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BCCH capacity analysis for MBMS notifications

1. Introduction

A number of contributions have raised concerns with supporting MBMS without the packet control channels. This discussion paper tries to identify BCCH capacity available for supporting MBMS notifications on BCCH.

2. Mapping of BCCH information

In order to facilitate MS operation, current systems require that some SI messages be transmitted in specific multiframes within an overall sequence of multiframes using defined radio blocks as shown in Table 1 below where TC = (FN DIV 51) mod (8) and where FN is the TDMA Frame Number.

The following is a list of current requirements for minimum scheduling of SI messages. Note that the network is free to transmit any SI message when scheduling requirements do not require the transmission of any specific SI message.

i. When used, BCCH extended may share the same downlink resource with PCH and AGCH. The channels are shared on a block by block basis, and information within each block, when de‑interleaved and decoded allows a mobile to determine whether the block contains paging messages, system information messages or access grants. There are 10 blocks in total available for a 51-multiframe:

· 1 block is always dedicated for BCCH (BCCH Normal)

· 1 block may be allocated for BCCH extended (i.e. used only for BCCH extended or BCCH extended shared with AGCH

· 8 blocks allocated for PCH and AGCH

The number of blocks not used for paging (BS_AG_BLKS_RES) starting from, and including block number 0 is broadcast in the BCCH. The number of paging blocks per 51-multiframe considered to be "available" for paging shall be reduced by the number of blocks indicated as reserved for access grant messages by BS_AG_BLKS_RES. If system information is sent on BCCH extended, BS_AG_BLKS_RES shall be set to a value greater than zero.

ii. SI 1 need only be sent if frequency hopping is in use or when the NCH (Notification Channel) is present in a cell.  The NCH is present only on the downlink and is used to notify mobile stations of voice group and voice broadcast calls. If the MS finds another message when TC = 0, it can assume that SI 1 is not in use.

iii. An SI 2 message will be sent at least every time TC = 1. SI 2 bis or SI 2 ter messages are sent if needed, as determined by the system operator. If only one of them is needed, it is sent when TC = 5. If both are needed, SI 2bis is sent when TC = 5 and SI 2ter is sent at least once within any of 4 consecutive occurrences of TC = 4. SI 2 quater is sent if needed, as determined by the system operator. If sent on BCCH Norm, it shall be sent when TC = 5 if neither SI 2bis or SI 2ter are used, otherwise it shall be sent at least once within any of 4 consecutive occurrences of TC = 4. If sent on BCCH extended, it is sent at least once within any of 4 consecutive occurrences of TC = 5.

iv. BCCH normal is always sent on channel C0 using timelsots 0, 2, 4 or 6. For any selected timeslot, block 0 (i.e. TDMA frames 2, 3, 4 and 5 of any given 51-multiframe) shall always be used to transmit SI messages carried on BCCH normal.

v. BCCH extended. is always sent on channel C0 using timelsots 0, 2, 4 or 6. For any selected timeslot, block 1 (i.e. TDMA frames 6, 7, 8 and 9 of any given 51-multiframe)  shall always be used to transmit SI messages carried on BCCH normal.

vi. SI 7 and SI 8 are not always needed. Both are needed if SI 4 does not contain all information needed for cell selection and reselection. When needed they are sent using BCCH extended.

vii. If SI 3 indicates that scheduling information is provided using SI 9 then SI 9 is sent as follows:

· SI 9 is sent when ((FN DIV 51) mod (8) = 4.

· SI 9 is sent when ((FN DIV 51) DIV 8) mod (n+1)) = 0, where n is the value encoded in binary in the 3 bit “WHERE” field included in SI 3 (i.e. n = 0…7).

viii. SI 13 need only be sent if GPRS support is indicated in one or more of SI 3, SI 4, SI 7 or SI8 messages. These messages also indicate if SI 13 is sent on the BCCH normal or BCCH extended. In the case where it is sent on the BCCH normal it is sent at least once within any of 4 consecutive occurrences of TC = 4. In the case where it is sent on the BCCH extended. it is sent when TC = 0.

ix. System Information type 16 and 17 are only related to the SoLSA service.

