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Discussion on Fast Acquisition of UTRAN System Information
1 Introduction
The Fast Acquisition of System Information procedure was introduced in 3GPP TS 44.018 Release 8 with the intention of speeding up cell reselection based mobility from GERAN to UTRAN and from GERAN to E-UTRAN for a multi-RAT capable MS.
As defined in TS 44.018 section 3.4.1.2.1.11, this procedure shall be applied by an MS towards UTRAN if the 3G Priority Parameters Description IE is present in the SI2quater message or 3G Supplementary Parameters Description IE is present in the MEASUREMENT INFORMATION message or towards E-UTRAN if the E-UTRAN Parameters Description IE is present in the SI2quater or MEASUREMENT INFORMATION messages (from here on only the SI2quater message is discussed in this document).
2 Problem description
In the definition of the Fast Acquisition of SI procedure it is stated that the network shall ensure that UTRAN (respectively E-UTRAN) neighbour cell list and measurement parameters are contained in consecutive instances of SI2quater together forming a UTRAN Information Set (respectively E-UTRAN Information Set). The first SI2quater message instance containing UTRAN (respectively E-UTRAN) neighbour cell list and measurement parameters shall have the UTRAN_Start (respectively E-UTRAN_Start) bit set, while the last SI2quater message instance containing UTRAN (respectively E-UTRAN) neighbour cell list and measurement parameters shall have the UTRAN_Stop (respectively E-UTRAN_Stop) bit set.

The Fast Acquisition of SI procedure works as intended for E-UTRAN related information (neighbour cell list, measurement parameters and priority information) without any known undue complexity to the network or to the mobile since all E-UTRAN related information, including E-UTRAN_Start and E-UTRAN_Stop bits, are contained in one and the same structure, the E-UTRAN Parameters Description structure.
Hence the E-UTRAN part of the Fast Acquisition procedure is not further discussed in this document.
However for the UTRAN related information the 3G neighbour cell list and 3G measurement parameters are contained within two pre-Release 5 structures (3G Neighbour Cell Description struct and 3G Measurement Parameters Description struct) while the UTRAN_Start and UTRAN_Stop bits are contained in the 3G Priority Parameters Description structure which is part of a Release 8 extension.
As such, the existence of UTRAN related pre-Release 5 information combined with the requirement for a mobile to have knowledge of UTRAN related Release 8 information in order to know when to apply the Fast Acquisition procedure (i.e. which involves acquiring UTRAN related pre-Release 5 information) represents an SI2quater encoding requirement for the BSS that needs to at least be further clarified in order to ensure optimal MS application of this procedure.
2.1 Encoding the SI2quater message

To be able to build the SI2quater message and the UTRAN Information Set according to the procedure text in section 3.4.1.2.1.11, the network has to include the UTRAN_Start bit in the first instance of the SI2quater message containing UTRAN related information (i.e. 3G Neighbour Cell Description and 3G Measurement Parameters) and the UTRAN_Stop bit in the last instance of the SI2quater message containing UTRAN related information (e.g. the remaining part of the 3G Neighbour Cell Description and UTRAN Priority Parameters).
Presuming the network starts building the SI2quater message by including all pre-Release 5 related information including the complete (or part of) 3G Neighbour Cell list in the first instance of the message, this message instance also has to contain the Release 8 extension part in which the UTRAN_Start bit is set to “1” and the UTRAN_Stop bit is set to “0”.
To be able to include this single bit of information (UTRAN_Start bit = 1) in the first instance of the SI2quater message containing UTRAN related information (3G Neighbour Cell Description IE and 3G Measurement Parameters Description IE), the message has to include a number of overhead related bits preceding and following the UTRAN_Start bit. If e.g. starting from the Release 5 extension bit, this non-informative part of the message instance consists of 18 bits of CSN.1 overhead as exemplified in Table 1 below (highlighted in yellow).
Please observe that only a part of the SI2quater message is shown in the table below.

