PBCCH System Information



Introduction

In previous GERAN WG2 meetings the available capacity on the PBCCH has been reviewed in "PBCCH Capacity" [1]. At GERAN WG2#7bis, an initial review of the amount of Broadcast Assistance Data for LCS was described [2]. This paper presents a way to provide the Broadcast Assistance Data on the PBCCH within the available capacity.



Discussion

It has been said [3] that "LCS broadcast capacity requirements can be more than adequately supported within a new PSI message sent at a low repetition rate." While a PSI message sent at a low repetition rate (i.e. conforming to either Case 4 or Case 5 in [1]) will provide adequate raw data transmission capacity, the characteristics of Low Repetition rate transmission would place unacceptable requirements on a MS implementing LCS. Since the LR messages are scheduled in a way that the entire LR broadcast cycle repeats over multiple 52-multiframes according to PSI1_REPEAT_PERIOD, the MS would be forced to continually read the LR stream, since it cannot determine the actual placement of broadcast for each LR PSI message instance. This leads to a condition where a mobile requiring LCS Broadcast Assistance data would have to receive all PSI messages continuously. This will have a big negative impact on power consumption.



Because PSI messages broadcast in HR group are always broadcast in the same place inside the PSI1_REPEAT_PERIOD, this means that an MS can just go and receive these and only these messages in the PSI schedule (after receiving these messages for first time). Therefore, in order to overcome the limitations of LR repetition rate, a new PSI message sent at a high repetition rate is described. According to the available capacity on the PBCCH, Case 5 [1] is considered. The required broadcast capacity has been described in [2], where it was seen that the requireents are



246 octets / 30 s�E-OTD��82 octets / 30 s�DGPS��82 octets / 30 s�Ephemeris and Clock Correction��82 octets / 30 s�Almanac and Other��

According to Case 5 parameters, a HR PSI message will be repeated every 1.2 s. Therefore, in 30 s the MS will read the PSI message 25 times. This is a reference value.



For E-OTD, 246 octets must be delivered to the MS in order to deliver the full E-OTD data set. If 20 octets of payload are available in each delivery of the PSI message, then the PSI message must be received 13 times in order to receive the maximum set of E-OTD data.



For DGPS, 82 octets must be delivered to the MS in order to deliver the DGPS data. If 20 octets of payload are available in each delivery of the PSI message, then the PSI message must be received 5 times in order to receive the DGPS data.



For Ephemeris and Clock Corrections, 82 octets must be delivered to the MS in order to deliver the Ephemeris data set. If 20 octets of payload are available in each delivery of the PSI message, then the PSI message must be received 5 times in order to receive the Ephemeris and Clock Corrections.



For Almanac and Other Data, 82 octets must be delivered to the MS in order to deliver the Amanac data set. If 20 octets of payload are available in each delivery of the PSI message, then the PSI message must be received 5 times in order to receive the Almanac and Other Data.



Since the contents of the PSI message changes with each delivery, an indexing scheme must be included to allow the MS to decode the information from the PSI message. This consists of a 5-bit Index value to completely define the contents of the PSI message, a 5-bit Count value to indicate the total repetitions of the PSI message required to deliver the complete data set, and a 4-bit Sub-Index value to indicate the total amount of data for sub sections (E-OTD, DGPS, Ephmeris, Almanac). A 2-bit Version field allows for future expansion.



PSI1_REPEAT_PERIOD has a maximum value (=delivery rate of 1 HR PSI message instance) of 3.84 s.

In order to allow the system operator maximum flexibility in system deployment, it is desireable that the new PSI message not be rigidly attached to a PSI1_REPEAT_PERIOD of 1.2 s. By including PSIm_INDEX and PSIm_COUNT with 2 bits each, up to 4 instances of the PSIm message can be supported.



Summarizing the Header information, a single new PSIm message may be constructed as follows which will delivery all of the LCS Broadcast Assistance Data:



2-bits�Page Mode��2-bits�Change Mark��2-bits�PSI INDEX (for Instances)��2-bits�PSI COUNT (for Instances)��5-bits�Count (no. receptions needed for complete Assistance Data Set)��5-bits�Index (completely defines content of current delivery of PSI message)��4-bits�Sub_Count (no. receptions needed to receive sub-data set)��2-bits�Version (allows 4 different sets of data defined by Index)��



The following Table shows the allocation of octets and header information. Section 5 below contains illustrative examples of the PSIm message. Section 6 contains the definition of Index.





