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Sending Extended ACB on BCCH
1 Introduction
While in idle mode an MS shall attempt to decode the full BCCH data of its serving cell about once every 30 seconds or as often as possible for the case where the system information scheduling period exceeds 30 seconds. With the introduction of extended access class barring (EACB) in support of MTC, mobile stations capable of MTC operation may be required EACB information from the BCCH with a reduced periodicity as discussed in a companion paper titled “Periodicity of Extended ACB on BCCH”. Assuming the reduced periodicity requirement is in the range of once every 2 to 4 seconds and that the volume of EACB information will never exceed 160 bits, the suitability of using only BCCH Normal and BCCH Normal along with BCCH Extended is examined.
2 Fixed Mapping of BCCH Information

In order to facilitate MS operation it is necessary to transmit some System Information messages within specific 51-multiframes within modulo-8 sequences of 51-multiframes and within pre-defined radio blocks within a given 51-multiframe as shown in Table 1 below where TC = (FN DIV 51) mod (8) where FN is the TDMA Frame Number.

The following is a list of 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:

· Block Dedicated - BCCH Normal (consisting of one radio block sent every 51-multiframe i.e. every 235.4 ms).

· Block 0 - BCCH Extended or BCCH Extended shared with PCH and AGCH

· Blocks 1 through 8 – PCH and AGCH

 
However, to ensure a mobile satisfactory access to the system, a variable number of the available blocks in each 51-multiframe can be reserved for access grants and system information messages only. 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 2bis or SI 2ter 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 2quater is sent if needed, as determined by the system operator. If sent on BCCH Norm, it shall be sent when TC = 5 if neither SI2bis 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 Ext, it is sent at least once within any of 4 consecutive occurrences of TC = 5.

(iv)
BCCH Norm 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 Norm. 

BCCH Ext. 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 Norm.

(v)
SI 7 and SI 8 are not always needed. One or both are needed if SI 4 does not contain all information needed for cell selection and reselection. When needed they are sent using BCCH Ext.

(vi)
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).

(vii)
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 Norm or BCCH Ext. In the case where it is sent on the BCCH Norm 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 Ext. it is sent when TC = 0.

(viii)
System Information type 16 and 17 are only related to the SoLSA service.

(ix)
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.

(x)
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.

(xi)
System Information Type 15 is broadcast if dynamic ARFCN mapping is used in the PLMN. If sent on BCCH Norm, it is sent at least once within any of 4 consecutive occurrences of TC = 4. If sent on BCCH Ext, it is sent at least once within any of 4 consecutive occurrences of TC = 1.

	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 2bis
	Optional
	Sent when TC = 5
	BCCH Norm

	SI 2ter
	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 2quater
	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
	Required             (when extension of SI4 is needed)
	Sent when TC = 7
	BCCH Ext.

	SI 8
	Required             (when 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.

	Type 16
	Not Required

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

	Type 17
	Not Required

(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

	Type 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


Table 1 – Current Requirements for Fixed Mapping of BCCH Information
3 BCCH Capacity Examples

Examples of system configurations are examined in an attempt to identify the BCCH capacity available for supporting additional BCCH requirements imposed by the volume of information needed for EACB.  It is assumed that one new SI message is sufficient for carrying all new BCCH information required but allowing multiple new SI messages to be defined for this feature may be possible depending on the target interval is for the reduced periodicity of BCCH data carrying EACB information.  Based on the assumption that a single new SI message will be required for supporting the volume of information needed for EACB, the maximum transmission periodicity of a new SI message is calculated in the examples provided.

Each SI message is 23 octets long which includes 3 octets of overhead (L2 Pseudo Length – 1 octet, RR management Protocol Discriminator – ½ octet, Skip Indicator – ½ octet and Message Type – 1 octet).  This leaves 20 octets of payload space per SI message.

3.1
Use Case 1

For this use case BCCH Ext. is not supported and the set of required SI messages to be transmitted using BCCH Norm are listed below. For Table 2 below TC = ((FN DIV 51) mod (8).