x. System Information type 18 and 20 are sent in order to transmit non-GSM broadcast information. The frequency with which they are sent is determined by the system operator.  System Information type 9 identifies the scheduling of System Information type 18 and 20 messages.

xi. System Information Type 19 is sent if COMPACT neighbours exist. If System Information Type 19 is present, then its scheduling shall be indicated in System Information Type 9.

xii. System Information Type 15 is broadcast if dynamic ARFCN mapping is used in the PLMN. If sent on BCCH normal, it is sent at least once within any of 4 consecutive occurrences of TC = 4. If sent on BCCH extended, it is sent at least once within any of 4 consecutive occurrences of TC = 1.
Table 1 Current Requirements for Fixed Mapping of BCCH Information.

	Message
	Transmission Requirement
	Transmission Conditions
	BCCH Used

	SI 1
	Required

(when frequency hopping is used)
	Sent when TC = 0
	BCCH Norm

	SI 2
	Required
	Sent when TC = 1
	BCCH Norm

	SI 2 bis
	Optional
	Sent when TC = 5
	BCCH Norm

	SI 2 ter
	Optional
	· Sent when TC = 5 if SI 2bis is not sent.

· Sent at least every 4th instance of TC = 4 if SI 2bis is sent.
	BCCH Norm

	SI 2 quater
	Optional

(used for UTRAN neighbours cells)
	· Sent when TC = 5 on BCCH Norm if SI 2bis and SI 2ter are not sent.

· Sent at least every 4th instance of TC = 4 on BCCH Norm if SI 2bis or SI 2ter is sent.

· Sent at least every 4th instance of TC = 5 on BCCH Ext.
	BCCH Norm
or
BCCH Ext.

	SI 3
	Required
	Sent when TC = 2 and TC = 6
	BCCH Norm

	SI 4
	Required
	Sent when TC = 3 and TC = 7
	BCCH Norm

	SI 5
	X
	NA - Sent on SACCH
	SACCH

	SI 5bis
	X
	NA - Sent on SACCH
	SACCH

	SI 5ter
	X
	NA - Sent on SACCH
	SACCH

	SI 6
	X
	NA - Sent on SACCH
	SACCH

	SI 7
	Optional               (sent if extension of SI4 is needed)
	Sent when TC = 7
	BCCH Ext.

	SI 8
	Optional               (sent if extension of SI4 is needed)
	Sent When TC = 3
	BCCH Ext.

	SI 9
	Optional

(when SI 3 indicates there is scheduling info in SI 9)
	· Sent when TC = 4 and when ((FN DIV 51) DIV 8) mod (n+1)) = 0  (i.e. sent every (n+1)th instance of TC = 4)
	BCCH Norm

	SI 13
	Required

(when GPRS is supported)
	· Sent at least every 4th instance of TC = 4 on BCCH Norm.

· Sent when TC = 0 on BCCH Ext.
	BCCH Norm

or

BCCH Ext.

	SI 14
	X
	NA - Sent on SACCH
	SACCH

	SI 15
	Optional 
(if dynamic ARFCN mapping is used)
	· Sent at least every 4th instance of TC = 4 on BCCH Norm.

· Sent at least every 4th instance of TC = 1 on BCCH Ext.
	BCCH Norm

or

BCCH Ext.

	SI 16
	Optional

(used if SoLSA service is supported)
	Sent when TC = 6
	BCCH Ext.

	SI 17
	Optional

(used if SoLSA service is supported)
	Sent when TC = 2
	BCCH Ext.

	SI 18
	Not Required

(used if  EGPRS-136 service is supported)
	Not fixed
	Not fixed

	SI 19
	Not Required

(used if COMPACT neighbours exist)
	Not Fixed
	Not Fixed

	SI 20
	Not Required

(used if  EGPRS-136 service is supported)
	Not fixed
	Not fixed


3. Space and delay Calculations

3.1 Only BCCH normal is used

In the following Table 2 is illustrated which system information message are sent and how frequently. In this case the assumption is to send only the critical system information and as compact as possible meaning that SI 2 quater and SI 13 are repeated with the minimum frequency (every ~7.5s). In the appendix is shown the scheduling of SI messages in two different cases. As can be seen in Table 4 if BCCH normal is only allocated there are only two places free where the new SI message can be sent. This means that the repetition period of the new message is about 3.8s. Anyhow in the current live networks it is more likely that SI 13 and SI 2 quater are sent more often than the specified minimum intervals to offer better service e.g. in GPRS cell reselection and inter system reselection cases.