Octet�Contents��1 : Page Mode (2), Change Mark (2), PSIm_INDEX(2), PSIm_COUNT(2)	����������2 : Version (2), Count(5)����������3 : Index (5 bit), Sub-Count(4)����������4 : Payload���5 : Payload���6 : Payload���7 : Payload���8 : Payload���9 : Payload���10 : Payload���11 : Payload���12 : Payload���13 : Payload���14 : Payload���15 : Payload���16 : Payload���17 : Payload���18 : Payload���19 : Payload���20 : Payload���21 : Payload���22 : Payload���23 : Payload���





Taking CASE 5 from G2-020038 [1], and adding in the LCS Broadcast Assistance Data we have:



Case 5

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 = 79

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��PSI n�Required - 1 instance included�Periodicity target = 1 second (HR) GERAN��PSI m�Optional - 1 instance included�Periodicity target = 1 second (HR) LCS��

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 new HR PSI messages with a periodicity of 1.2 seconds. In this example up to 5 3 new HR 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�FREE�PSI 3bis - 3��0 –  4 (B3)�PSI 2 - 1�PSI 3ter�FREEPSI n�FREE�PSI 3bis - 4��0 –  4 (B6)�PSI 1�PSI 3quarter�FREEPSI m�PSI 3bis - 1�PSI 3bis - 5��0 – 4 (B9)�PSI 2 - 2�PSI 4�FREE�PSI 3bis - 2�PSI 3bis - 6��5 – 9 (B0)�PSI 1�PSI 3�PSI 5�FREE�PSI 3bis - 9��5 – 9 (B3)�PSI 2 - 1�PSI 3ter�FREEPSI n�FREE�PSI 3bis - 10��5 – 9 (B6)�PSI 1�PSI 3quarter�FREEPSI m�PSI 3bis - 7�PSI 3bis - 11��5 – 9 (B9)�PSI 2 - 2�PSI 4�FREE�PSI 3bis - 8�PSI 8��…..�….�….�….����

Conclusion / Recommendation

It is recommended that a new PSI message, as described in Section 2, be included in Release 5 to deliver LCS Broadcast Assistance Data on the PBCCH.
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Informative Appendix

The following illustrate how the E-OTD, DGPS, Ephemeris and Almanac messages are delivered according to the values of Count, Index, and Sub_Count. 

Delivery of the PSIm message is assumed as in Case 5, with a delivery rate of ~1 second.

PSIm_INDEX :	0

PSIm_COUNT:	0

Count:	20	(82 octets of E-OTD Data, 20 deliveries total)

Index:	0	(First delivery of PSIm message)

		( Octets 0-19 of E-OTD data)

Sub_Count	5	(82 octets of E-OTD Data)

1 : Header���2 : Header���3 : Header���4 : E-OTD Payload (0)���…���23 : E-OTD Payload (19)���

PSIm_INDEX :	0

PSIm_COUNT:	0

Count:	20	(82 octets of E-OTD Data, 20 deliveries total)

Index:	1	(2nd delivery of PSIm message)

		( Octets 20-39 of E-OTD data)

Sub_Count	5	(82 octets of E-OTD Data)

1 : Header���2 : Header���3 : Header���4 : E-OTD Payload (20)���…���23 : E-OTD Payload (39)���

PSIm_INDEX :	0

PSIm_COUNT:	0

Count:	20	(82 octets of E-OTD Data, 20 deliveries total)

Index:	2	(3rd delivery of PSIm message)

		( Octets 40-59 of E-OTD data)

Sub_Count	5	(82 octets of E-OTD Data)

1 : Header���2 : Header���3 : Header���4 : E-OTD Payload (40)���…���23 : E-OTD Payload (59)���

PSIm_INDEX :	0

PSIm_COUNT:	0

Count:	20	(82 octets of E-OTD Data, 20 deliveries total)

Index:	3	(4th delivery of PSIm message)

