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PBCCH Capacity

1 Introduction

Examples of system configurations are examined in an attempt to identify the PBCCH capacity available for supporting additional broadcast requirements for R5.  For all system configuration examples considered in this paper the following assumptions are made:

· GPRS is supported with the presence of PBCCH.

· One new PSI message is sufficient for carrying new PBCCH information required for R5.

· A new PSI message should be sent with a target periodicity of 1 second (since it will likely contain parameters related to cell reselection). This is still subject to discussion – see section 6.

2 Mapping of PBCCH Information

In order to facilitate the MS operation, the network is required to transmit certain types of Packet System Information (PSI) messages in specific multiframes and specific PBCCH blocks within the multiframes as described in Table 1 below where TC = (FN DIV 52) mod PSI1_REPEAT_PERIOD. PSI1_REPEAT_PERIOD (range 1 - 16) is indicated in the SI13 message sent on BCCH, the PSI 1 message sent on PBCCH and, if present, in the Neighbor Cell parameters in PSI3 and PSI3bis messages sent on the PBCCH of the serving cell. 

All PSI messages other than the PSI1 message are divided into two groups as follows:

· One group of PSI messages is transmitted with a high repetition rate.

· One group of PSI messages is transmitted with a low repetition rate.

The number of PSI message instances sent using the high repetition rate is indicated by the parameter PSI_COUNT_HR (range 0 to 16) included in the PSI1 message. The number of PSI message instances sent using the low repetition rate is indicated by the parameter PSI_COUNT_LR (range 0 to 63) included in the PSI1 message. 

Table 1 – Rules for Mapping of PBCCH Information

Message
Transmission Requirement
Transmission Conditions

PSI 1
Required
· Sent in B0 when TC = 0

· Sent in B6 when TC = 0 if the value of the parameter BS_PBCCH_BLKS is greater than 1

HR
Optional
· Sent in a sequence determined by the network

· Sent starting at TC = 0, using the PBCCH blocks within each 52-multiframe, in the order of their occurrence, which are not occupied by PSI 1

· The full sequence of HR PSI messages shall be repeated starting at each occurrence of TC = 0

LR
Optional
· Sent in a sequence determined by the network

· These messages are continuously repeated, using the PBCCH blocks within each 52-multiframe, in the order of their occurrence, which are not occupied by PSI 1 or HR PSI messages

· The full sequence of LR PSI messages shall be repeated starting at each occurrence of FN = 0

If there are multiple instances of a particular type of PSI message (See 3GPP TS 04.60), they shall all be sent within the same group of PSI messages (i.e. the HR group or the LR group). They shall be sent in a single sequence in the ascending order of the message instance number of that type of PSI message. The same PSI message shall not occur twice within the lists defined by PSI_COUNT_LR and PSI_COUNT_HR (i.e. if there are multiple instances of a particular type of PSI message sent within the full set of HR or LR messages, each instance shall contain unique payload).

A full set of Packet System Information messages contains one consistent set of the messages included in PSI_COUNT_LR, one consistent set of the messages included in PSI_COUNT_HR plus the PSI1 message.

A value for BS_PBCCH_BLKS and PSI1_REPEAT_PERIOD shall be selected by the network such that all PSI messages requiring transmission can be sent according to Table 1 above. It is the responsibility of the network to optimize the broadcast of the PSI messages so that the MS can find parameters critical to cell re-selection and system access as fast as possible and without unnecessary power consumption. 

3 System Information Sent on PBCCH

When PBCCH is present in a cell the set of PSI messages that may be transmitted and the resources that may be used to transmit them are as shown below.

