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EC-SI change mark indicator
1 Introduction
In the ongoing standardization work for the EC-EGPRS feature [1], four EC-System Information (EC-SI) messages have been defined. The EC-SI messages are numbered from EC-SI 1 up to EC-SI 4.
Changes compared to previous version of the document (presented at Telco#4) are marked in red color.
2 Analysis and proposal
When a mobile station enters a new cell at e.g. cell re-selection, it needs to read the complete EC-SI message set (i.e. all EC-SI messages) before accessing the cell. Later on, when the same mobile station wakes up from “sleep mode” in the same cell, it only needs to re-read the EC-System Information before accessing the cell in case the content of at least one EC-SI message has changed since the last time it read the complete EC-SI message set (this is however under the condition that less than 24 hours has passed since the complete EC-SI message set was last read). If an access is attempted at a point when more than 24 hours have elapsed since the last system access the MS shall re-read the complete EC-SI message set.
The MS is informed of any change to the EC-System Information by the EC-EGPRS_BCCH_CHANGE_MARK field included in the EC-Synchronization Channel (EC-SCH) broadcasted within each cell (after wake up from “sleep mode” the MS is required to read the EC-SCH before accessing the cell).
The EC-EGPRS_BCCH_CHANGE_MARK field is a 2 bit element allowing the network to indicate up to 3 changes to the EC-System Information per a given target time interval (24 hours is used as an example of this target time interval in the remainder of this discussion paper).
If the MS detects a change to the EC-EGPRS_BCCH_CHANGE_MARK field in the EC-SCH, then the MS understands that the content of at least one EC-SI message has been modified, thus the MS has no other choice than to re-read all EC-SI messages in the cell before accessing the network, i.e. even when only the content of one EC-SI message may have changed. This is due to the EC-EGPRS_BCCH_CHANGE_MARK field in the EC-SCH does not indicate which specific EC-SI message(s) has been changed.
In order to inform the MS which EC-SI message(s) have changed, and by that provide a more efficient EC-SI acquisition mechanism, it is proposed to introduce an EC-SI change mark mechanism whereby a bitmap is provided in each instance of all EC-SI messages, consisting of a single bit change mark indicator per EC-SI message (in total 4 bits). In addition to the bitmap, an “overflow” control bit is included to provide additional change mark information in case a given EC-SI message has changed more than once within a 24 hour period starting from the point when the first change to that EC-SI message is signaled using the EGPRS_BCCH_CHANGE_MARK field, in which case the “overflow” control bit is toggled to indicate that an EC-SI change mark indicator overflow condition has occurred for the current 24 hour target time interval. A change to the “overflow” control bit will hence indicate to the MS that one or more EC-SI messages have been modified more than once during the current 24 hour target time interval.
The function of the EC-SI change mark mechanism is briefly described in Figure 1 below. Whenever a change to system information is signaled and the value of the EC-EGPRS_BCCH_CHANGE_MARK field in EC-SCH is changed, a timer is started preventing the network from re-using the same EC-EGPRS_BCCH_CHANGE_MARK code point for the next 24 hours. Since the EC-EGPRS_BCCH_CHANGE_MARK field is a 2 bit field with 4 different code points, 4 network timers will be needed. 
As an example, when the network signals a change to the EC-EGPRS_BCCH_CHANGE_MARK field from ‘00’ (row 1 in Figure 1) to ‘01’ (row 2), the network timer T2 is restarted and will continue to run until 24 hours has passed. During this time the network should not re-use the EC-EGPRS_BCCH_CHANGE_MARK code point ‘01’. However, in row 6 when more than 24 hours have passed since the T2 timer was restarted, the network can safely re-use the same code point again.
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Figure 1: Example of EC-EGPRS_BCCH_CHANGE_MARK field in the EC-SCH and an EC-SI change mark bitmap with an overflow control bit provided in each instance of all EC-SI messages.
For example, considering all MS in the cell reading the complete EC-SI message set in row 1 in Figure 1, the MSs will detect and act on the following changes to the EC-EGPRS_BCCH_CHANGE_MARK field in EC-SCH and the EC-SI change mark bitmap:
· In row 2 the EC-SI 2 message content is modified for the first time, consequently the EC-EGPRS_BCCH_CHANGE_MARK field in EC-SCH is changed to ‘01’ and the EC-SI change mark bitmap is changed to ‘00100’ in each instance of all EC-SI messages. A MS that attempts system access will only try to re-read the EC-SI 2 message.
· In row 3 the EC-SI 1 message content is modified for the first time, consequently the EC-EGPRS_BCCH_CHANGE_MARK field in EC-SCH is modified to ‘10’ and the EC-SI change mark bitmap is changed to ‘00110’ in each instance of all EC-SI messages. MSs that have already read the first change to EC-SI 2 (as indicated in row 2) will now only try to re-read the EC-SI 1 message. MSs that have not yet read the first change to EC-SI 2 will re-read EC-SI 1 and EC-SI 2.

