to monitor all PI in all Paging Occasions. The Paging Occasion is, in FDD, the System Frame Number of the Paging Indicator Channel (PICH), and, in TDD, the first frame of paging block where the UE monitors its paging indicator.

To determine its DRX cycle, the UE has to store the CN domain specific DRX cycle length of each CN domain it is attached to, and, if available, the UTRAN DRX cycle length. On one hand, the CS CN specific DRX cycle length coefficient is updated locally in the UE using information given in system information. On the other hand, the PS CN specific DRX cycle length coefficient is updated after the negotiation between the UE and PS CN by NAS procedure. If no specific value "k" is negotiated in NAS procedure, the UE and PS CN shall use the DRX cycle length given for PS CN domain in system information.
The negotiation between the UE and PS CN may occur during the GPRS attach procedure and when changing from GSM/GPRS to UMTS also in the routing area update procedure. The UE indicates its DRX parameter, presented in 6.1, which may include a CN Specific DRX cycle length coefficient specified by the UE. Then, the SGSN shall, in each page request, send these parameters to the RNC that uses this information, and the IMSI, to calculate the correct paging group [2,4]. At inter-SGSN RA update, the network shall use the DRX parameter IE received from the MS in the routing area update request message and ignore the same IE received in MM Context from the old SGSN.
The equations computed when DRX is used can be found in appendix 6.3.

2.4 Summary of DRX mechanisms in GSM/GPRS and UTRAN

Table 2 presents a summary of DRX features for GSM/GPRS and UTRAN.

Table 2: DRX for GSM/GPRS and for UTRAN


GSM and GPRS when DRX period split is not supported
GPRS when DRX period split is supported
UTRAN

Managing element
Network
MS
Network

DRX parameter negotiation
No
No
No negotiation with CS CN

Possible with PS CN

Main DRX parameter transmission
Broadcast of BS_PA_MFRMS
Transmission of DRX parameters in 

GPRS ATTACH REQUEST

and optionally, in

ROUTING AREA UPDATE REQUEST
Broadcast of CN domain specific DRX cycle length coefficient and CBS DRX Level 1 info.

Transmission of UTRAN DRX cycle length coefficient in RB SETUP, RB RECONFIG, RB RELEASE, TRANSPORT CHANNEL RECONFIG, PHYSICAL CHANNEL RECONFIG, CELL UPDATE CONFIRM, URA UPDATE CONFIRM.

MS may specify its CN Specific DRX cycle length coefficient during the negotiation with the PS CN

Mode in which DRX is applicable
RR idle / RR packet idle
RR packet idle
RRC idle, RRC GRA_PCH, RRC Cell_PCH

2.5 DRX for GERAN Iu

In order to reduce power consumption, a MS connecting to GERAN in Iu mode may use Discontinuous Reception (DRX) in RRC Idle mode and in RRC GRA_PCH State of the RRC connected mode independently of its MM state.
The design of DRX is tied to the structure of common control channels. Since GERAN Iu uses CCCH and PCCCH like GERAN A/Gb, GERAN A/Gb DRX parameters and computations can be reused for GERAN Iu. However, DRX parameters have to be transferred over the Iu interfaces inherited from UTRAN.

To reduce the number of DRX computations, the support of DRX period split on CCCH could be mandatory for GERAN Iu and MSs in Iu mode. Therefore, DRX period split would be used on both CCCH and PCCCH. 

Table 3 presents the fields used in DRX parameters IE for GERAN Iu. The DRX parameters shall be indicated by the MS in attach and Routing Area Update procedures. The SGSN shall then in each page request send the DRX parameters to the BSS that uses this information, broadcast variables and the IMSI to calculate the correct paging group.

GPRS DRX parameter
Status
Reason

SPLIT_PG_CYCLE
Unchanged
Indicates whether DRX is used, needed to determine the DRX period

CN Specific DRX cycle length coefficient
Not used
Only used in UMTS 

SPLIT on CCCH
Not used
If DRX period split is mandatory on CCCH for MSs in Iu mode, this field is not needed. Otherwise, it is unchanged.