	Message
	Transmission Status

	SI 1
	Included

	SI 2
	Included

	SI 2bis
	Not Included

	SI 2ter
	Included

	SI 2 quater
	Included (sent at every 4th instance of TC = 4)

	SI 3
	Included

	SI 4
	Included

	SI 7
	Not Included

	SI 8 
	Not Included

	SI 9
	Not Included

	SI 13
	Included (sent at every 4th instance of TC = 4)

	SI 15
	Not Included

	SI 16
	Not Included

	SI 17
	Not Included


Table 2 BCCH normal utilization case.

3.2 BCCH normal and BCCH extended are used

The BCCH extended has been standardised to offer more capacity to transfer system information. As mentioned earlier BCCH extended may share the same downlink resource with PCH, NCH and AGCH. The channels are shared on a block by block basis, and information within each block, when de‑interleaved and decoded allows a mobile to determine whether the block contains paging messages, notification message, system information messages or access grants. Anyhow in the [1] is specified that the number of blocks not used for paging (BS_AG_BLKS_RES) starting from, and including block number 0 is broadcast in the BCCH. The number of paging blocks per 51-multiframe considered to be "available" for paging shall be reduced by the number of blocks indicated as reserved for access grant messages by BS_AG_BLKS_RES. If system information is sent on the BCCH extended, BS_AG_BLKS_RES shall be set to a value greater than zero. This means that if e.g. CCCH is combined with SDCCH then the use of the BCCH extended reduces the paging capacity to one block instead of three 3 blocks since one block is usually used for access grants. If the SDCCH is allocated on own traffic channel then the use of BCCH extended reduces paging capacity by one ninth. Anyhow it is possible that a operator reserves a fixed number of blocks for the AGCH that may not be used as the PCH whether the BCCH extended is allocated or not. This means that the use of BCCH extended is not only factor that can reduce paging the capacity of a system.

In the following Table 3 is presented which system information messages are sent in BCCH extended utilization case. In this case the number of the SI messages is higher and the repetion rate of critical messages like SI13 and SI2quater (every ~1.9s) is also in a maximal level to offer good system performance. As can be seen from the Table 4 there are three free places to send a new system information message with the maximum repetition rate (every ~1.9s).

	Message
	Transmission Status

	SI 1
	Included

	SI 2
	Included

	SI 2bis
	Included

	SI 2ter
	Included

	SI 2quater
	Included (sent at every instance of TC = 4)

	SI 3
	Included

	SI 4
	Included

	SI 7
	Included

	SI 8 
	Included

	SI 9
	Not Included

	SI 13
	Included (sent at every instance of TC = 0)

	SI 15
	Not Included

	SI 16
	Not Included

	SI 17
	Not Included


Table 3 BCCH extended utilization case.

4. Conclusion

In this paper has been illustrated the current capacity of BCCH normal and extended with the realistic system configurations. By using only BCCH normal a new SI message can be repeated every 3.8s with assumption that GPRS and UTRAN system information is repeated every 7.5s. 

If the BCCH extended is also used then the system information capacity is doubled. Based on the calculation presented in this paper there is a possibility to send new SI message with the highest repetition rate (every 1.9s) on the BCCH extended. It shall also be noted that a network is free to transmit any SI message when scheduling requirements do not require the transmission of any specific SI message.

The use of the BCCH extended means that one CCCH block in 51-multiframe is used for the AGCH, BCCH extended or NCH and cannot be used for the PCH. Anyhow an operator has always possibility to reserve CCCH blocks for the AGCH so this means that since the AGCH and the BCCH extended can be allocated block by block system paging capacity is not necessarily reduced.
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Table 4 Scheduling of SI messages on BCCH normal and BCCH normal & extended.
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