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Improved E-UTRAN System Information Acquisition 
1. Introduction

This discussion paper shows how the acquisition of System Information and therefore the speed with which cell reselections can occur for multi-RAT mobiles that support E-UTRAN can be improved.  The focus is on the addition of E-UTRAN interworking with GERAN but the same considerations could apply to UTRAN.  
2. Assumptions
The following assumptions are made with respect to the distribution of neighbour cell information for supported RATs:

· A multi-RAT mobile may not support all possible RATs.  

· As described in [1.], the SI2quater and PSI3quater (along with existing dedicated messages) should be used to provide neighbour cell descriptions and measurement parameters to the MS for all RATs.  

· For E-UTRAN, the allowed centre frequencies, list of black listed cells and measurement parameters will be provided. 

· The impact on existing procedures and messages should be minimised where possible.  

3. Problem Description

With the addition of the support E-UTRAN, inefficiency occurs due to the fragmentation of mobiles into different multi-RAT classes.  For instance some mobiles will support GSM only, some will support GSM and UTRAN, others will support GSM and E-UTRAN and some will support all three RATs.  
This is illustrated in Figure 1 where it is assumed that three RATs (GERAN, UTRAN and E-UTRAN) co-exist in a particular cell.  System Information for all supported RATs must be broadcast containing the neighbour cell information and measurement parameters.  However, only a subset of this information is needed for multi-RAT mobiles that do not support all RATs.  These mobiles may have to read increasingly large amounts of data in system information messages, some of which is not relevant, before being able to start measurement reporting and making cell reselections to another RAT.  
In particular, the case where E-UTRAN neighbour cell information is provided as a list of valid frequencies with few or no specific cells identified in a black list, will lead to a situation where the E-UTRAN system information is relatively small and could easily fit into a single instance of a (P)SI message.  The faster that this information can be read by the MS, the sooner that measurement reporting and cell reselection procedures can begin.  
Although TS 45.008 section 6.6 currently allows the MS to start cell reselection measurements before the MS has decoded all SI2quater instances / PSI3quater instances, cell reselection should ideally not be attempted until all the neighbour cell information and measurement parameters are received.  If cell reselection (or even measurement reporting) is started before having acquired the complete set of information there is the danger that wrong cell reselections are made.  
In the case of UTRAN cells described in a white list, a better cell may be described in later instances of (P)SI message.  In the case of a black list (as for E-UTRAN) it is essential that all black listed cells are received before measurement reporting and cell reselection occurs as the cell may be forbidden.  

In release-8 this is even more important with the introduction of the inter-RAT cell reselection priority information where cells that are selected for measurement reporting, or cell reselection, will depend on the relative priorities of UTRAN and E-UTRAN RATs.  Thus priority information and preferably measurement parameters should be received before measurement reporting or cell reselection commences.  
In [2.] it has been calculated that on BCCH Norm it takes 16.92 seconds to receive 3 instances of SI2quater and 22.56 seconds to receive 4 instances of SI2quater.  Reducing the time to acquire E-UTRAN neighbour information by one instance of SI2quater, measurement reporting and cell reselection to E-UTRAN can be started at least 5 seconds sooner.  In some cases a reduction of 10 or 15 seconds could be made in cell reselections to E-UTRAN.  
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Figure 1 – Fragmentation of System Information due to Multi-RAT MSs

4. Optimising System Information Acquisition Time
4.1. Outline of Solution
An optimisation can be made in terms of the amount of time required for a multi-RAT MS to acquire the necessary (P)SI information.  If the neighbour cell information for a particular target RAT is sent in contiguous blocks in multiple instances of (P)SI messages with suitable flags (indicating start and/or end of RAT information), then the acquisition process can be optimised as follows.  

An MS that supports a particular RAT (e.g. E-UTRAN) could have acquired (and be sure that it has acquired) all relevant instances of PSI3quater/SI2quater before having received all instances of the message.  
This concept is shown in Figure 2 where (for sake of example) an MS supporting GERAN and E-UTRAN only can acquire all relevant neighbour cell information faster than an MS that supports all three RATs. 