		( Octets 60-79 of E-OTD data)

Sub_Count	5	(82 octets of E-OTD Data)

1 : Header���2 : Header���3 : Header���4 : E-OTD Payload (60)���…���23 : E-OTD Payload (79)���

PSIm_INDEX :	0

PSIm_COUNT:	0

Count:	20	(82 octets of E-OTD Data, 20 deliveries total)

Index:	4	(5th delivery of PSIm message)

		( Octets 80-81 of E-OTD data)

Sub_Count	5	(82 octets of E-OTD Data)

1 : Header���2 : Header���3 : Header���4 : E-OTD Payload (80)���5 : E-OTD Payload (81)���6 : Blank���… ���23 : Blank���

PSIm_INDEX :	0

PSIm_COUNT:	0

Count:	20	(82 octets of E-OTD Data, 20 deliveries total)

Index:	15	(6th delivery of PSIm message)

		( Octets 0-19 of DGPS data)

Sub_Count	12	(12 satellites of DGPS Data)

1 : Header���2 : Header���3 : Header���4 : DGPS Payload (0)���…���23 : DGPS Payload (19)���

PSIm_INDEX :	0

PSIm_COUNT:	0

Count:	20	(82 octets of E-OTD Data, 20 deliveries total)

Index:	16	(7th delivery of PSIm message)

		( Octets 20-39 of DGPS data)

Sub_Count	12	(12 satellites of DGPS Data)

1 : Header���2 : Header���3 : Header���4 : DGPS Payload (20)���…���23 : DGPS Payload (39)���

PSIm_INDEX :	0

PSIm_COUNT:	0

Count:	20	(82 octets of E-OTD Data, 20 deliveries total)

Index:	17	(8th delivery of PSIm message)

		( Octets 40-59 of DGPS data)

Sub_Count	12	(12 satellites of DGPS Data)

1 : Header���2 : Header���3 : Header���4 : DGPS Payload (40)���…���23 : DGPS Payload (59)���

PSIm_INDEX :	0

PSIm_COUNT:	0

Count:	20	(82 octets of E-OTD Data, 20 deliveries total)

Index:	18	(9th delivery of PSIm message)

		( Octets 60-79 of DGPS data)

Sub_Count	12	(12 satellites of DGPS Data)

1 : Header���2 : Header���3 : Header���4 : DGPS Payload (60)���…���23 : DGPS Payload (79)���

PSIm_INDEX :	0

PSIm_COUNT:	0

Count:	20	(82 octets of E-OTD Data, 20 deliveries total)

Index:	19	(10th delivery of PSIm message)

		( Octets 80-81 of DGPS data)

Sub_Count	12	(12 satellites of DGPS Data)

1 : Header���2 : Header���3 : Header���4 : DGPS Payload (80)���…���23 : DGPS Payload (81)���

PSIm_INDEX :	0

PSIm_COUNT:	0

Count:	20	(82 octets of E-OTD Data, 20 deliveries total)

Index:	20	(11th delivery of PSIm message)

		( Octets 0-19 of Ephemeris data)

Sub_Count	x	(x satellites of Ephemeris Data)

1 : Header���2 : Header���3 : Header���4 : Ephemeris Payload (0)���…���23 : Ephemeris Payload (19)���

PSIm_INDEX :	0

PSIm_COUNT:	0

Count:	20	(82 octets of E-OTD Data, 20 deliveries total)

Index:	21	(12th delivery of PSIm message)

		( Octets 20-39 of Ephemeris data)

Sub_Count	x	(x satellites of Ephemeris Data)

1 : Header���2 : Header���3 : Header���4 : Ephemeris Payload (20)���…���23 : Ephemeris Payload (39)���

PSIm_INDEX :	0

PSIm_COUNT:	0

Count:	20	(82 octets of E-OTD Data, 20 deliveries total)

Index:	22	(13th delivery of PSIm message)

		( Octets 40-59 of Ephemeris data)

Sub_Count	x	(x satellites of Ephemeris Data)

1 : Header���2 : Header���3 : Header���4 : Ephemeris Payload (40)���…���23 : Ephemeris Payload (59)���

PSIm_INDEX :	0

PSIm_COUNT:	0

Count:	20	(82 octets of E-OTD Data, 20 deliveries total)

Index:	23	(14th delivery of PSIm message)

		( Octets 60-79 of Ephemeris data)

Sub_Count	x	(x satellites of Ephemeris Data)

1 : Header���2 : Header���3 : Header���4 : Ephemeris Payload (60)���…���23 : Ephemeris Payload (79)���

PSIm_INDEX :	0

PSIm_COUNT:	0

Count:	20	(82 octets of E-OTD Data, 20 deliveries total)

Index:	24	(15th delivery of PSIm message)

		( Octets 80-81 of Ephemeris data)

Sub_Count	x	(x satellites of Ephemeris Data)

1 : Header���2 : Header���3 : Header���4 : Ephemeris Payload (80)���5 : Ephemeris Payload (81)���6 : Blank���…���23 : Blank���

PSIm_INDEX :	0

PSIm_COUNT:	0

Count:	20	(82 octets of E-OTD Data, 20 deliveries total)

Index:	25	(16th delivery of PSIm message)

		( Octets 0-19 of Almanac data)

Sub_Count	x	(x satellites of Almanac Data)

1 : Header���2 : Header���3 : Header���4 : Almanac Payload (0)���…���23 : Almanac Payload (19)���

PSIm_INDEX :	0

PSIm_COUNT:	0

Count:	20	(82 octets of E-OTD Data, 20 deliveries total)

Index:	26	(17th delivery of PSIm message)

		( Octets 20-39 of Almanac data)

Sub_Count	x	(x satellites of Almanac Data)

1 : Header���2 : Header���3 : Header���4 : Almanac Payload (20)���…���23 : Almanac Payload (39)���

PSIm_INDEX :	0

PSIm_COUNT:	0

Count:	20	(82 octets of E-OTD Data, 20 deliveries total)

Index:	27	(18th delivery of PSIm message)

		( Octets 40-59 of Almanac data)

Sub_Count	x	(x satellites of Almanac Data)

1 : Header���2 : Header���3 : Header���4 : Almanac Payload (40)���…���23 : Almanac Payload (59)���

PSIm_INDEX :	0

PSIm_COUNT:	0

Count:	20	(82 octets of E-OTD Data, 20 deliveries total)

Index:	28	(19th delivery of PSIm message)

		( Octets 60-79 of Almanac data)

Sub_Count	x	(x satellites of Almanac Data)

1 : Header���2 : Header���3 : Header���4 : Almanac Payload (60)���…���23 : Almanac Payload (79)���

PSIm_INDEX :	0

PSIm_COUNT:	0

Count:	20	(82 octets of E-OTD Data, 20 deliveries total)

Index:	29	(20th delivery of PSIm message)

		( Octets 80-81 of Almanac data)

Sub_Count	x	(x satellites of Almanac Data)

1 : Header���2 : Header���3 : Header���4 : Almanac Payload (80)���5 : Almanac Payload (81)���6 : Blank���…���23 : Blank���

�Definition of Index

Content�Index��E-OTD Octets 0-19 (1st 82 oct)�0��E-OTD Octets 20-39�1��E-OTD Octets 40-59�2��E-OTD Octets 60-79�3��E-OTD Octets 80-81�4��E-OTD Octets 0-19 (2nd 82 oct)�5��E-OTD Octets 20-39�6��E-OTD Octets 40-59�7��E-OTD Octets 60-79�8��E-OTD Octets 80-81�9��E-OTD Octets 0-19 (3rd 82 oct)�10��E-OTD Octets 20-39�11��E-OTD Octets 40-59�12��E-OTD Octets 60-79�13��E-OTD Octets 80-81�14��DGPS Octets 0-19�15��DGPS Octets 20-39�16��DGPS Octets 40-59�17��DGPS Octets 60-79�18��DGPS Octets 80-81�19��Ephemeris Octets 0-19�20��Ephemeris Octets 20-39�21��Ephemeris Octets 40-59�22��Ephemeris Octets 60-79�23��Ephemeris Octets 80-81�24��Almanac 0-19�25��Almanac 20-39�26��Almanac 40-59�27��Almanac 60-79�28��Almanac 80-81�29��
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