· In row 4 the EC-SI 2 message content is modified for the second time within less than 24 hours after the first change to the same message (as indicated in row 2), consequently the EC-EGPRS_BCCH_CHANGE_MARK field in EC-SCH is modified to ‘11’ and the EC-SI change mark bitmap, including the overflow control bit, is changed to ‘00011’ in each instance of all EC-SI messages (the overflow control bit is toggled to ‘1’). Due to the change of the overflow control bit, an MS attempting system access and determining that a change to EC-SI has occurred (i.e. based on EC-EGPRS_BCCH_CHANGE_MARK = 11), do not know which message change triggered the change mark indicator overflow condition and will therefore need to re-read the complete EC-SI message set.

From this point in time a network timer is started (e.g. EC-SCH timer T4) preventing the network from initiating another change to the EC-SI messages that will trigger the overflow control bit to toggle once more for the next 24 hours (in this example a second modification to the EC-SI 1 message or two successive changes to each EC-SI 2, EC-SI 3 and EC-SI 4 during the following 24 hours will trigger the overflow control bit to toggle and should therefore be avoided). 
· In row 5 more than 24 hours have passed since EC-EGPRS_BCCH_CHANGE_MARK code point ‘00’ was used last time (T1>24), i.e. at this point the network can be sure that all MS attempting system access more often than once per 24 hours have responded to any of the changes to the EC-EGPRS_BCCH_CHANGE_MARK field in EC-SCH (as well as to the changes to the EC-SI change mark bitmap).

The EC-SI 2 message content is modified for the third time, consequently the EC-EGPRS_BCCH_CHANGE_MARK field in EC-SCH is modified to ‘00’ and the EC-SI change mark bitmap is changed to ‘00111’ in each instance of all EC-SI messages. All MS that have already read the second change to EC-SI 2 (as indicated in row 4) will now only try to re-read the EC-SI 2 message. Other MSs that attempts system access will need to re-read the complete EC-SI message set (due to the value of the overflow control bit has changed since it was read last time).

· In row 6 the EC-SI 3 message content is modified for the first time, consequently the EC-EGPRS_BCCH_CHANGE_MARK field in EC-SCH is modified to ‘01’ (more than 24 hours have passed since EC-EGPRS_BCCH_CHANGE_MARK code point ‘01’ was used last time (T2>24)) and the EC-SI change mark bitmap is changed to ‘01111’ in each instance of all EC-SI messages. All MS that have already read the third change to EC-SI 2 (as indicated in row 5) will now only try to re-read the EC-SI 3 message. MSs that have only read the second change to EC-SI 2 (as indicated in row 4) will re-read EC-SI 2 and EC-SI 3. Other MSs that attempts system access will need to re-read the complete EC-SI message set (due to the value of the overflow control bit has changed since it was read last time).
· In row 7 the EC-SI 3 message content is modified for the second time within less than 24 hours after the first change to the same message (row 6) but more than 24 hours since the overflow control bit was toggled last time (row 4), consequently the EC-EGPRS_BCCH_CHANGE_MARK field in EC-SCH is modified to ‘10’ and the EC-SI change mark bitmap, including the overflow control bit, is changed to ‘00110’ in each instance of all EC-SI messages (the overflow control bit is toggled to ‘0’). Due to the change of the overflow control bit, all MS (which detected overload control bit = 1 the last time they read EC-SI and have now detected the change of the EGPRS_BCCH_CHANGE_MARK field to ‘10’ in row 7) now need to re-read the complete EC-SI message set.
A network timer related to the overflow control bit is restarted (e.g. by reusing EC-SCH timer T3) and will continue to run for 24 hours. 
Mobile stations that attempt system access less often than once per 24 hours will simply re-read all EC-SI messages every time they wake up to perform data transmission. 
It shall be observed that all EC-SI messages sent on EC-BCCH are sent with a predictable periodicity (i.e. by use of a Round Robin algorithm). This implies that the exact time for transmission of each individual EC-SI message is known by the MS once it has accessed a cell.
It shall also be observed that the network timers proposed in this paper (i.e. timers related to the EC-EGPRS_BCCH_CHANGE_MARK field in EC-SCH and the overflow control bit in the EC-SI change mark bitmap) are not strictly preventing the network from changing the system info while the timers are active. If e.g. the network needs to signal a change to system info more than 3 times within a 24 hours period, then the network shall re-use the EC-EGPRS_BCCH_CHANGE_MARK code point related to the highest timer value.
However, changing the EC-EGPRS_BCCH_CHANGE_MARK field or the overflow control bit more frequently than what proposed herein shall as far as possible be avoided (thus not recommended) since the consequences of such network behavior will lead to mobile stations potentially being out of synch (as some of them will not detect a change to the system info). 
3 Conclusions
This paper proposes to introduce an EC-SI change mark bitmap and an overflow control bit (in total 5 bits) in each EC-SI message in order to provide a more efficient EC-SI acquisition mechanism.
When the MS (as a result of a change to the EC-EGPRS_BCCH_CHANGE_MARK field in EC-SCH) reads the EC-SI change mark bitmap in the first decoded EC-SI message instance transmitted on EC-BCCH, the MS will know which EC-SI message(s) have in fact changed and which EC-SI message(s) have not changed.
This knowledge may be used by the MS to save battery (i.e. the MS only need to read the changed EC-SI message) and reduce network access time since the MS do not need to re-read the complete EC-SI message set.
Details of proposed changes to TS 44.018 are found in ref [2] and ref [3].
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