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Enhanced Fast Acquisition of System Information procedure
Abstract:
In order to improve the operator’s possibility for offloading a given cell a procedure called Fast Acquisition of System Information was introduced in Rel-8, basically allowing a multi-RAT capable MS to take an inter-RAT cell reselection decision already after successfully reading a sub-set of the complete SI2quater message. Detailed investigation of this procedure has revealed that unless a frequency is given the highest possible priority, the multi-RAT capable MS (supporting GERAN, UTRAN and E-UTRAN) needs to read the complete set of SI2quater messages in order to determine the RAT and frequency with highest priority. This is clearly not in line with the original intention of the Fast Acquisition procedure. Depending on which SI messages are broadcasted in the cell, it may take between 11 seconds up to 45 seconds for a mobile to read a complete SI2quater message set consisting of 6 instances. 

Now, in order to restore the original intention with the Fast Acquisition procedure it is proposed to add a two bit “RAT Priority” field as a Rel-11 extension to the SI2quater message which optionally enables a multi-RAT capable MS to read only a single SI2quater message instance before beginning the inter-RAT cell reselection process.
1 Introduction
A multi-RAT capable MS may perform priority based cell reselection from GERAN to UTRAN or from GERAN to E-UTRAN if priority information is provided by the network in the 3G Priority Parameters Description IE or E-UTRAN Parameters Description IE in the SI2quater message.

In order to speed up inter-RAT cell reselection towards UTRAN or E-UTRAN for a multi-RAT capable MS camping on BCCH in idle mode, the Fast Acquisition of System Information procedure was introduced in the Release 8 version of 3GPP TS 44.018 (ref 1).
The shortened delay whereby a multi-RAT capable MS performs cell reselection towards a preferred RAT is basically achieved by allowing the MS to take an inter-RAT reselection decision already after successfully reading a sub-set of the complete system information, i.e. the MS is not required to read all SI2quater message instances before starting cell reselection measurements and eventually taking an inter-RAT cell reselection decision. In practice this is done by providing the UTRAN (and/or E-UTRAN) measurement data, neighbour cell and priority information in contiguous segments of the SI2quater message, bounded by a Start and a Stop bit, representing the UTRAN Information Set (respectively E-UTRAN Information Set) as described in TS 44.018 section 3.4.1.2.1.11.
For a typical value of the T_reselection parameter (ref 2, 3GPP TS 45.008), the inter-RAT cell reselection can be performed after monitoring the target cell during a time interval of 5 seconds if the measured quantity of the target cell during this time interval is above a certain threshold value broadcasted by the BSS.
From an operator’s perspective, the Fast Acquisition of System Information procedure is important in order to rapidly off-load mobiles from the serving cell when camping in other RATs is preferred. Considering this, the time it takes for a multi-RAT MS to perform cell reselection to a preferred RAT may be crucial, especially in a scenario when a large number of mobiles are moving from an area in which there is only GERAN coverage into an area in which there is also UTRAN and E-UTRAN coverage.
2 Current inter-RAT cell re-selection solution

As one of the requirements for inter-RAT cell re-selection based on priority information, a set of common priorities is only valid if it includes a priority for the serving cell (GERAN).
For the Fast Acquisition of System Information procedure this means:
· When priority information is provided in the SI2quater message for a given UTRAN frequency in the UTRAN Information Set (or for a given E-UTRAN frequency in the E-UTRAN Information Set), the network also needs to provide priority information for the serving (GERAN) cell within the UTRAN Information Set (or within the E-UTRAN Information Set).
· The serving cell shall always be given a different priority value compared to all UTRAN priority values and all E-UTRAN priority values, likewise all UTRAN priority values shall be different from all E-UTRAN priority values while frequencies within the same RAT (UTRAN and/or E-UTRAN) may be provided with the same priority.
· A range of 8 different priority values (0 – 7) are specified in 3GPP TS 45.008 in which priority value 7 is the highest priority.
For a multi-RAT capable MS only supporting GERAN and UTRAN (i.e. an MS with no E-UTRAN capability) camping on BCCH this means the MS only has to read the UTRAN priorities and the serving cell priority value (serving cell priority preferably provided within the UTRAN Information Set) before it may take a cell reselection decision.
In a similar way a multi-RAT capable MS only supporting GERAN and E-UTRAN (i.e. with no UTRAN capability) may only read the E-UTRAN priorities and the serving cell priority value (preferably provided within the E-UTRAN Information Set) to be able to start cell reselection measurements towards E-UTRAN.
However, a multi-RAT capable MS supporting all three RATs, i.e. GERAN, UTRAN and E-UTRAN, must read priority information from all three RATs before it may take an inter-RAT cell reselection decision based on priority information, unless one of the indicated RATs has been given the highest possible priority value (i.e. priority value 7), in which case a mobile may take an expedited inter-RAT cell reselection decision based on the legacy RAT priority rules as above.
Note 1: The possibility of this type of expedited reselection is in fact an interpretation of the current procedure text in TS 44.018 section 3.4.1.2.1.11 since the legacy text does not clearly describe the BSS requirements and MS behaviour in case priority information is provided when the Fast Acquisition procedure is supported.
3 Problem with existing cell re-selection solution