	< SI2quater Rest Octets > ::=


< BA_IND : bit (1) >


< 3G_BA_IND : bit (1) >


< MP_CHANGE_MARK : bit (1) >


< SI2quater_INDEX : bit (4) >


< SI2quater_COUNT : bit (4) >


{ 0 | 1
< Measurement_Parameters Description : < Measurement Parameters Description struct >> }


{ 0 | 1
< GPRS_Real Time Difference Description : < GPRS_Real Time Difference Description struct >> }


{ 0 | 1
< GPRS_BSIC Description : GPRS_BSIC Description struct > }


{ 0 | 1
< GPRS_REPORT PRIORITY Description : < GPRS_REPORT_PRIORITY Description struct >> }


{ 0 | 1
< GPRS_MEASUREMENT_Parameters Description : 



< GPRS_MEASUREMENT Parameters Description struct >> }


{ 0 | 1
< NC Measurement Parameters : < NC Measurement Parameters struct >> }


{ 0 | 1
< extension length : bit (8) >




< < bit (val(extension length)+1) > &




{ < SI2q Extension Information > ! { Ignore: bit ** = <no string> } } > }

{ 0 | 1
< 3G Neighbour Cell Description : < 3G Neighbour Cell Description struct >> }


{ 0 | 1
< 3G Measurement Parameters Description : < 3G Measurement Parameters Description struct >> }


{ 0 | 1
< GPRS_3G_MEASUREMENT Parameters Description : 



< GPRS_3G MEASUREMENT Parameters Description struct >> }


{
null 
| L 

-- Receiver compatible with earlier release



| H



-- Additions in Rel-5:



{ 0 | 1 
< 3G Additional Measurement Parameters Description : 





< 3G Additional Measurement Parameters Description struct >> }




{ 0 | 1 
< 3G ADDITIONAL MEASUREMENT Parameters Description 2 : 





< 3G ADDITIONAL MEASUREMENT Parameters Description 2 struct >> }



{ null 
| L 

-- Receiver compatible with earlier release



| H 



-- Additions in Rel-6:



< 3G_CCN_ACTIVE : bit (1) >




{ 
null | L 

-- Receiver compatible with earlier release





| H 



-- Additions in Rel-7:





{ 0 | 1
< 700_REPORTING_OFFSET : bit (3) > 







< 700_REPORTING_THRESHOLD : bit (3) > } 






{ 0 | 1
< 810_REPORTING_OFFSET : bit (3) > 







< 810_REPORTING_THRESHOLD : bit (3) > } 





{ 
null | L 

-- Receiver compatible with earlier release







| H 



-- Additions in Rel-8







{ 0 | 1
< Priority and E-UTRAN Parameters Description : 










< Priority and E-UTRAN Parameters Description struct >> }








{ 0 | 1
< 3G CSG Description : < 3G CSG Description struct >> }








{ 0 | 1
< E-UTRAN CSG Description : < E-UTRAN CSG Description struct >> }








{ 
null | L 

-- Receiver compatible with earlier release









| H 



-- Additions in Rel-9










{ 0 | 1
< Enhanced Cell Reselection Parameters Description : 












< Enhanced Cell Reselection Parameters IE >> }









{ 0 | 1
< CSG Cells Reporting Description :











< CSG Cells Reporting Description struct >> }







}






}




}



}


}


< spare padding > ;




	< Priority and E-UTRAN Parameters Description struct > ::= 


{ 0 | 1
< Serving Cell Priority Parameters Description : 




< Serving Cell Priority Parameters Description struct >> }


{ 0 | 1
< 3G Priority Parameters Description :




< 3G Priority Parameters Description struct >> }


{ 0 | 1
< E-UTRAN Parameters Description :




< E-UTRAN Parameters Description struct >> } ;



	< 3G Priority Parameters Description struct > ::= 


< UTRAN_Start : bit >

< UTRAN_Stop : bit >



{ 0 | 1
< DEFAULT_UTRAN_PRIORITY : bit(3) >




< DEFAULT_THRESH_UTRAN: bit(5) > 




< DEFAULT_UTRAN_QRXLEVMIN: bit(5) > }


{ 1 < Repeated UTRAN Priority Parameters : < Repeated UTRAN Priority Parameters struct >> } ** 0 ;