· PSI 1 - This message is sent by the network on the PBCCH or PACCH to provide information for Cell selection, for control of the PRACH, for description of the control channel(s) and optional global power control parameters.
· PSI 2 - This message is sent by the network on PBCCH or PACCH to provide information about reference frequency lists, cell allocation, GPRS mobile allocations and PCCCH descriptions being used in the cell. If not all information fits into one instance of this message, the remaining information will be sent in other instances of this message.
· PSI 3 - This message is sent by the network on the PBCCH or PACCH to provide information about BCCH allocation (BA(GPRS)) in the neighbor cells and cell selection parameters for serving cell and non-serving cells.
· PSI 3bis - This message is sent by the network on the PBCCH or PACCH to provide information about BCCH allocation in neighbor cells and cell selection parameters for non-serving cells. If not all information fits into one instance of this message, the remaining information will be sent in other instances of this message.
· PSI 3ter - This message is sent by the network on the PBCCH or PACCH to provide information on additional measurement and reporting parameters. If not all information fits into one instance of this message, the remaining information will be sent in other instances of this message.
· PSI 3quater - This message is sent by the network on the PBCCH or PACCH to provide information on 3G Neighbor Cells and additional measurement and reporting parameters. If not all information fits into one instance of this message, the remaining information will be sent in other instances of this message.
· PSI 4 - This message is sent by the network on the PBCCH or PACCH to provide information directing the mobile station to make interference measurements. If not all information fits into one instance of this message, the remaining information will be sent in other instances of this message.
· PSI 5 - This message is sent by the network on the PBCCH to provide information about measurement reporting and network controlled cell reselection. If not all information fits into one instance of this message, the remaining information will be sent in other instances of this message. The message is sent on PBCCH only if so indicated in PSI1.
· PSI 6 - This message is sent by the network on the PBCCH or PACCH to provide information required by non-GSM networks. If not all information fits into one instance of this message, the remaining information will be sent in other instances of this message.
· PSI 7 - This message is sent by the network on the PBCCH or PACCH to provide information required by non-GSM networks. If not all information fits into one instance of this message, the remaining information will be sent in other instances of this message.
· PSI 8 - This message is sent by the network on the PBCCH or PACCH to provide information about Cell Broadcast Channel configuration. If not all information fits into one instance of this message, the remaining information will be sent in other instances of this message.
· PSI 13 - This message is sent by the network on the PACCH or PCCCH to provide the mobile station with GPRS cell specific access-related information. The information in this message shall be the same as provided in the SI13 message on BCCH.
· PSI 14 - This message is sent by the network on the PACCH to provide a mobile station in dual transfer mode with GPRS access-related information.

· PSI 15 - This message is sent by the network on the PACCH to a mobile station with UTRAN capability. A mobile station with no UTRAN capability shall ignore this message.
4 System Configuration Examples

Examples of system configurations are examined in an attempt to identify the PBCCH capacity available for supporting additional PBCCH requirements for R5. It is assumed that one new PSI message will be sufficient for carrying all new PBCCH information required for R5 system operation. A transmission periodicity of 1 second for the new PSI message is the target. The transmission periodicity of all other PSI messages are as indicated for each of the cases considered.

The following is used in determining the periodicity of transmission of a complete PSI message which is sent using a radio block within a 52-multiframe: 

· One timeslot = 3/5200 seconds ((577 µs). 

· Eight timeslots = 1 TDMA frame = 24/5200 seconds (( 4.62 ms).

· A single 52-multiframe = 52 TDMA frames = 1248/5200 seconds = 240 ms.

Each PSI message is 23 octets long which includes 1 octet of overhead (Message Type – 6 bits and Page Mode – 2 bits).  This leaves 22 octets of payload space per PSI message.

4.1 Case 1

For this example the following assumptions have been made:

· The set of PSI messages to be sent on the PBCCH along with their associated target transmission period is as indicated in Table 2 below.

· PSI1_REPEAT_PERIOD = 5 which results in  TC = (FN DIV 52) mod 5

· BS_PBCCH_BLKS = 2 which results in each 52-multiframe providing 2 PBCCH blocks (i.e. B0 and B6)

· PSI_COUNT_HR = 7

· PSI_COUNT_LR = 2

Table 2 – Summary of PSI Messages Transmitted for Case 1

Message
Transmission Requirement
Transmission Conditions

PSI 1
Required
· Sent in B0 when TC = 0

· Sent in B6 when TC = 0 if the value of the parameter BS_PBCCH_BLKS is greater than 1

PSI 2
Required – 1 instance included
· Periodicity target = 1 second (HR)

