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Faster System Information Acquisition for E-UTRAN Capable Mobiles 
1 Introduction

In GERAN#38 in Malaga an improvement to the System Information acquisition time for E-UTRAN capable mobiles was presented in [1.].  The need for such an improvement was generally agreed but it was suggested that the indication of which message instances contain E-UTRAN/UTRAN related information could be encoded in a separate (P)SI message that is sent more frequently than the SI2quater or PSI3quater message. 
This paper compares the two options for improving the System Acquisition time for E-UTRAN capable mobiles and proposes a solution.  
2 Summary of Problem
In [1.] it is shown that improvements can be made to the (P)SI acquisition time and therefore reduce the inter-RAT cell reselection time by grouping the neighbour cell and measurement information on a per-RAT basis (e.g. UTRAN and E-UTRAN) in the relevant system information messages (SI2quater and PSI3quater).  

By grouping this information as described above, and indicating this grouping to the MS, the MS is able to know that all relevant information for a particular RAT (e.g. E-UTRAN) has been received.  This may allow measurement reporting and cell reselection to start before all instances of the (P)SI message have been received.  
For E-UTRAN neighbour cells iIt is essential that the MS knows that all relevant information has been received before measurement reporting and cell reselection commences because neighbour cell information will be broadcast as a black list and the MS must know that the cell being measured is not black-listed.  
3 Comparison of Approaches

For simplicity we consider only the case of E-UTRAN neighbour cells, although the arguments are the same for UTRAN neighbour cells.  
The following two sections compare the different approaches of sending indications of message instances belonging to a particular RAT in either:
· A separate (P)SI message (not SI2quater or PSI3quater)
· Within the same (P)SI messages as the neighbour cell and measurement parameter information. 

3.1 Sending Indication in different SI Message

If the mapping information is sent in a separate message it has to be able to cope with the maximum number of instances that could be sent for the SI2quater and PSI3quater messages.  According to the standards there could be up to 16 instances, however in practice the broadcast bandwidth would be insufficient to support 16 instances and 8 would be a more practical limit.  

The grouping of E-UTRAN related information could be implemented as a bitmap or a start and stop index.  The space required is as follows:
· Bitmap – 8 bits (one per instance, with zeroes for any instances not used)

· Start and stop index – 6 bits (3 bits for each index)

Thus the most space efficient means would be a start and stop index.  Assuming that this information would be mandatory then 6 bits are required.  

We consider the case of the System Information messages broadcast on BCCH as this is the most fundamental requirement and is the worst case as there are more constraints and less available space in SI messages. 
This information must be available in a SI message that can be guaranteed to be present when SI2quater is broadcast otherwise there will be situations where this feature cannot be used.  The mandatory SI messages are:

· SI2, SI3 and SI4

· It is also assumed that SI13 is present as it makes sense that GPRS is supported by a cell that supports inter-RAT mobility with E-UTRAN
The following analysis assumes that BCCH Ext is not present which is the most likely case and must be supported in any case.  

According to TS 45.002 the scheduling for theses messages is defined by the following rules:

· SI13 is sent in TC=4 in at least 1 in 4 consecutive instances of TC=4

· SI2 is sent every TC=1 

· SI3 is sent every TC=2 and TC=6
· SI4 is sent every TC=3 and TC=7

Where TC is a 3-bit multi-frame counter that is incremented once every 51 multi-frame and ranges between 0 and 7. 

SI2quater is sent on TC=5 if SI2ter and SI2bis are not required.  Otherwise it is sent at least once in every 4 instances of TC=4.  This means that the rate of sending SI2quater messages varies between once every 1.9 seconds and once every 7.6 seconds.  
SI2 and SI3 (given that the GPRS indicator and cell reselection parameters may be needed) have no spare capacity.  SI4 is a possibility when SoLSA is not used as there would be enough space in the SI4 rest octets.  
The SI13 rest octets provide 20 octets of space.  In the case where PBCCH is not provided in the cell the GPRS cell options and GPRS Power Control IEs are required and already it is not possible to provide the maximum size of bitmap for the Mobile Allocation.  Placing the E-UTRAN grouping information in SI13, whilst possible, would further compromise the Mobile Allocation space. 
SI13 and SI4 are the only potential messages that can be considered to carry the grouping information.  

3.2 Sending Indications in SI2quater

Sending the E-UTRAN grouping information in the SI2quater message would require each instance of the message to contain either a complete bitmap of length 8 bits (to cater for the maximum number of instances) or the inclusion of a start and stop bit in each instance.  
If a start and stop bit is used there will be two bits required for each instance of SI2quater (for indicating E-UTRAN information and assuming that the inclusion of this information is mandatory). 

Including these bits does not compromise whether other information can be included in SI2quater message as the message can take up multiple instances.  

3.3 Comparison

If a separate SI message is used the best message is probably SI13 or SI4 as previously mentioned.  It should be noted that including the indications in a message other than SI2quater (PSI3quater) instances does not result in a speed-up in system information acquisition or cell reselection as the appropriate instances of SI2quater/PSI3quater must be received by the mobile in either case. 
The advantages of using the SI2quater message include:

· The space required scales with the number of instances required and it would take > 3 instances to need more bits than using a separate SI message. 

· There is no constraint on including some information in existing SI messages that are limited to a single instance. 

· In some cases SI2quater instances may be sent 4 times as often as SI13 (when SI2quater is sent on TC=5) and thus the information may be sent faster using SI2quater. 
· If SI4 is used it may be sent up to 8 times faster than SI2quater (when SI2quater is sent once in every four occurrences of TC=4) which is wasteful of broadcast bandwidth.  
· Changes are limited to SI messages that already need to be changed for GERAN/E-UTRAN interworking and don’t affect other messages. 
Advantages of using a separate SI message include:

· Fewer bits (less bandwidth) are needed if the rates of message instances are comparable and more than 3 instances of the SI2quater are needed. 
· Reduction in space required in the SI2quater/PSI3quater message instances.
4 Conclusions

The main advantages of using the existing messages (SI2quater and PSI3quater) to encode the grouping information are:

· There is no constraint on including some information in existing SI messages.

· Changes are limited to SI messages that already need to be changed for GERAN/E-UTRAN interworking and don’t affect other messages. 

· The rate at which SI2quater/PSI3quater messages are sent can differ widely from the rate at which other SI messages are sent.  

For the reasons given in section 3.3 and particularly those shown above, the per-message instance start and stop bits should be used within the SI2quater and PSI3quater messages.  
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