· SI 1

· SI 2

· SI 2bis

· SI2quater

· SI 3

· SI 4

· SI 13

	Instance of 

51-multi-frame
	Block Dedicated Content

	
	TC = 0
	TC = 1
	TC = 2
	TC = 3
	TC = 4
	TC = 5
	TC = 6
	TC = 7

	0 - 7
	SI 1
	SI 2
	SI 3
	SI 4
	SI 13
	SI 2bis
	SI 3
	SI 4

	8 - 15
	SI 1
	SI 2
	SI 3
	SI 4
	FREE
	SI 2bis
	SI 3
	SI 4

	16 - 23
	SI 1
	SI 2
	SI 3
	SI 4
	SI2quater
	SI 2bis
	SI 3
	SI 4

	24 - 31
	SI 1
	SI 2
	SI 3
	SI 4
	FREE
	SI 2bis
	SI 3
	SI 4

	32 - 39
	SI 1
	SI 2
	SI 3
	SI 4
	SI 13
	SI 2bis
	SI 3
	SI 4

	40 - 47
	SI 1
	SI 2
	SI 3
	SI 4
	FREE
	SI 2bis
	SI 3
	SI 4

	48 - 55
	SI 1
	SI 2
	SI 3
	SI 4
	SI2quater
	SI 2bis
	SI 3
	SI 4

	56 - 63
	SI 1
	SI 2
	SI 3
	SI 4
	FREE
	SI 2bis
	SI 3
	SI 4

	…
	…
	…
	…
	…
	…
	…
	…
	…


Table 2 – BCCH Normal Use Case 1

· The 51-multiframes marked as FREE in Table 2 can be used to send new SI information. 

· This means that an SI message dedicated to supporting EACB can be sent once every 16 51-multiframes (16 x 235.4 ms = 3.766 s).

· The target transmission periodicity for sending a new SI message once every 2 to 4 seconds can therefore be achieved for this use case.

3.2
Use Case 2

For this use case BCCH Ext. is not supported and the set of required SI messages to be transmitted using BCCH Norm are listed below. For Table 3 below TC = ((FN DIV 51) mod (8).

· SI 1

· SI 2

· SI 2bis

· SI 2quater

· SI 2ter (not part of use case 1)
· SI 3

· SI 4

· SI 13

	Instance of 

51-multi-frame
	Block Dedicated Content

	
	TC = 0
	TC = 1
	TC = 2
	TC = 3
	TC = 4
	TC = 5
	TC = 6
	TC = 7

	0 - 7
	SI 1
	SI 2
	SI 3
	SI 4
	SI 13
	SI 2bis
	SI 3
	SI 4

	8 - 15
	SI 1
	SI 2
	SI 3
	SI 4
	SI 2ter
	SI 2bis
	SI 3
	SI 4

	16 - 23
	SI 1
	SI 2
	SI 3
	SI 4
	SI2quater
	SI 2bis
	SI 3
	SI 4

	24 - 31
	SI 1
	SI 2
	SI 3
	SI 4
	FREE
	SI 2bis
	SI 3
	SI 4

	32 - 39
	SI 1
	SI 2
	SI 3
	SI 4
	SI 13
	SI 2bis
	SI 3
	SI 4

	40 - 47
	SI 1
	SI 2
	SI 3
	SI 4
	SI 2ter
	SI 2bis
	SI 3
	SI 4

	48 - 55
	SI 1
	SI 2
	SI 3
	SI 4
	SI2quater
	SI 2bis
	SI 3
	SI 4

	56 - 63
	SI 1
	SI 2
	SI 3
	SI 4
	FREE
	SI 2bis
	SI 3
	SI 4

	…
	…
	…
	…
	…
	…
	…
	…
	…


Table 3 – BCCH Normal Use Case 2

· The 51-multiframes marked as FREE in Table 3 can be used to send new SI information. 

· This means that an SI message dedicated to supporting EACB can be sent once every 32 51-multiframes (32 x 235.4 ms = 7.532 s).

· The target transmission periodicity for sending a new SI message once every 2 to 4 seconds can therefore not be achieved for this use case.

3.3
Use Case 3

For this case BCCH Ext. is supported and the required set of SI messages to be transmitted using BCCH Norm and BCCH Ext. are listed below. For Tables 4 and 5 below TC = ((FN DIV 51) mod (8).