The problem with the existing requirement whereby a multi-RAT capable mobile station (supporting GERAN, UTRAN and E-UTRAN) may have to read priority information from all RATs  before being allowed to take an inter-RAT cell reselection decision (unless expedited cell reselection is possible as described in the previous section), is that it may take a rather long time for the mobile to acquire all priority information provided in the SI2quater message, causing an undue delay in the cell reselection process towards a preferred RAT.
An example of the time required for a mobile station to acquire a typical set of SI2quater messages is given in Annex A.
In other words, if for example the multi-RAT capable mobile (supporting all three RATs) by chance starts reading the E-UTRAN specific system information before reading UTRAN cell related information, then only if the priority associated to at least one E-UTRAN frequency is set to the highest priority level (i.e. priority value 7) will the mobile possibly know it doesn’t have to read the remaining system information providing UTRAN cell priorities before it may start inter-RAT cell reselection towards E-UTRAN.
But if none of the priorities associated with each E-UTRAN frequency are set to the highest priority level (i.e. the priorities are set to values in the range 0 – 6), then the mobile must continue to read priority information for each UTRAN frequency before inter-RAT cell reselection can be started since possibly one of the provided UTRAN frequencies may have been given the highest priority of all RATs/frequencies.
Obviously the multi-RAT capable mobile has no use at all of the Fast Acquisition procedure in this scenario since there is nothing “fast” about reading the complete set of SI2quater messages.
Furthermore, it is also clear from the legacy Fast Acquisition procedure that a multi-RAT MS can never read and act on less message instances of the SI2quater message than contained in the UTRAN (respectively E-UTRAN) Information Set. This is clearly a disadvantage if e.g. only one UTRAN frequency has been given the highest relative priority since the mobile according to legacy rules still has to read the complete UTRAN Information Set before starting/evaluating the cell reselection measurements.
4 Proposal

The basic idea is to indicate per SI2quater message instance or per UTRAN or E-UTRAN Information Set if the mobile station may start inter-RAT cell reselection to the indicated RAT and frequency even if the mobile station has not received any priority information for the other RAT (E-UTRAN or UTRAN).
This could be achieved by an optional two bit “RAT Priority” field, added as a Rel-11 extension to the SI2quater message, allowing any instance in the coherent set of SI2quater messages to indicate whether the mobile station may start inter-RAT cell reselection to the indicated RAT based on the information:
-
received in the single message instance or,

-
in the UTRAN Information Set (without the mobile having to read the information in the E-UTRAN Information Set) or,
-
in the E-UTRAN Information Set (without the mobile having to read the information in the UTRAN Information Set).

The new “RAT Priority” field could have the following significance:

00
UTRAN has the highest priority, reselection to UTRAN possible upon reading this instance of the SI2quater message, see Note 2 below. 
01
UTRAN has the highest priority, reselection to UTRAN possible upon reading all instances of the SI2quater message containing a full UTRAN Information Set.
10
E-UTRAN has the highest priority, reselection to E-UTRAN possible upon reading this instance of the SI2quater message, see Note 2 below.
11
E-UTRAN has the highest priority, reselection to E-UTRAN possible upon reading all instances of the SI2quater message containing a full E-UTRAN Information Set.
Note 2: If the serving cell priority is not provided in the given message instance, then the mobile station shall assume GERAN has lower priority than the indicated RAT frequency.

