3GPP TSG GERAN#51

Tdoc GP-111231
Göteborg, Sweden, 29 August – 2 September 2011
Agenda Item 7.2.5.3.6
Source: Telefon AB LM Ericsson, ST-Ericsson

Enhanced Fast Acquisition of System Information procedure
1 Introduction
Priority based cell reselection from GERAN to UTRAN or from GERAN to E-UTRAN is for a multi-RAT capable MS possible if priority information is provided by the network in the 3G Priority Parameters Description IE and E-UTRAN Parameters Description IE in the SI2quater message.

In order to speed up inter-RAT cell reselection towards UTRAN and E-UTRAN, 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 an inter-RAT cell reselection decision is taken.
In practice this is done by providing the UTRAN (and/or E-UTRAN) measurement and neighbour cell information in contiguous segments of the SI2quater message, delimited by a Start and a Stop bit. The first SI2quater message instance containing UTRAN (respectively E-UTRAN) related information shall have the UTRAN_Start (respectively E-UTRAN_Start) bit set, while the last SI2quater message instance containing UTRAN (respectively E-UTRAN) related information shall have the UTRAN_Stop (respectively E-UTRAN_Stop) bit set. The UTRAN related information (respectively E-UTRAN related information), delimited by the Start and Stop bits, represents the UTRAN Information Set (respectively E-UTRAN Information Set).
2 Problem with existing solution

When priority information is provided for a given frequency in the UTRAN Information Set (respectively E-UTRAN Information Set) priority information for the serving (GERAN) cell is also required. As according to the requirements the serving cell shall always be given a different priority value compared to all UTRAN priority values or E-UTRAN priority values. Also 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 (ref 2) in which priority value 7 is the highest priority.
As a consequence of this a multi-RAT capable MS must read priority information from all RATs before it can take an inter-RAT cell reselection decision based on priority unless one of the indicated RATs has been given the highest possible priority value (i.e. priority value 7). In other words, a multi-RAT capable MS can only take an inter-RAT cell reselection decision after successfully reading only the UTRAN or E-UTRAN Information Set if the given RAT has been given the highest possible priority value (7).
The problem with the existing requirement whereby a mobile station must read priority information from all RATs and its provided frequencies (unless one of the frequencies has been given the highest possible priority value) before being allowed to take an inter-RAT cell reselection decision is that it may take a rather long time (e.g. 11 seconds or even longer – see the example in Annex A) for the mobile to acquire all priority information provided in the SI2quater message resulting in delaying the mobile reselection to a preferred RAT.
In other words, if for example the mobile by chance starts reading the E-UTRAN specific system information before reading UTRAN and serving 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) the mobile will know it doesn’t have to read the remaining system information providing UTRAN and serving 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 any values in the range 0 – 6), then the mobile must continue to read priority information for each UTRAN frequency and/or for the serving cell before inter-RAT cell reselection can be started since in this case one of the provided UTRAN frequencies may have been given the highest priority of all RATs/frequencies.
A solution that mitigates the delay experienced by a mobile station when performing inter-RAT cell reselection whenever priority based cell reselection is used is therefore deemed beneficial since operators place a high level of importance on ensuring mobile stations gravitate to the preferred RAT with a minimum of delay under all circumstances.
3 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 cell reselection to the indicated RAT (frequency) based on the received information in the single message instance or on the information received in the UTRAN or E-UTRAN Information Set.
This could be achieved by an optional two bit “RAT Priority” field, added as an 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 current message instance or on the information received in the UTRAN or E-UTRAN Information Set, even if the mobile station has not received any priority information for the other RATs.
The new “RAT Priority” field could have the following significance:

00
UTRAN has the highest priority, i.e. all UTRAN frequencies have the highest priority 
compared to other RATs but the different UTRAN frequencies may have different 
relative priorities – reselection to UTRAN possible upon reading this instance of the 
SI2quater message.

01
UTRAN has the highest priority, i.e. all UTRAN frequencies have the highest priority 
compared to other RATs but the different UTRAN frequencies may have different 
relative priorities – 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, i.e. all E-UTRAN frequencies have the highest priority compared to other RATs but the different E-UTRAN frequencies may have different relative priorities – reselection to E-UTRAN possible upon reading this instance of the SI2quater message.

11
E-UTRAN has the highest priority, i.e. all E-UTRAN frequencies have the highest priority compared to other RATs but the different E-UTRAN frequencies may have different relative priorities – reselection to E-UTRAN possible upon reading all instances of the SI2quater message containing a full E-UTRAN Information Set.

The absence of the “RAT Priority” field implies that a full set of SI2quater messages must be read to determine relative priorities of different RATs unless a mobile station determines that one of the RATs has been given the highest possible priority value (7). The “RAT Priority” field can for example be excluded when the serving cell has been given the highest priority value in which case it is not time critical for the mobile station to read the UTRAN and E-UTRAN Information Sets.
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 consisting of 6 message instances with the new RAT Priority field provided in message instance no 1.
The SI2quater message in Figure 1 consists of 6 message instances in which the UTRAN Information Set is distributed in 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 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 that case the mobile station may start inter-RAT cell reselection towards UTRAN (or E-UTRAN) after successfully reading the complete UTRAN Information Set (or E-UTRAN Information Set).
However a multi-RAT capable Rel-11 mobile station 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 reselection towards UTRAN is allowed upon reading this instance of the SI2quater message.
4 Conclusions

It is 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, hence the time needed for a multi-RAT capable mobile station to take a priority based inter-RAT cell reselection decision can be significantly shortened.
A set of Rel-11 CR’s can be provided to the next GERAN meeting if this “feature” is seen as a valuable improvement to the existing Fast Acquisition of System Information procedure.
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Annex A
A single instance of the SI2quater message has a size of 22 octets, which means 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.
Assuming BCCH Norm is used, a system information message (e.g. an SI2quater message instance) may be sent once every multi-frame according to the Transmission Condition (TC) definition in 3GPP TS 45.002. A TC value is calculated based on the radio frame number (0 …2 715 647) as follows:
TC = (Frame Number DIV 51) MOD 8

This basically means that the multi-frame is first calculated and that the multi-frames are divided in 8 different groups. It is specified in 3GPP TS 45.002 that the SI2quater message may be sent on BCCH Norm when TC is 4 or 5 (depending on which other system information messages are distributed).
An example of how two instances of the SI2quater message and other system information (SI) messages may be distributed on BCCH Norm is shown in Table 1 below (2 repetitions of the TC groups 0 - 7 are shown):

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

	SI1
	SI2
	SI3
	SI4
	
	SI2q_1
	SI3
	SI4
	SI1
	SI2
	SI3
	SI4
	
	SI2q_2
	SI3
	SI4


Table 1: Example of SI2quater message scheduling on BCCH Norm

A multi-frame is ~235 ms long which means that each SI2quater message instance can be sent every 8th 51-multiframe = once every 235*8 ms ~ 1880 ms ~1.88 s.

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 large and it is not unlikely that 6 message instances are needed which may, for example consist of the following: 

· 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 s ~ 11 seconds for a mobile station to read all the system information, i.e. to retrieve the neighbour cells, measurement parameters and all the priorities for the different RATs, hence the possibility of performing inter-RAT reselection is delayed accordingly (i.e. assuming each SI2quater message instance in the set is correctly received the first time a mobile station attempts to read it).
If any SI2quater message instance is incorrectly received then it may take up to 12*1.88 s ~ 22 seconds to acquire the complete system information delaying the inter-RAT reselection decision accordingly.
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