PSI 3
Required – 1 instance included
· Periodicity target = 1 second (HR)

PSI 3bis
Required – 2 instances included
· Periodicity target = 1 second (HR)

PSI 3ter
Optional -  1 instance included
· Periodicity target = 1 second (HR)

PSI 3quater
Optional – 2 instances included
· Periodicity target = 1 second (HR)

PSI 4
Optional – 1 instance included
· Periodicity target = low repetition

PSI 5
Optional – 1 instance included
· Periodicity target = low repetition

PSI 6
Not Required


PSI 7
Not Required


PSI 8
Optional – not included


PSI 13
Optional - NA
· NA – not sent on PBCCH

PSI 14
Optional - NA
· NA – not sent on PBCCH

PSI 15
Optional - NA
· NA – not sent on PBCCH

Table 3 provides an indication of how the transmitted PSI messages can be mapped onto the available PBCCH blocks.

· Since there are no free blocks available a new PSI message cannot be supported for this case.

Table 3 – PBCCH B0 and B6 Utilization for Case 1

Instance of 

52-multi-frame



TC = 0
TC = 1
TC = 2
TC = 3
TC = 4

0 – 4 (B0)
PSI 1
PSI 2
PSI 3bis-1
PSI 3quater-1
PSI 3ter

0 –  4 (B6)
PSI 1
PSI 3
PSI 3bis-2
PSI 3quater-2
PSI 4

5 – 9 (B0)
PSI 1
PSI 2
PSI 3bis-1
PSI 3quater-1
PSI 3ter

5 – 9 (B6)
PSI 1
PSI 3
PSI 3bis-2
PSI 3quater-2
PSI 5

….
….
….
….
….
….

4.2 Case 2

For this example the following assumptions have been made:

· The set of PSI messages to be sent on the PBCCH along with their associated target transmission period is as indicated in Table 4 below.

· PSI1_REPEAT_PERIOD = 4 which results in  TC = (FN DIV 52) mod 4

· BS_PBCCH_BLKS = 3 which results in each 52-multiframe providing 3 PBCCH blocks (i.e. B0, B3 and B6)

· PSI_COUNT_HR = 9

· PSI_COUNT_LR = 0

Table 4 – Summary of PSI Messages Transmitted for Case 2

Message
Transmission Requirement
Transmission Conditions

PSI 1
Required
· Sent in B0 when TC = 0

· Sent in B6 when TC = 0 if the value of the parameter BS_PBCCH_BLKS is greater than 1

PSI 2
Required – 1 instance included
· Periodicity target = 1 second (HR)

PSI 3
Required – 1 instance included
· Periodicity target = 1 second (HR)

PSI 3bis
Required – 2 instances included
· Periodicity target = 1 second (HR)

PSI 3ter
Optional – 1 instance included
· Periodicity target = 1 second (HR)

PSI 3quater
Optional – 2 instances included
· Periodicity target = 1 second (HR)

PSI 4
Optional – 1 instance included
· Periodicity target = 1 second (HR)

PSI 5
Optional – 1 instance included
· Periodicity target = 1 second (HR)

PSI 6
Not Required


PSI 7
Not Required


PSI 8
Optional – not included


PSI 13
Optional - NA
· NA – not sent on PBCCH

PSI 14
Optional - NA
· NA – not sent on PBCCH

PSI 15
Optional - NA
· NA – not sent on PBCCH

Table 5 provides an indication of how the transmitted PSI messages can be mapped onto the available PBCCH blocks.

· The block marked as FREE in Table 5 for TC = 3 can be used to send a new PSI message with a periodicity of 1 second.

Table 5 – PBCCH B0, B3 and B6 Utilization for Case 2

Instance of 

52-multi-frame



TC = 0
TC = 1
TC = 2
TC = 3

0 – 3 (B0)
PSI 1
PSI 3
PSI 3ter
PSI 4

0 –  3 (B3)
PSI 2
PSI 3bis-1
PSI 3quater-1
PSI 5

0 –  3 (B6)
PSI 1
PSI 3bis-2
PSI 3quater-2
FREE

4 – 7 (B0)
PSI 1
PSI 3
PSI 3ter
PSI 4

4 – 7 (B3)
PSI 2
PSI 3bis-1
PSI 3quater-1
PSI 5

4 – 7 (B6)
PSI 1
PSI 3bis-2
PSI 3quater-2
FREE

….
….
….
….
….