An example of a SI2quater message providing the new “RAT Priority” field in the first message instance is given in Figure 1 below.
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Figure 1: Example of a SI2quater message with the new RAT Priority field provided in the first message instance.
The SI2quater message in Figure 1 consists of 6 message instances in which the UTRAN Information Set is distributed using all message instances except the last one while the E-UTRAN Information Set is limited to the two last message instances (5 and 6).
When broadcasting the SI2quater message as in Figure 1, a pre-release 11 multi-RAT capable mobile station supporting both UTRAN and E-UTRAN will need to read the complete SI2quater message (i.e. all message instances) unless one of the provided UTRAN (or E-UTRAN) frequencies has been given the highest possible priority value (7), in which case a mobile station may possibly start expedited inter-RAT cell reselection as described in section 2.
However a multi-RAT capable Rel-11 mobile station (with the same RAT capabilities as the MS exemplified above) located in the same cell can start inter-RAT cell reselection from GERAN to UTRAN already after reading the first SI2quater message instance since the value of the new Rel-11 “RAT Priority” field indicates that cell reselection towards UTRAN is allowed upon reading this instance of the SI2quater message, i.e. without having to read the remaining message instances in the UTRAN Information Set or the serving cell priority information included in the fifth SI2quater message instance.
5 Conclusions

The sourcing companies believe that the Fast Acquisition of System Information procedure can be improved by introducing a new “RAT priority” field in the SI2quater message since this will allow for minimizing the time needed for a multi-RAT capable mobile station to take a priority based inter-RAT cell reselection decision.
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Annex A
A single instance of the SI2quater message has a size of 22 octets (SI2quater Rest Octets IE 20 octets), which typically means that the information elements carrying information of other RATs might not fit entirely within a single instance of an SI2quater message and as such several instances of this message (comprising a single coherent message set) may be sent to include all of the necessary information.
The SI2quater message may be sent once every multi-frame on BCCH Norm when Transmission Condition (TC) is 4 or 5 (see 3GPP TS 45.002), depending on which other system information messages are broadcasted in the cell.
Table 1 below illustrates how two instances of the SI2quater message, as well as other system information messages, may be distributed on BCCH Norm (2 repetitions of TC groups 0 - 7 are shown).
	TC=0
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	2
	3
	4
	5
	6
	7
	0
	1
	2
	3
	4
	5
	6
	7

	SI1
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	SI2q_2
	SI3
	SI4


Table 1: Example of SI2quater message scheduling on BCCH Norm

Considering a multi-frame is ~235 ms long and that each SI2quater message instance is sent every 8th multi-frame, a single SI2quater message instance is then broadcasted once every 1.88 second.

A single coherent set of SI2quater messages may consist of for example 3G Measurement data, 3G neighbour cell information, 3G priority information, Serving Cell Priority information and E-UTRAN information. The number of SI2quater message instances required to form a single coherent message set can in other words be rather extensive and it is not unlikely that 6 message instances and more are needed.
The content of the different message instances is exemplified below: 

· 1st instance (SI2quater_INDEX =  0000) -- 3G Measurement Parameters Description, GPRS_3G Measurement Parameters Description, 3G Add Measurement Parameters Description and 3G Additional Measurement Parameters Description 2.

· Next 3 instances (SI2quater_INDEX =  0001, 0010 and 0011) -- 3G Neighbour Cell Description 

· 5th instance (SI2quater_INDEX =  0100) -- 3G Priority Parameters Description and Serving Cell Priority Parameters Description
· 6th instance (SI2quater_INDEX =  0101) -- E-UTRAN Parameters Description
This example is also illustrated in Figure 2 below.
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Figure 2: Example of a SI2quater message consisting of 6 message instances.
In this example, in which 6 instances of the SI2quater message comprise a full message set, it may take up to 6*1.88 seconds ~ 11 seconds for a mobile station to read all the system information, i.e. the time it takes to retrieve the neighbour cells, measurement parameters and all the priorities for the different RATs.

In other words, the possibility of performing inter-RAT cell reselection is delayed accordingly, assuming each SI2quater message instance in the set is correctly received the first time the mobile station attempts to read it.
If one of the message instances is incorrectly received by the mobile in its first attempt to read it, then it may take up to 12*1.88 s ~ 22 seconds for the mobile to acquire the complete system information delaying the inter-RAT cell reselection decision accordingly.

However if the SI2quater message scheduling on BCCH Norm is done according to TS 45.002 “worst case scenario”, i.e. if either SI2bis or SI2ter messages are sent when TC = 5, then the SI2quater message may be sent as seldom as once every forth occurrence of TC = 4.
This would imply one SI2quater message instance broadcast every 32nd multi-frame, which means a broadcast interval of ~7.5 seconds.
An SI2quater message consisting of 6 instances, as shown in figure 2 above, would when require 6*7.5 = 45 seconds to be fully read by the mobile.
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