· SI 1

· SI 2

· SI 2bis

· SI 2quater

· SI 3

· SI 4

· SI 7 (BCCH Extended)

· SI 8 (BCCH Extended)

· SI 13

	Instance of 

51-multi-frame
	Block Dedicated Content

	
	TC = 0
	TC = 1
	TC = 2
	TC = 3
	TC = 4
	TC = 5
	TC = 6
	TC = 7

	0 - 7
	SI 1
	SI 2
	SI 3
	SI 4
	SI 13
	SI 2bis
	SI 3
	SI 4

	8 - 15
	SI 1
	SI 2
	SI 3
	SI 4
	FREE
	SI 2bis
	SI 3
	SI 4

	16 - 23
	SI 1
	SI 2
	SI 3
	SI 4
	FREE
	SI 2bis
	SI 3
	SI 4

	24 - 31
	SI 1
	SI 2
	SI 3
	SI 4
	FREE
	SI 2bis
	SI 3
	SI 4

	32 - 39
	SI 1
	SI 2
	SI 3
	SI 4
	SI 13
	SI 2bis
	SI 3
	SI 4

	40 - 47
	SI 1
	SI 2
	SI 3
	SI 4
	FREE
	SI 2bis
	SI 3
	SI 4

	48 - 55
	SI 1
	SI 2
	SI 3
	SI 4
	FREE
	SI 2bis
	SI 3
	SI 4

	56 - 63
	SI 1
	SI 2
	SI 3
	SI 4
	FREE
	SI 2bis
	SI 3
	SI 4

	…
	…
	…
	…
	…
	…
	…
	…
	…


Table 4 – BCCH Normal Use Case 3

	Instance of 

51-multi-frame
	Block 0 Content

	
	TC = 0
	TC = 1
	TC = 2
	TC = 3
	TC = 4
	TC = 5
	TC = 6
	TC = 7

	0 - 7
	SI 13
	FREE
	FREE
	SI 8
	FREE
	SI2quater
	FREE
	SI 7

	8 - 15
	SI 13
	FREE
	FREE
	SI 8
	FREE
	FREE
	FREE
	SI 7

	16 - 23
	SI 13
	FREE
	FREE
	SI 8
	FREE
	SI2quater
	FREE
	SI 7

	24 - 31
	SI 13
	FREE
	FREE
	SI 8
	FREE
	FREE
	FREE
	SI 7

	32 - 39
	SI 13
	FREE
	FREE
	SI 8
	FREE
	SI2quater
	FREE
	SI 7

	40 - 47
	SI 13
	FREE
	FREE
	SI 8
	FREE
	FREE
	FREE
	SI 7

	48 - 55
	SI 13
	FREE
	FREE
	SI 8
	FREE
	SI2quater
	FREE
	SI 7

	56 - 63
	SI 13
	FREE
	FREE
	SI 8
	FREE
	FREE
	FREE
	SI 7

	…
	…
	…
	…
	…
	…
	…
	…
	…


Table 5 – BCCH Extended Use Case 3

· The 51-multiframes marked as FREE in Tables 4 and 5 can be used to send new SI information. 

· This means that an SI message dedicated to supporting EACB can be sent once every 16 51-multiframes using BCCH Normal (16 x 235.4 ms = 3.766 s) or once every 8 51-multiframes using BCCH Extended (8 x 235.4 ms = 1.883 s) or once every 4 51-multiframes using BCCH Extended (4 x 235.4 ms = .9416 s).

· The target transmission periodicity for sending a new SI message once every 2 to 4 seconds can therefore be achieved for this use case using either BCCH Normal or BCCH Extended.

4 Conclusion

The examples of system configurations considered in section 3 above are based on the assumption that a single new SI message transmitted at least once every 2 to 4 seconds is sufficient for supporting EACB.  Based on this assumption:
· If only BCCH Normal is used then it will be possible to support the transmission of EACB information once every 2 to 4 seconds where up to 160 bits of payload space is available for this information.
· If BCCH Extended is used then it will be possible to support the transmission of EACB information once every 2 to 4 seconds with the option of expanding the payload space available for this information beyond 160 bits (e.g. up to 320 bits) while still meeting the target transmission periodicity.
· It should also be noted that it may be possible to support the BCCH bandwidth and transmission periodicity requirements for EACB using existing SI messages should it be determined that a future proof payload space appropriate for supporting EACB be in the range of a few octets.
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