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1 Introduction

After RAN2#79bis some issues regarding dedicated SIB1 signalling were still open [1], namely

1)
Upon receiving the dedicated SIB1, when does the UE apply it?

2)
Does the network send the dedicated SIB1 whenever any SI changes?

3)
What is the behaviour at handover?

4)
Is the UE allowed to initiate the SI acquisition procedure based on the paging with SI modification indication?

5)
What does the UE do when the system information becomes invalid after three hours?

6)
Is there a need for sending other SI via dedicated signalling?

Since that meeting there has been an e-mail discussion [2] to sort out detailed questions regarding the signalling and the open issues listed above. In this contribution we address the open issues, and argue that the UE follows existing procedures for modification periods and that the eNB assists the UE with valid system information.
2 Discussion
2.1 Application of dedicated SIB1

Upon reception of a dedicated SIB1 there is an open issue when the UE applies this information. With broadcasted SIB1 the concept of modification periods is used. This means that system information can only change at the boundary of these periods. The network uses a paging message to indicate that the system information will be changed at the next modification period boundary. Immediately after the modification period boundary, the UE may acquire the new system information and apply it. The UE may also read the systemInfoValueTag to find out if the system information has been updated. If it has, then the UE acquires the new system information and applies it. This procedure is useful if the UE returns from out of coverage for example.
Upon reception of a dedicated SIB1 there are two alternatives to when the UE applies the new system information.

1.
The UE applies the information immediately.

2.
The UE applies the information at the next modification period boundary.
We will now analyse the two alternatives, comparing against the legacy solution.
2.1.1 Alt 1 – Applying the new SI immediately
This alternative means that the UE upon receiving the dedicated SIB1 immediately applies it, and re-reads other SIBs. Comparing to legacy behaviour, this alternative is similar to a UE returning from out of coverage to find that systemInfoValueTag has changed. In that scenario, the UE also applies SIB1 immediately and re-reads the other SIBs.
The benefit of this alternative is its simplicity, as the UE does not need to keep track of the modification period boundaries.
The drawbacks are that not all UEs apply the new SI at the same time and other potential issues regarding the timing. In general, it is important that all UEs use the same SI. With this alternative some UEs might use old SI if the dedicated SIB1 is signalled after the modification period boundary. Similarly, some UEs might use not yet applied SI if the dedicated SIB1 is signalled before the modification period boundary. We think it is worse if the UE uses SI not yet applied in the eNB, as that may lead to the UE not finding other SIBs if the fields si-windowLength and schedulingInfoList have been changed for example. Thus, with this alternative, it is more beneficial if the eNB transmits a new dedicated SIB1 after the modification period boundary, i.e. when the new SI is valid. But this also leads to a time period with ambiguous SI among the UEs until all UEs have received and acquired the updated SI. 
Observation 1:
If the UE applies SIB1 immediately upon reception, then the eNB should transmit the dedicated SIB1 after modification period boundary, i.e. when the new SI is valid.
2.1.2 Alt 2 – Applying the new SI at the next modification period boundary

This alternative means that the UE upon receiving the dedicated SIB1 waits with applying it until the next modification period boundary. Comparing to legacy behaviour, this alternative is similar to a UE receiving a paging message containing systemInfoModification. In that scenario, the UE receives the page and waits until next modification period boundary before acquiring SIB1 and the remaining SI.
The benefit of this alternative is that all UEs use the same system information at all times. However, this assumes that the eNB is able to send the new SIB1 to all UEs needing it before the modification period boundary. If the eNB cannot meet this assumption, then some UEs (those that do not receive the new SIB1 in time) will use old SI for one complete modification period.
The drawback is that eNB cannot change the SI too close before the modification period boundary. If it does, it will not have the time to send the dedicated SIB1 to all UEs needing it. The UEs also need to keep two SIB1s in memory, the current version and the next version.

2.1.3 Conclusion

In summary, no alternative presents major benefits compared to the other according to this brief analysis. Alternative 1 will always have a period of ambiguity where some UEs do not have valid SI every time SIB1 is updated, until the eNB has transmitted the dedicated SIB1 to all UEs needing it. Alternative 2 has the possibility of reducing this period of ambiguity as dedicated SIB1 is transmitted to the UEs needing it before it becomes valid. But it seems alternative 2 would also require slightly more storage capacity in the UE.
We prefer alternative 2 as it limits the period of ambiguity, having a greater potential ensuring that all UEs have the same system information at all times. We also believe that the increased UE complexity of this solution is small compared to other properties in the feICIC context.