This of course is dependent on the point at which the MS starts reading the (P)SI information in the cyclic broadcast.  However, in a many cases the acquisition time can be reduced for mobiles that do not support all RATs.  It should be noted that this can improve performance for GERAN only mobiles as well as multi-RAT mobiles.  
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Figure 2 – System Information Acquisition Time for Multi-RAT MS

In addition, it would also be possible to transmit some information twice within the (P)SI information in order to reduce the maximum acquisition time.  This idea seems to be particularly attractive when the amount of information is small, as may be the case for an “empty” E-UTRAN black list consisting of valid frequencies and measurement parameters only.  If the existing system information does not completely fill an integer number of instances it may be possible to fit the repeated information into the messages with no penalty.  
As seen in Figure 3, duplicating the information at equally spaced instances of the (P)SI messages will reduce the worst case acquisition time for the E-UTRAN information.  This is particularly important for the case of an E-UTRAN black list where measurements cannot start until the valid centre frequencies, the black listed cells (if any) and the RAT priority information is known.  
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Figure 3 – Reduced E-UTRAN System Information Acquisition Time 

In order for such a scheme to work the following requirements must be met:

· All neighbour cell information (including measurement parameters) for a given RAT must be broadcast in contiguous instances of the relevant (P)SI message type (or instances of the MEASUREMENT INFORMATION message / PACKET MEASUREMENT ORDER).  

· An indication that this instance of the message contains information for a particular RAT.

· An indication of the instance where the neighbour cell information and measurement information for each RAT starts is given.

· An indication of the instance where the neighbour cell information and measurement information for each RAT stops is given.

4.2. Implementation

In order to implement the concept described in section 4.1, one option is to utilise the method illustrated in Figure 4.  It is proposed that UTRAN and E-UTRAN neighbour cell and measurement information is combined in the existing SI2quater and PSI3quater messages (and possibly MEASUREMENT IINFORMATION and PACKET MEASUREMENT ORDER messages).  The E-UTRAN and UTRAN information will be contained within contiguous instances of the respective message as shown in the example.  It should be noted that one instance could contain both UTRAN and E-UTRAN information.  
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Figure 4 – Labelling of Start/Stop Bits for Multiple RAT System Information

Each message instance can include a structure in a release-8 extension.  If this structure is present it indicates the use of this feature.  It can contain none, or any combination of the following:

· a start indicator for UTRAN

· a stop indicator for UTRAN

· a start indicator for E-UTRAN

· a stop indicator for E-UTRAN.  

If the message instance is the first one containing E-UTRAN information, the E-UTRAN_Start field is set to 1.  If it is the last instance containing E-UTRAN information, the E-UTRAN_Stop field is set to 1.  If it is neither the first nor the last instance containing E-UTRAN information, the E-UTRAN_Stop and E-UTRAN_Start fields are present and set to 0.  If there is no E-UTRAN information in the message instance, the E-UTRAN_Start and E-UTRAN_Stop fields are not present.  The same principle could apply to the UTRAN_Start and UTRAN_Stop fields.  

4.3. Advantages/Disadvantages

The advantages are that:

· For all mobiles that support a particular RAT (e.g. E-UTRAN), cell reselection and measurement reporting will normally start sooner than in the case where all instances of relevant messages must be received.  

· If the information for say E-UTRAN is repeated, the maximum time to receive E-UTRAN information can be reduced (probably halved).  

· For all mobiles that do not support all RATs, it is possible in some cases to avoid reading all instances of the (P)SI message thus saving power.  

· Default measurement parameters are not used if specific ones are broadcast. 

Disadvantages:

· Each instance of the relevant (P)SI and possibly PMO/MI message has to have ~4 extra bits (for one RAT) when this optimisation is used.  No penalty when it is not used.  

· When the information is repeated, more capacity may be used on the broadcast channel.  

5. Conclusions
This paper has shown that as the amount of information that needs to be broadcast in (P)SI messages increases with the increase in the number of supported RATs.  This may provide unnecessarily long system information acquisition times for mobiles that do not support all RATs.  
An optimisation for all multi-RAT mobiles that support E-UTRAN has been proposed that can reduce the time to acquire relevant system information and thus reduce the time needed for cell reselection to a preferred RAT. 

In order to allow measurement reporting and cell reselection procedures for alternative RATs to proceed more rapidly the following proposals are made for discussion and decision in GERAN:

· To include a feature for the network to arrange measurement parameters and neighbour cell lists in contiguous block of (P)SI messages per supported RAT (UTRAN, E-UTRAN).  

· To indicate the presence of specific RAT related information by start and stop flags in a release-8 extension to the PSI3quater, SI2quater messages and possibly the MEASUREMENT INFORMATION and PACKET MEASUREMENT ORDER messages 

· To allow the network to optionally repeat measurement parameters and neighbour cell list information in (P)SI messages for specific RATs to reduce the maximum acquisition time.  
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