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Improvement of System Information Acquisition
1. Background
In GERAN#38 meeting it was proposed a solution to optimize the system information acquisition for neighbour cells [1]. The main idea of this solution is shown as Figure 1:
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Figure 1 NSN solution to acquire the system information for neighbour cells
Instances for each RAT will be broadcast contiguously and in each instance there will be indicators for the presence of each RAT:
· a start indicator for UTRAN

· a stop indicator for UTRAN

· a start indicator for E-UTRAN

· a stop indicator for E-UTRAN
Thus a MS only supporting a subset of the RATs supported by the network can reduce its time of reading the related information for measurements.
2. Discussion

In the above solution the MS can decide to read the current received SI2quater instance or not by the indicators setting and thus cell reselection and measurement will averagely start sooner than in the case where all instances have to be read. 
In [1] the following advantages were identified for this solution:

· 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.  

· 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.  

After examining the above advantages we’ve found that they can not be applied in some scenarios:

· In case the reading begins between the start and stop flag for a certain RAT, e.g. when the MS switches on or reselects to a new cell during the UTRAN RAT information broadcasting, cell reselection can not be started sooner since it has to wait until the next cycle for UTRAN information instances. Switching on/off and reselection need to be taken into account as a random case instead of a rare case.
· The solution can not avoid reading unnecessary instances because even mobiles not supporting all RATs have to read every instance to retrieve the indicator setting. Thus the power saving benefit is not very significant.
· The solution makes the assumption that E-UTRAN neighbour cells can in most cases be fit into one instance. However in some cases a blacklist will increase the size of E-UTRAN neighbour cells and in average two instances will then be needed for E-UTRAN cells.
According to the above analysis it seems worthwhile to improve the proposed solution.
3. Solution

3.1. Basic principle
· It is obvious that all instances for a given RAT should be contiguous for mobiles to receive relevant information as soon as possible in order to start cell reselection and measurement. 
· From [2], the SI2quater/PSI3quater messages are the most suitable SIs to include such an indication.
· The SI2quater/PSI3quater messages will be broadcast with a fixed period.
3.2 Improvements

Figure 2 shows how to organize SI instances according to the above principle. SI2quater can be divided into three parts, G_x stands for GPRS cell information, U_x stands for UTRAN cell information and E_x stands for E-UTRAN cell information. The instances will be broadcast in the order of GERAN-UTRAN-EUTRAN.
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Figure 2 SI2quater instances broadcast in the order of GERAN-UTRAN-EUTRAN
Take SI2quater as the example, the total number of SI2quater instances and the index of the current instance will be included into each of the SI2quater Rest Octets IEs:
	SI2quater Rest Octets > ::=


……

< SI2quater_INDEX : bit (4) >


< SI2quater_COUNT : bit (4) >
……


Thus mobiles will know that how many instances need to be read and which instance is currently read. So if the number of instances for each RAT is provided the first and last instance for this RAT will be known by the mobile. Figure 3 shows how to indicate starting and stop instance for each RAT.
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Figure 3 The structure for indicating the broadcast information of SI2quater instances

· Ng: The number of instances containing GPRS information. All mobiles supporting at least GERAN should have this knowledge. A maximum of 4 instances are enough for GPRS information and so 2 bits are sufficient.
· Ne: The number of instances containing E-UTRAN information. All mobiles supporting at least GERAN and E-UTRAN should have this knowledge. A maximum of 3 instances (possibly including 30-40 blacked E-UTRAN cells) are enough for E-UTRAN information and so 2 bits are sufficient.
· CI: A flag which indicates if both UTRAN and E-UTRAN information will be included in the same instance. CI equals 1 if the instance contains both UTRAN and E-UTRAN information, otherwise CI equals 0.
· Nu: The number of instances containing UTRAN information. All mobiles supporting at least GERAN and UTRAN should have this knowledge. This number is not shown in Figure 3 since it can easily be calculated by subtracting Ng and Ne from the total count.
Based on the above information mobiles will know which instances include the information needed and when these instances begins and ends:
1) Mobiles only supporting GERAN

Mobiles can know how many remaining instances to be read and which instance will be the next instance to be read by the following calculation:

a) Store the SI2quater_INDEX value of the current instance as INDEX_OLD;
b) Read the following contiguous instances with SI2quater_INDEX between INDEX_OLD and Ng if INDEX_OLD is smaller than Ng;
c) If the current SI2quater_INDEX is not smaller than Ng, skip reading the following (SI2quater_COUNT – SI2quater_INDEX) instances, i.e. avoid reading information for UTRAN and E-UTRAN cells;
d) Mobiles will continue to read instances in the next cycle until all instances for GERAN are received. .