Non-DRX period
Unchanged
Inherited from GPRS 

Table 3: Fields used in DRX parameters IE for GERAN Iu

As long as the MS is MM detached, the network cannot page the MS. When the MS is MM-attached, the network determines the MS paging group using the MS DRX parameters in order to page the MS.

3. Network modes of operation

The network mode of operation is used to indicate whether the Gs interface, between MSC and SGSN, is installed or not. When the Gs interface is present, a MS can initiate combined procedures, according to its capabilities [2].

The network may provide co-ordination of CN paging for circuit-switched and packet-switched services. CN paging co-ordination means that the network sends paging messages for circuit-switched services on the same channel as used for packet-switched services, i.e., on the GPRS paging channel or on the GPRS traffic channel, and the MS needs only to monitor that channel.

The network mode of operation is indicated in system information messages. For proper operation, the network mode of operation should be the same in each cell of one routing area.

3.1 GPRS

GPRS operates in one of those three modes [2,7]:

· NMO I: the network has a Gs interface. The network sends CS and PS paging messages for a GPRS-attached MS, via the SGSN and the Gb interface, on PACCH if available, else PCCCH, if available, else CCCH. Therefore, paging co-ordination is allowed. This means that the MS needs only to monitor one paging channel, and that it receives CS paging messages on a packet data channel when it has been assigned a packet data channel. 

· NMO II: the network has no Gs interface, there is no PCCCH in the cell. For a GPRS-attached MS, the network sends, CS paging messages, via the A interface, and PS paging messages, via Gb interface, on CCCH. This means that the MS needs only to monitor the CCCH, but that CS paging continues on this paging channel even if the MS has been assigned a packet data channel. Paging co-ordination cannot be performed.

· NMO III: the network has no Gs interface, PCCCH shall be used for PS paging when the PCCCH is allocated in the cell. The network sends CS paging messages for a GPRS-attached MS, via the A interface, on CCCH, and sends PS paging messages, via the Gb interface, on the PCCCH if available, else on CCCH. This means that an MS that wants to receive pages for both circuit-switched and packet-switched services shall monitor both paging channels, if PCCCH is allocated in the cell. Paging co-ordination cannot be performed.

Table 4: Network modes of operation for GPRS

Mode
Circuit Paging Channel
GPRS Paging Channel
Paging co-ordination


PCCCH 
PCCCH


(
CCCH
CCCH
Yes


PACCH
-


((
CCCH
CCCH
No

(((
CCCH
PCCCH
No


CCCH
CCCH


3.2 UTRAN

UMTS operates in one of the following two modes [2,7]:

· NMO I: the network has a Gs interface. For mobile stations attached to both domains, the MSC sends circuit pages via the SGSN and the Iu-ps interface. The SGSN sends packet pages directly to UTRAN via the Iu-ps interface. MS can initiate combined procedures according to its capabilities.

· NMO II: the network has no Gs interface. The MSC sends circuit pages directly to UTRAN via the Iu-cs interface. The SGSN sends packet pages directly to UTRAN via the Iu-ps interface. MSs cannot initiate combined procedures.

Based on the mode of operation provided by the network, the MS can then choose, according to its capabilities, whether it can attach to CS domain services, to PS domain services, or to both.
3.3 GERAN Iu

Paging co-ordination shall be allowed in GERAN Iu, in order to avoid that a MS has to listen to both packet and circuit switched paging channels. Consequently, GPRS NMO II and III are not relevant for GERAN Iu.

Here are the network modes of operation proposed for GERAN Iu:

· NMO I: the network has a Gs interface. The network sends CS paging and PS paging messages for an attached MS via the SGSN and the Iu-ps interface to GERAN Iu. Paging co-ordination is achieved at the SGSN thanks to the Gs interface. GERAN Iu pages the MS on PACCH if available, else PCCCH if available, else CCCH. MS can initiate combined procedures according to its capabilities.

· NMO I bis: the network has no Gs interface. For an attached MS, the network sends CS paging messages, via the MSC plus the Iu-cs interface, and sends PS paging messages, via the SGSN plus the Iu-ps interface to GERAN Iu. GERAN Iu performs paging co-ordination and pages the MS on PACCH if available, else PCCCH if available, else on CCCH. MSs cannot initiate combined procedures.

In both cases, the MS needs only to monitor one paging channel and it receives CS paging messages on a packet data channel when it has been assigned a packet data channel.

