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1 Introduction

This document proposes two different potential indication mechanisms for incorporation into the MIB for indicating whether or not the SIB1-BR has changed. The intent of these proposals is to enable a UE to avoid reading the SIB1-BR when it has not changed. The first solution has been proposed previously [1], [2] to indicate change with one bit. The second proposal is an extension of the concept, using two bits to provide improved power savings when the SIB1-BR changes. The justification for this 2-bit proposal is based on feedback received in the RAN2 email discussion "[99#46][MTC] Identifying the use cases for skipping SIB1-BR" [2].
1.1 Background

It may take several repetitions of reception for a UE in CE to be able to read SIB1-BR, which is wasteful of UE power especially if the result of doing this is to find that there has been no change in SI. 
In RAN#75 a new WI on “even further enhanced MTC for LTE” (efeMTC) was approved. One of the objectives of the WI is to reduce system acquisition time in efeMTC.
	· Reduced system acquisition time [RAN1 lead, RAN2, RAN4]
· Improved cell search and/or system information (including MIB and SIB1-BR) acquisition performance.


In addition, in RAN1#88bis and #89 meetings, the topic was discussed and following agreements were drawn:

To RAN2 and RAN4:
ACTION: 
RAN1 respectfully asks RAN2 and RAN4 to provide feedback on above mentioned techniques regarding system acquisition time reduction for BL/CE UEs, and whether any of the techniques are already or expected to be part of Rel-14.
	Excerpt from Agreement in RAN1#88bis:
· Techniques for system acquisition time reduction to be considered:
· SIB1-BR
· New mechanism allowing to skip SIB1-BR reading
· E.g. SI update indication or other indication in MIB or another channel


2 Solutions for indicating SIB1-BR changes in MIB
2.1 Use 1 bit in MIB to indicate change of SIB1-BR
The following proposed 1-bit MIB change indicator is not a value tag count. It is intended only to indicate that a change has occurred in SIB1-BR. The indicator bit remains set for a predetermined time duration “x” after the SIB has changed. For example; 0 indicates no SIB1-BR change within the predetermined time and 1 indicates SIB1-BR has changed at any time up to “x” before the current time when the bit is read by a UE.
When a UE awakes from PSM it currently reads SIB1-BR every time to determine if there has been a change in any SI while it was asleep. This is illustrated as scenario 1, the legacy situation, in Figure 1 below.

If the duration “x” of the indication is longer than the UE PSM sleep time, the UE can reliably know that if it sees the bit set when waking, a change in SIB1-BR has occurred while it was asleep and it must acquire SIB1-BR. If the bit is not set, the UE can skip reading SIB-1BR because it cannot have missed the indication. This is shown as scenario 2 in Figure 1. (If the SIB1-BR is changed again, the time duration of the MIB bit is re-started. This is shown as scenario 2b in Figure 1.)
If the duration “x” of the indication is shorter than the UE PSM sleep time the UE cannot use this indication in the MIB, it must read SIB1-BR. This is shown as scenario 3 in Figure1. In practice, this would be the case for UEs with longer sleep times. These UEs cannot save power using this technique.
The duration of “x” could be fixed or configurable as an IE in SI and/or provided at RRC connection.