2) Mobiles supporting GERAN and UTRAN

Mobiles can know how many remaining instances to be read and which instance will be the next instance to be read by the following calculation:

a) Store the SI2quater_INDEX value of the current instance as INDEX_OLD;

b) Read the following contiguous instances with SI2quater_INDEX between INDEX_OLD and (SI2quater_COUNT – Ne + CI) if INDEX_OLD is smaller than  SI2quater_COUNT – Ne + CI);
c) If the current SI2quater_INDEX is not smaller than (SI2quater_COUNT – Ne + CI), skip reading the following (SI2quater_COUNT – SI2quater_INDEX) instances, i.e. avoid reading information for E-UTRAN cells.
d) Mobiles will continue to read instances in the next cycle until all instances for GERAN and UTRAN are received.
3) Mobiles supporting GERAN and E-UTRAN

Mobiles can know how many remaining instances to be read and which instance will be the next instance to be read by the following calculation:

a) Store the SI2quater_INDEX value of the current instance as INDEX_OLD;

b) Read the following contiguous instances with SI2quater_INDEX between INDEX_OLD and Ng if INDEX_OLD is smaller than Ng;
c) Skip the following contiguous (Nu - CI) instances if INDEX_OLD is between Ng and (SI2quater_COUNT – Ne + CI) to avoid reading UTRAN cells information;
d) Read the following contiguous instances with SI2quater_INDEX between (SI2quater_COUNT – Ne + CI) and SI2quater_COUNT to receive E-UTRAN cells information;
e) Mobiles will continue to read instances in the next cycle until all instances for GERAN and E-UTRAN are received. 
4) Mobiles supporting GERAN, UTRAN and E-UTRAN

Mobiles can know how many remaining instances to be read and which instance will be the next instance to be read by the following calculation:

a) Store the SI2quater_INDEX value of the current instance as INDEX_OLD;

b) Read the following contiguous instances with SI2quater_INDEX between INDEX_OLD and SI2quater_COUNT;

c) Mobiles will continue to read instances with SI2quater_INDEX between 0 and  INDEX_OLD - 1 in the next cycle. 
3.3 Comparison with the solution in [1]
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Figure 4 Scenario where the MS starts reading in the middle of UTRAN instances
Figure 4 shows an example where the mobile begins the reading in the middle of instance UTRAN_s:
· For the solution in [1] the mobile will have to read every instance after UTRAN_s to search for the new start flag of UTRAN cells. In addition when the next cycle begins the mobile have to read from UTRAN_0 to UTRAN_Nu although some of which have already been read, i.e. from UTRAN_s+1 to UTRAN_Nu.
· For our proposed solution the mobile will read instances from UTRAN_s+1 to UTRAN_Nu and then skip reading E-UTRAN cells information until UTRAN information is restarted. In addition when next cycle begins the mobiles only need to read the remaining UTRAN_0 to UTRAN_s instances and thus cell reselection can begin sooner.
· For the case when a mobile begins to read system information in the beginning of an instance, our proposal achieves the same improvement on measurement and cell reselection and reducing power consumption as the solution in [1].
· For the case when a mobile begins to read system information between the start and stop flag for a certain RAT, the mobile needn’t wait to decode the information until the next broadcast cycle but can decode the information already during this cycle. 
· The solution has not the limitation found in [1] of fitting E-UTRAN cells into one single instance.
· It was stated in [1] that 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. However, if there is an instance including both UTRAN and E-UTRAN information ~8 extra bits are needed. However in our solution each instance will contain exactly 5 bits irrespective of the number of RATs in that instance and will thus not add any significant overhead when used.
4. Conclusion

Huawei proposes to broadcast the number of instances for each RAT together with an indication of combinational RATs in SI2quater/PSI3quater and other related messages. This will further improve the benefits from the solution in [1].
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