4. ConclusionS

This paper analyses discontinuous reception and Network Modes of Operation in GPRS and UTRAN. It also proposes a DRX method and Network Mode of Operations for GERAN Iu.

GERAN may be use DRX in RRC Idle mode and in RRC GRA_PCH State of the RRC connected mode. It is proposed that GERAN Iu mode use DRX procedure inherited from GERAN A/Gb. Besides, to reduce the number of DRX computations, it is also proposed to mandate DRX period split on CCCH for GERAN Iu and MSs in Iu mode.

Finally, it is proposed to define two different Network Modes of Operation for GERAN Iu. All proposed NMOs provide paging co-ordination. To reduce the number of possible channels to monitor, PCCCH should preferably be mandatory.
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6. Appendix

6.1 DRX parameter

The purpose of the DRX parameter information element is to indicate whether the MS uses DRX mode or not [4].

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

Table 5: 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 6: 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.

6.2 Paging equations in DRX mode for (E)GPRS

6.2.1 MS camping on CCCH

The following equations calculate which paging block to monitor on the monitored common control channel [5,6,7,8].

6.2.1.1 Monitored CCCH

The following equation calculates the CCCH a mobile station has to monitor,

CCCH_GROUP = [(IMSI mod 1000) mod Nt] div Nc

Where

CCCH_GROUP = the CCCH to be monitored by the mobile station (0 to BS_CC_CHANS – 1)

IMSI = international mobile – subscriber identity.

Nt = total number of paging blocks per cell = BS_CC_CHANS * Nc

     = (number of PDCHs containing CCCH) * Nc

Nc = number of paging blocks per common control channel

     = (number of paging blocks in a CCCH 51-multiframe) * BS_PA_MFRMS
6.2.1.2 Monitored paging block(s) on CCCH

For GPRS-detached mobile stations, the following equation calculates which paging block(s) to monitor on the monitored CCCH.

PAGING_GROUP = [(IMSI mod 1000) mod Nt] mod Nc

Where

PAGING_GROUP = the group of paging blocks the mobile station shall monitor (0 to Nc-1)

IMSI = international mobile – subscriber identity.

Nt = total number of paging blocks per cell = BS_CC_CHANS * Nc

Nc = number of paging blocks per common control channel

     = (number of paging blocks in a CCCH 51-multiframe) * BS_PA_MFRMS

For GPRS-attached mobile stations the following equation calculates which paging block to monitor on the monitored common control channel. If CCCH does not support this type of paging, the preceding equation applies.

PAGING_GROUP = {[(IMSI mod 1000) div Nt] * Nc

+ (IMSI mod 1000) mod Nc

+ max [(m * Mc) div SPLIT_PG_CYCLE, m]} mod Mc

Where

PAGING_GROUP = the group of paging blocks the mobile station shall monitor (0 to Nc-1)

IMSI = international mobile –subscriber identity

Nt = total number of paging blocks per cell = BS_CC_CHANS * Nc

m = 0,1… min (Mc, SPLIT_PG_CYCLE) – 1

Mc =
 number of packet paging blocks per CCCH for GPRS attached

     =
 (9 - BS_AG_BLKS_RES) * 64 for CCCH not combined
 (3 - BS_AG_BLKS_RES) * 64 for CCCH + SDCCH combined

Nc =
 number of paging blocks per CCCH for GPRS detached

     =
 (9 - BS_AG_BLKS_RES)*BS_PA_MFRMS for CCCH not combined
 (3 - BS_AG_BLKS_RES)*BS_PA_MFRMS for CCCH/SDCCH combined

SPLIT_PG_CYCLE = divisor for the period between pages to a MS, where the period is expressed in Mc packet paging blocks

Any time SPLIT_PG_CYCLE is greater than Mc, the BSS will page the MS in every packet paging block. For CCCH, if SPLIT_PG_CYCLE>32 is negotiated, SPLIT_PG_CYCLE=32 shall be used, in order to provide the MS enough time for BSIC (Base transceiver station identity code) and System Information decoding.
6.2.1.3 Paging multiframe

For GPRS-detached mobile stations, when the following equation is true, the mobile station may be paged within the multiframe containing FN. 