	< Repeated UTRAN Priority Parameters struct > ::=

{ 1 < UTRAN_FREQUENCY_INDEX : bit (5) > } ** 0


{ 0 | 1  < UTRAN_PRIORITY : bit(3) > }

< THRESH_UTRAN_high : bit(5) >


{ 0 | 1
< THRESH_UTRAN_low : bit(5) > }


{ 0 | 1
< UTRAN_QRXLEVMIN: bit(5) > } ;



Table 1: SI2quater message (parts of)
Considering one instance of the SI2quater message may carry a maximum of 20 octets of information in the SI2quater Rest Octets IE, a “waste” of 2 octets as in the example above is really remarkable and must therefore be balanced to the potential gain of including the start bit in the first SI2quater message instance containing UTRAN related information, see further section 3.
This is even more concerning if the UTRAN_Start and UTRAN_Stop bits have to be included in every single instance of the SI2quater message containing UTRAN related information, see further section 2.2.1.
2.2 Additional issues
2.2.1 Start and Stop bits included in all message instances carrying UTRAN information

Apart from the issue as described in section 2.1, the specification does not describe how to handle the UTRAN_Start and UTRAN_Stop bits in the message instances in-between the first instance and the last instance of the SI2quater message containing UTRAN related information.
In other words, in order to allow a mobile to determine whether or not it is to apply the Fast Acquisition procedure regardless of which instance of an SI2quater message containing UTRAN related information it happens to read first, should the BSS include the 3G Priority Parameters Description IE containing the UTRAN_Start and UTRAN_Stop bits in all instances of the SI2quater message containing UTRAN related information whenever it wants mobile stations to apply the Fast Acquisition procedure?
This specific issue is illustrated in Table 2 below.

	First instance of SI2quater message containing UTRAN information
	UTRAN_Start bit = 1
UTRAN_Stop bit = 0

	Second and subsequent instances of SI2quater message containing UTRAN information
	UTRAN_Start bit = 0
UTRAN_Stop bit = 0
or

no UTRAN_Start and UTRAN_Stop bits included (i.e. 3G Priority Parameters Description IE does not have to be included)?

	Last instance of SI2quater message containing UTRAN information
	UTRAN_Start bit = 0
UTRAN_Stop bit = 1


Table 2: Applying Start and Stop bits in UTRAN information set
If the UTRAN_Start and UTRAN_Stop bits are included in the second instance of the SI2quater message (as exemplified in Table 2 above), a mobile that happens to read this instance first when attempting to acquiring SI2quater information may determine that the Fast Acquisition procedure for UTRAN related information is applied in the serving cell. On the other hand, even though this determination can be made by the mobile for this scenario, it cannot do anything else than to read the next instance of the SI2quater message, i.e. something the mobile would do even if the UTRAN_Start and UTRAN_Stop bits were not included in the SI2quater message instance.

With the issue as described in section 2.1 in mind (considerably high amount of CSN.1 overhead related bits needed for including the UTRAN_Start bit), our assumption is that the inclusion of the UTRAN_Start and UTRAN_Stop bits in all SI2quater message instances carrying UTRAN information will not benefit the mobile or the network.
3 Pros and cons with UTRAN Start bit included
Figure 1 below describes a typical example of a SI2quater message segmented into 5 instances and in which the UTRAN Information Set is limited to the first three message instances.
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Figure 1: Example of a SI2quater message segmented into 5 instances
Following can be concluded from the figure above:

· A mobile station which by chance starts reading the SI2quater message from instance no 1 will benefit from the UTRAN_Start bit set to 1 (in the sense it can determine that the Fast Acquisition procedure for UTRAN related information is applied in the serving cell) unless it understands from the SI2quater_INDEX field included in each instance of the message that the present instance is in fact the first instance of the SI2quater message (SI2quater_INDEX = 0) and which also contains at least a part of the available UTRAN information, hence this is the start of the UTRAN Information Set. In other words, a mobile station could assume that if UTRAN related information is not found in the first instance of the SI2quater message, then the Fast Acquisition procedure towards UTRAN is not applied in the serving cell.
· A mobile station that happens to read the SI2quater message from the second or the third instance has no advantage of the UTRAN_Start bit in the first instance (SI2quater_INDEX = 0) since it has no other choice than to continue reading the subsequent instances until it acquires a full set of UTRAN information.
· A mobile station that happens to read the SI2quater message from the fourth instance has no knowledge of the existence of the UTRAN Information Set. It will simply continue to read the next instance of the message.
· A mobile station that happens to read the SI2quater message from the last instance may benefit from the UTRAN_Start bit in the next instance (SI2quater_INDEX = 0), however since the next message instance contains UTRAN related info (and the present message instance does not contain any UTRAN information), the mobile station may assume the next message instance as the start of the UTRAN Information Set even when the UTRAN_Start bit is not included, see further bullet one.
The only possible advantage of including the UTRAN_Start bit in the first instance of the message containing UTRAN related information is to point out to the mobile that it can expect the UTRAN Information Set to be completed with the UTRAN_Stop bit.
The inclusion of the UTRAN_Start bit does not explicitly indicate that UTRAN priority information is included in the last message instance (or in any instance) of the UTRAN Information Set since the 3G Priority Parameters Description IE may be kept empty except from the enabled UTRAN_Stop bit (even if this network behaviour is not likely).
Of course the inclusion of the UTRAN_Start bit also allows a network to start the UTRAN Information Set from another message instance than the first SI2quater message instance (SI2quater_INDEX = 0) but since the 3G Neighbour Cell Description struct is part of the pre-Release 5 information in the SI2quater Rest Octets IE, it is hence logical for the network to include the first UTRAN frequencies in the first instance of the SI2quater message.
4 Conclusions

All in all it seems the same result of allowing for fast acquisition can be achieved without including the UTRAN_Start bit in the first instance of the SI2quater message, hence a waste of 2 octets can be avoided using an alternate mechanism. More specifically, this alternate mechanism can be based on the assumption that the network always includes the UTRAN related information in contiguous segments, starting from the first instance of the SI2quater message (i.e. SI2quater_INDEX = 0), and completing the UTRAN Information Set by including a Stop bit in the 3G Priority Parameters Description IE in the last instance of the message containing UTRAN information.
With this logically equivalent approach not only is the need for an explicit start bit eliminated but the need for a BSS to mix the transmission of Release 8 UTRAN information with pre-Release 5 UTRAN information is also eliminated thereby allowing for all Release 8 UTRAN information to simply be included once all pre-Release 5 UTRAN information has been included.
A Release 11 CR for TS 44.018 is provided to this meeting covering the proposal as outlined above. However, if there are no technical obstacles to the Release 11 CR, our preference would be to introduce the changes also in earlier revisions of the specification (e.g. even going all the way back to Release 8). Of course one key issue affecting a potential decision to allow the mechanism introduced by this Release 11 CR to propagate back to earlier releases is the extent to which pre-Release 11 MS implementations support the start and stop bit based fast acquisition feature.
As a second alternative to the proposal above (not covered in the provided CR), the UTRAN_Stop bit can be replaced by e.g. a new 4 bit field element indicating the total number of contiguous SI2quater message instances in the UTRAN Information Set. The presence of this new optional Release 11 field element would logically mean that this particular message instance is the last instance in the SI2quater message containing coherent UTRAN related information. Also in this alternative the UTRAN_Start bit can be left out.
This second alternative would offer the same CSN.1 overhead savings as the first alternative but a slightly more flexible solution than the former proposal (not providing the Start bit but keeping the legacy Stop bit) since the UTRAN Information Set in this alternative does not necessarily have to start from the first instance of the SI2quater message (i.e. SI2quater_INDEX = 0).
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