4.3 Case 3

For this example the following assumptions have been made:

· The set of PSI messages to be sent on the PBCCH along with their associated target transmission period is as indicated in Table 6 below.

· PSI1_REPEAT_PERIOD = 4 which results in  TC = (FN DIV 52) mod 4

· BS_PBCCH_BLKS = 3 which results in each 52-multiframe providing 3 PBCCH blocks (i.e. B0, B3 and B6)

· PSI_COUNT_HR = 8

· PSI_COUNT_LR = 12

Table 6 – Summary of PSI Messages Transmitted for Case 3

Message
Transmission Requirement
Transmission Conditions

PSI 1
Required
· Sent in B0 when TC = 0

· Sent in B6 when TC = 0 if the value of the parameter BS_PBCCH_BLKS is greater than 1

PSI 2
Required – 2 instances included
· Periodicity target = 1 second (HR)

PSI 3
Required – 1 instance included
· Periodicity target = 1 second (HR)

PSI 3bis
Required – 11 instances included
· Periodicity target = LR

PSI 3ter
Optional – 1 instance included
· Periodicity target = 1 second (HR)

PSI 3quater
Optional – 1 instance included
· Periodicity target = 1 second (HR)

PSI 4
Optional – 1 instance included
· Periodicity target = 1 second (HR)

PSI 5
Optional – 1 instance included
· Periodicity target = 1 second (HR)

PSI 6
Not Required


PSI 7
Not Required


PSI 8
Optional – 1 instance included
· Periodicity target = LR

PSI 13
Optional - NA
· NA – not sent on PBCCH

PSI 14
Optional - NA
· NA – not sent on PBCCH

PSI 15
Optional - NA
· NA – not sent on PBCCH

Table 7 provides an indication of how the transmitted PSI messages can be mapped onto the available PBCCH blocks.

· The blocks marked as FREE in Table 7 for TC = 3 can be used to send a new PSI message with a periodicity of 1 second.

· A full set of LR PSI messages is sent every 24 multiframes (= 5.76 seconds)

Table 7 – PBCCH B0, B3 and B6 Utilization for Case 3

Instance of 

52-multi-frame



TC = 0
TC = 1
TC = 2
TC = 3

0 – 3 (B0)
PSI 1
PSI 2 - 2
PSI 3quater
FREE

0 –  3 (B3)
PSI 2 - 1
PSI 3
PSI 4
PSI 3bis - 1

0 –  3 (B6)
PSI 1
PSI 3ter
PSI 5
PSI 3bis - 2

4 – 7 (B0)
PSI 1
PSI 2 - 2
PSI 3quater
FREE

4 – 7 (B3)
PSI 2 - 1
PSI 3
PSI 4
PSI 3bis - 3

4 – 7 (B6)
PSI 1
PSI 3ter
PSI 5
PSI 3bis - 4

8 – 11 (B0)
PSI 1
PSI 2 - 2
PSI 3quater
FREE

8 – 11 (B3)
PSI 2 - 1
PSI 3
PSI 4
PSI 3bis - 5

8 – 11 (B6)
PSI 1
PSI 3ter
PSI 5
PSI 3bis - 6

12 – 15 (B0)
PSI 1
PSI 2 - 2
PSI 3quater
FREE

12 – 15 (B3)
PSI 2 - 1
PSI 3
PSI 4
PSI 3bis - 7

12 – 15 (B6)
PSI 1
PSI 3ter
PSI 5
PSI 3bis - 8

16 – 19 (B0)
PSI 1
PSI 2 - 2
PSI 3quater
FREE

16 – 19 (B3)
PSI 2 - 1
PSI 3
PSI 4
PSI 3bis - 9

16 – 19 (B6)
PSI 1
PSI 3ter
PSI 5
PSI 3bis - 10

20 – 23 (B0)
PSI 1
PSI 2 - 2
PSI 3quater
FREE

20 – 23 (B3)
PSI 2 - 1
PSI 3
PSI 4
PSI 3bis - 11

20 – 23 (B6)
PSI 1
PSI 3ter
PSI 5
PSI 8

…..
….
….
….
….