UEs that can use the indication save the power needed to read SIB1-BR except immediately following a SIB change. If changes to the SIB are infrequent this means most of the time the SIB1-BR can be skipped. Example: If the duration of the indication bit is 12 hours and a UE awakes every 2 hours it can avoid reading the SIB1-BR except during the 12 hours after a change.
Observation 1:  One MIB bit can be used to save reading the SIB1-BR in cases where there is no change. Each change requires the UE to revert to legacy operation for a time “x”.
Having to read SIB1-BR during the change interval “x” is a disadvantage for UEs with short PSM sleep intervals. However, if there are relatively infrequent SIB1-BR changes this may not significantly affect power used.
Figure 1 One SIB1-BR change indicator bit in MIB
2.2 Use 2-bits in MIB to indicate change of SIB1-BR
If a two-bit indication of a SIB1-BR change is included in the MIB then it has the added advantage that UEs that wake multiple times during the time “x” read SIB1-BR the first time they see a change in the two-bit indication. They can compare that indication with what they see in subsequent readings of the MIB. If they see the same indication they can skip reading the SIB1-BR every time they wake as in Scenario 4 of Figure 2. They can also detect another change uniquely and read SIB1-BR once at that time as shown in scenario 4a of Figure 2.
Using a two-bit indication there is still a need for an “x” time that is known to all UEs and preferably configurable. This is because UEs that have been asleep for longer than the time “x” will always need to read SIB1-BR. 
It may also happen that there are enough changes of the SIB1-BR to exceed the number of unique indications that can be signalled within the time “x”. If this happens the indication could wrap around to the original count indication and a UE could mistake a current indication as an indication of no change. 

Within the range of indications that two bits can show, one combination of the two bits needs to be reserved as an indication that there have been too many changes to uniquely indicate within the period “x”. This indication is to reliably indicate the “wrap” or overcount condition so that all UEs read SIB1-BR because it cannot be guaranteed that they have the current correct version.

If the MIB indications 00, 01 and 10 are used in sequence to indicate change states, after 10 the count cycles back to 00. If there are more than 2 changes within the period “x” then the indication 11 needs to be set for a time “x”. If even more changes occur within time “x” then 11 needs to be maintained for another period of “x” after each change. This is shown in Figure 2 scenario 4b. This unique indication requires UEs to read SIB1-BR every time they wake, similar to the one-bit proposal but the instance where this happens should be much less frequent. 
After a 11 has been set for time “x” the indication should change back to one of the counts such as “00”. A UE that previously saw 11 and then sees 00 will need to read SIB1-BR yet one more time and then store 00 as the current version for comparison at its next wake time. 
UEs with sleep times longer than “x” will maintain legacy behaviour, reading SIB1-BR every time they awake as shown in Figure 2 scenario 5 which is similar to the case with a one-bit indication.

Observation 2:  Two MIB bits can be used to save reading the SIB1-BR in cases where there is no change and to read SIB1-BR only once after changes, when they do not occur more than twice within a time “x”.

Observation 3:  Both solutions require UEs that sleep for longer than the time “x” to read SIB1-BR as in legacy operation.

Proposal 1:  RAN2 is asked to agree to either the 1-bit or the 2-bit indication in MIB of SIB1-BR changes 
Figure 2  Two SIB1-BR change indicator bits in MIB
3 Conclusion

Observation 1:  One MIB bit can be used to save reading the SIB1-BR in cases where there is no change. Each change requires the UE to revert to legacy operation for a time “x”.
Observation 2:  Two MIB bits can be used to save reading the SIB1-BR in cases where there is no change and to read SIB1-BR only once after changes, when they do not occur more than twice within a time “x”.

Observation 3:  Both solutions require UEs that sleep for longer than the time “x” to read SIB1-BR as in legacy operation.
Proposal 1:  RAN2 is asked to agree to either the 1-bit or the 2-bit indication in MIB of SIB1-BR changes 
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2. 1 bit indicator in MIB for SIB1-BR change with a duration “x” longer than PSM sleep time
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2a. Multiple SIB1-BR changes within time “x”
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3. 1 bit indicator in MIB for SIB1-BR change with a duration “x” shorter than PSM sleep time
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4. 2-bit indication in MIB for SIB1-BR changes one change within time “x”








4a. 2-bit indication in MIB for SIB1-BR changes, 2 changes within time “x”
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4b. 2-bit indication in MIB for SIB1-BR changes, 3 changes within time “x”
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5. 2-bit indication in MIB for SIB1-BR changes, UE sleeps for longer than time “x”