PAGING_GROUP div Nm = (FN div 51) mod (BS_PA_MFRMS)

Where

PAGING_GROUP = the group of paging blocks the mobile station shall monitor

Nm = number of paging blocks per CCCH 51-multiframe

FN = frame number

BS_PA_MFRMS =number of 51-multiframes between pages to the same mobile station (2 to 9)
For GPRS-attached mobile stations, when the following equation is true, the mobile station may be paged within the multiframe containing FN. If CCCH does not support this type of paging, the preceding equation applies.

PAGING_GROUP div Nm = (FN div 51) mod (64)

Where

PAGING_GROUP = the group of paging blocks the mobile station shall monitor

Nm = number of paging blocks per CCCH 51-multiframe

FN = frame number
6.2.1.4 Paging-block index (i)

The following equation calculates the index to the paging block in which the mobile station may be paged, i.e. a calculated value of 0 indicated B0 (block 0).

i = PAGING_GROUP mod Nm

Where

i = the index to the paging block within the 51-multiframe.

PAGING_GROUP = the group of paging blocks the mobile station shall monitor.

Nm = number of paging blocks per CCCH 51-multiframe

6.2.2 MS camping on PCCCH

The following equations calculate which paging block to monitor on the monitored packet common control channel [5,6,7,8].

6.2.2.1 Monitored PCCCH

The following equation calculates which PCCCH a mobile station has to monitor.

PCCCH_GROUP = (IMSI mod 1000) mod BS_PCC_CHANS

Where

PCCCH_GROUP = the PCCCH to be monitored by the mobile station (0 to BS_PCC_CHANS – 1)

IMSI = international mobile – subscriber identity.

BS_PCC_CHANS = the number of PDCHs containing PCCCH (1 to 16).

6.2.2.2 Monitored paging block(s) on PCCCH

The following equation calculates which paging block a GPRS-attached MS has to monitor on the monitored PCCCH.

PAGING_GROUP = {[(IMSI mod 1000) div Npt]

+ max [(m * Mpc) div SPLIT_PG_CYCLE, m]} mod Mpc

Where

PAGING_GROUP = the group of paging blocks the mobile station shall monitor (0 to Npc-1)

IMSI = international mobile –subscriber identity

Npt = total number of paging blocks per cell = BS_PCC_CHANS * Npc

m = 0,1… min (Mc, SPLIT_PG_CYCLE) – 1

Mpc =
 number of packet paging blocks per PCCCH for GPRS attached

        =
 (12 - BS_PAG_BLKS_RES - BS_PBCCH_BLKS) * 64 for PCCCH

SPLIT_PG_CYCLE = divisor for the period between pages to a MS, where the period is expressed in Mc packet paging blocks

Any time SPLIT_PG_CYCLE is greater than Mc, the BSS will page the MS in every packet paging block. For CCCH, if SPLIT_PG_CYCLE>32 is negotiated, SPLIT_PG_CYCLE=32 shall be used, in order to provide the MS enough time for BSIC (Base transceiver station identity code) and System Information decoding.
6.2.2.3 Paging multiframe

When the following equation is true, the mobile station may be paged within the multiframe containing FN. 

PAGING_GROUP div Npm = (FN div 52) mod 64

Where

PAGING_GROUP = the group of paging blocks the mobile station shall monitor

Npm = number of paging blocks per PCCCH 51-multiframe

FN = frame number

6.2.2.4 Paging-block index (i)

The following equation calculates the index to the paging block in which the mobile station may be paged, i.e. a calculated value of 0 indicated B0 (block 0).

i = PAGING_GROUP mod Npm

Where

i = the index to the paging block within the 52-multiframe

PAGING_GROUP = the group of paging blocks the mobile station shall monitor

Npm = number of paging blocks per PCCCH 52-multiframe
6.3 Paging equations in DRX mode for UMTS

6.3.1 Computation of monitoring occurrences 

DRX cycle length shall be MAX(2k, PBP) frames, where k is an integer (3..9) and PBP is the Paging Block Periodicity. PBP is only applicable for TDD and is equal to the PICH repetition period that is broadcast in system information. For FDD, PBP=1. For computing the UTRAN DRX cycle length, k is set to the value of the IE UTRAN DRX cycle length coefficient. For computing a CN domain specific DRX cycle length, k is set to the value of the corresponding CN domain specific DRX cycle length coefficient broadcast in SYSTEM INFORMATION TYPE 1&13 or UTRAN MOBILITY INFORMATION message [9,10].