4.4 Case 4 (new)

This case is the same as case 3 except that 4 PBCCH blocks per multi-frame are considered. The following assumptions have been made:

· The set of PSI messages to be sent on the PBCCH along with their associated target transmission period is as indicated in Table 8 below.

· PSI1_REPEAT_PERIOD = 4 which results in  TC = (FN DIV 52) mod 4

· BS_PBCCH_BLKS = 4 which results in each 52-multiframe providing 4 PBCCH blocks (i.e. B0, B3, B6 and B9)
· PSI_COUNT_HR = 8

· PSI_COUNT_LR = 12

Table 8 – Summary of PSI Messages Transmitted for Case 4

Message
Transmission Requirement
Transmission Conditions

PSI 1
Required
· Sent in B0 when TC = 0

· Sent in B6 when TC = 0 if the value of the parameter BS_PBCCH_BLKS is greater than 1

PSI 2
Required – 2 instances included
· Periodicity target = 1 second (HR)

PSI 3
Required – 1 instance included
· Periodicity target = 1 second (HR)

PSI 3bis
Required – 11 instances included
· Periodicity target = LR

PSI 3ter
Optional – 1 instance included
· Periodicity target = 1 second (HR)

PSI 3quater
Optional – 1 instance included
· Periodicity target = 1 second (HR)

PSI 4
Optional – 1 instance included
· Periodicity target = 1 second (HR)

PSI 5
Optional – 1 instance included
· Periodicity target = 1 second (HR)

PSI 6
Not Required


PSI 7
Not Required


PSI 8
Optional – 1 instance included
· Periodicity target = LR

PSI 13
Optional - NA
· NA – not sent on PBCCH

PSI 14
Optional - NA
· NA – not sent on PBCCH

PSI 15
Optional - NA
· NA – not sent on PBCCH

Table 9 provides an indication of how the transmitted PSI messages can be mapped onto the available PBCCH blocks.

· The blocks marked as FREE in Table 9 for TC = 3 can be used to send a new PSI message with a periodicity of 1 second.

· A full set of LR PSI messages is sent every 8 multiframes (= 1.92 seconds)

Table 9 – PBCCH B0, B3, B6 and B9 Utilization for Case 4

Instance of 

52-multi-frame



TC = 0
TC = 1
TC = 2
TC = 3

0 – 3 (B0)
PSI 1
PSI 3
PSI 5
FREE

0 –  3 (B3)
PSI 2 - 1
PSI 3ter
PSI 3bis - 1
PSI 3bis - 4

0 –  3 (B6)
PSI 1
PSI 3quater
PSI 3bis - 2
PSI 3bis - 5

0 – 3 (B9)
PSI 2 - 2
PSI 4
PSI 3bis - 3
PSI 3bis - 6

4 – 7 (B0)
PSI 1
PSI 3
PSI 5
FREE

4 – 7 (B3)
PSI 2 - 1
PSI 3ter
PSI 3bis - 7
PSI 3bis - 10

4 – 7 (B6)
PSI 1
PSI 3quater
PSI 3bis - 8
PSI 3bis - 11

4 – 7 (B9)
PSI 2 - 2
PSI 4
PSI 3bis - 9
PSI 8

…..
….
….
….
….

4.5 Case 5 (new)

This case is the same as case 4 except that the PSI1_REPEAT_PERIOD has been increased to 5. The following assumptions have been made:

· The set of PSI messages to be sent on the PBCCH along with their associated target transmission period is as indicated in Table 10 below.

· PSI1_REPEAT_PERIOD = 5 which results in  TC = (FN DIV 52) mod 5

· BS_PBCCH_BLKS = 4 which results in each 52-multiframe providing 4 PBCCH blocks (i.e. B0, B3, B6 and B9)

· PSI_COUNT_HR = 8

· PSI_COUNT_LR = 12

Table 10 – Summary of PSI Messages Transmitted for Case 5

Message
Transmission Requirement
Transmission Conditions

PSI 1
Required
· Sent in B0 when TC = 0

· Sent in B6 when TC = 0 if the value of the parameter BS_PBCCH_BLKS is greater than 1

PSI 2
Required – 2 instances included
· Periodicity target = 1 second (HR)

PSI 3
Required – 1 instance included
· Periodicity target = 1 second (HR)

PSI 3bis
Required – 11 instances included
· Periodicity target = LR

PSI 3ter
Optional – 1 instance included
· Periodicity target = 1 second (HR)

PSI 3quater
Optional – 1 instance included
· Periodicity target = 1 second (HR)

PSI 4
Optional – 1 instance included
· Periodicity target = 1 second (HR)

PSI 5
Optional – 1 instance included
· Periodicity target = 1 second (HR)

PSI 6
Not Required


PSI 7
Not Required


PSI 8
Optional – 1 instance included
· Periodicity target = LR

PSI 13
Optional - NA
· NA – not sent on PBCCH

PSI 14
Optional - NA
· NA – not sent on PBCCH

PSI 15
Optional - NA
· NA – not sent on PBCCH

Table 11 provides an indication of how the transmitted PSI messages can be mapped onto the available PBCCH blocks.

· The blocks marked as FREE in Table 11 for TC = 4 can be used to send a new PSI message with a periodicity of 1.2 seconds. In this example up to 5 new PSI messages could be transmitted with a 1.2 second periodicity.

· A full set of LR PSI messages is sent every 10 multiframes (= 2.4 seconds)

Table 11 – PBCCH B0, B3, B6 and B9 Utilization for Case 5

Instance of 

52-multi-frame



TC = 0
TC = 1
TC = 2
TC = 3

TC = 4

0 – 4 (B0)
PSI 1
PSI 3
PSI 5
PSI 3bis - 4
FREE

0 –  4 (B3)
PSI 2 - 1
PSI 3ter
PSI 3bis - 1
PSI 3bis - 5
FREE

0 –  4 (B6)
PSI 1
PSI 3quater
PSI 3bis - 2
PSI 3bis - 6
FREE

0 – 4 (B9)
PSI 2 - 2
PSI 4
PSI 3bis - 3
FREE
FREE

5 – 9 (B0)
PSI 1
PSI 3
PSI 5
PSI 3bis - 10
FREE

5 – 9 (B3)
PSI 2 - 1
PSI 3ter
PSI 3bis - 7
PSI 3bis - 11
FREE

5 – 9 (B6)
PSI 1
PSI 3quater
PSI 3bis - 8
PSI 8
FREE

5 – 9 (B9)
PSI 2 - 2
PSI 4
PSI 3bis - 9
FREE
FREE

…..
….
….
….



5 Conclusion

The examples of system configurations considered in section 4 above are based on the assumption that a single new PSI message will be sufficient for supporting the new broadcast payload information required for R5.  When this assumption is combined with a transmission periodicity target of 1 second for the new broadcast payload information, the following observations can be made based on the most realistic cases considered (i.e. cases 3, 4 and 5):

· If 3 PBCCH blocks are provided per 52-multiframe and a PSI1_REPEAT_PERIOD of 4 is used then a transmission periodicity of 1 second can be achieved for one new PSI message along with a LR message periodicity of about 5.76 seconds (see case 3). 

· If 4 PBCCH blocks are provided per 52-multiframe and a PSI1_REPEAT_PERIOD of 4 is used then a transmission periodicity of 1 second can be achieved for one new PSI message along with a LR message periodicity of about 1.92 seconds (see case 4). 

· If 4 PBCCH blocks are provided per 52-multiframe and a PSI1_REPEAT_PERIOD of 5 is used then a transmission periodicity of 1.2 seconds can be achieved for up to 5 new PSI messages along with a LR message periodicity of 2.4 seconds (see case 5). 

6 Open Issues

· What is the upper limit on the periodicity of PSI messages?  The working assumption is that a periodicity of about 1 second is required. 
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