The UE shall use the shortest DRX cycle lengths of the following:

· UTRAN DRX cycle length, if available from a previous message;

· CN domain specific DRX cycle length stored for any CN domain, when using Discontinuous Reception (DRX). In RRC idle mode, the UE is attached to those CN domains with no signaling connection established.

If the UE has no IMSI, for instance when making an emergency call without USIM, the UE shall use as default numbers, IMSI = 0 and DRX cycle length = 256 (2.56 s), in the following formulas.

6.3.1.1 Paging Occasion

The value of the Paging Occasion is determined as follows:

Paging Occasion = {(IMSI div K) mod (DRX cycle length div PBP)} * PBP


+ n * DRX cycle length + Frame Offset

Where: 

n = 0,1,2… as long as SFN is below its maximum value.

K = the number of available paging channel carried on SCCPCH

Frame offset = 
 0, for FDD;


 PICH frame offset value given in system information, for TDD

6.3.1.2 Page Indicator

The Page Indicator to use within a Paging Occasion is calculated by using the following formula:

PI = DRX Index mod Np

Where: 

DRX Index = IMSI div 8192

Np = the number of page indicators within a paging block

In FDD mode, Np = (18,36,72,144) is the number of Page Indicators per frame, and is given in IE "Number of PI per frame", part of system information in FDD mode.

In TDD mode, Np is the number of Page Indicators per paging block and is calculated by the Paging Indicator Length LPI, the Burst Type (long or short midamble for 3.84 Mcps TDD) and the PICH repetition length, which are given in system information.

In FDD, the UE shall monitor its paging indicator in the PICH frame with SFN (Cell System Frame Number) given by the Paging Occasion. See 3GPP TS 25.211 for details about the timing between a PICH frame and when the paging message is transmitted on the PCH in the associated S-CCPCH frame.

In TDD, the UE shall monitor its paging indicator in the paging block given by the Paging Occasion. The Paging Occasion gives the SFN of the first frame of the paging block. The Paging Message Receiving Occasion (the frame where the UE receives actual paging message) is calculated using the following formula:

Paging Message Receiving Occasion = Paging Occasion + NPICH + NGAP 


+ {(DRX Index div Np) mod NPCH } *2

Where:

NPICH = the number of frames for PICH transmission = equal to the PICH repetition length given in system information

NGAP = number of frames between the last frame carrying PICH for this Paging Occasion and the first frame carrying paging messages for this Paging Occasion. 

NPCH = the number of Paging Groups

NPCH and NGAP are given in system information.

6.3.2 Cell Broadcast Service

A UE supporting Cell Broadcast Service (CBS) has to receive BMC (Broadcast/Multicast Control) messages [9,10]. However, when several Paging Channels (PCH) exist in the cell, the Forward Access Channel carrying the Common Traffic Channel (CTCH) may be mapped to a different Secondary Common Control Physical Channel (SCCPCH) than the PCH selected by the UE for paging. In this case, UEs determine their CTCH occasions using the CBS DRX Level 1 information broadcast in SYSTEM INFORMATION 5&6 according to the following formulas:

System frame number of the CTCH occasion = (K + m N)

Where:

N =
period of CTCH allocation on S-CCPCH broadcast in CBS DRX Level 1


(integer number of radio frames, MTTI  MaxSFN – K, where N is a multiple of MTTI) N 

K =
CBS frame offset broadcast in CBS DRX Level 1


(integer number of radio frames 0  N-1 where K is a multiple of MTTI) K 

m = 0, 1,..., M, with M chosen so that K+MN  MaxSFN

MTTI = number of radio frames within the TTI of the FACH used for CTCH

MaxSFN = maximum system frame number = 4095

Then, the UE has to change from the SCCPCH that carries the PCH selected for paging to the first CTCH that is configured in the list of SCCPCHs which is used for CBS and receive BMC messages during time intervals which do not conflict with the UE specific paging occasions.