Proposal 1 The UE shall apply dedicated SIB1 at the next modification period boundary.
2.2 Sending of SIB1 whenever any SI changes

According to the current specification, a change in the systemValueTag indicates that SI messages have been updated. In our scenario, a UE may not be able to read this field, hence an update of any SIB may trigger the transmission of dedicated SIB1, as that in turn would trigger the UE to retrieve all SI, including the newly updated SIB.
Observation 2:
Update of any SIB (with some exceptions e.g. ETWS information, CMAS information according to 36.331, clause 5.2.1.3) would trigger an update to systemInfoValueTag, hence a transmission of the updated SIB1 may be performed.
Similar to legacy behaviour, the UE cannot know which SI message has changed to trigger the updated SIB1. Hence the UE needs to re-read all SI upon reception of a dedicated SIB1.
Proposal 2 Similarly to legacy behavior, the UE shall update other SI according to the value tag upon reception of a dedicated SIB1.
2.3 Behaviour at handover

According to the current specification, only parts of the SIB1 of the target cell can be sent at handover. Instead, the UE may acquire SI in the target cell at handover completion. However, in our scenario, the UE may be unable to acquire SI autonomously. One way to solve this is that the eNB may provide the UE with full SIB1 information in a dedicated transmission as already has been agreed. Another way to solve the problem would be to include the full SIB1 in the handover command. That would reduce the need to transmit the dedicated SIB1 (more or less) immediately after handover completion, but that solution creates a bigger handover command message, and it is beneficial to keep that message small in size. Hence, we think it is not necessary to include more SIB1 parameters in the handover command.

Proposal 3 Similarly to legacy handover, it is not necessary to add the full SIB1 of the target cell to the handover command as the target eNB may send it to the UE after handover completion.

2.4 Initiation of the SI acquisition procedure based on paging

According to the current procedure, the UE acquires new SI if paging is received containing the systemInfoModification field. In our scenario, it has been argued that because the UE cannot acquire SIB1 autonomously, there is no point in triggering this acquisition. Instead, the UE can save power. However, with the currently agreed signalling, the UE does not know if the eNB will provide a dedicated SIB1 at the next SIB1 update, hence the UE cannot stop searching for paging messages or stop trying to acquire SIB1 if such a paging message is found. This implies that the UE maintains its legacy behaviour.
Proposal 4 The UE maintains legacy behavior and may continue to search for paging messages and try to acquire SIB1 if the eNB has transmitted a dedicated SIB1 to the UE.
2.5 Validity

The UE considers system information to be invalid three hours after it was confirmed valid. After the three hours, the UE is triggered to reacquire system information. In the feICIC scenario the UE may not be able to autonomously acquire SIB1 and has to rely on the eNB to supply it with dedicated SIB1. The problem is that when the system information becomes invalid and cannot be acquired, there is no UE action defined.
There are two cases when this problem arises.

1.
The UE is stationary in the CRE zone for three hours without any change to system information

2.
The UE enters the CRE zone from the pico centre with short time left on the “invalidity timer”

In the first case the eNB can keep track of the time since it last sent system information to the UE and ensure this happens more often than every three hours.

In the second case, the eNB does not know how much time the UE has left until the system information is declared invalid. But the eNB knows when the UE enters the CRE zone, and hence one potential solution is that the eNB sends the UE SIB1 upon entering the CRE zone, even though the UE already has valid SI. This would reset the timer in the UE.
Thus, we think that the problem of SI validity can be left to eNB implementation.

Proposal 5 The eNB can assist the UE in having valid SI in the CRE zone.

2.6 Sending other SIBs over dedicated channel

So far, RAN2 has agreed that SIB1 may be sent using dedicated signalling. The reason behind this is that SIB1 transmissions may be interfered by an aggressor cell and that SIB1 transmissions cannot be rescheduled in time to coincide with a protected subframe. However, this limitation does not apply to other SIBs, which can be scheduled in protected subframes. Thus, it is not necessary to transmit other SIBs than SIB1 using dedicated signalling.

Proposal 6 No other SIB, but SIB1, can be sent using dedicated signaling.
3 Conclusion

Based on the discussion in section 2 we propose the following:

Proposal 1
The UE shall apply dedicated SIB1 at the next modification period boundary.
Proposal 2
Similarly to legacy behavior, the UE shall update other SI according to the value tag upon reception of a dedicated SIB1.
Proposal 3
Similarly to legacy handover, it is not necessary to add the full SIB1 of the target cell to the handover command as the target eNB may send it to the UE after handover completion.
Proposal 4
The UE maintains legacy behavior and may continue to search for paging messages and try to acquire SIB1 if the eNB has transmitted a dedicated SIB1 to the UE.
Proposal 5
The eNB can assist the UE in having valid SI in the CRE zone.
Proposal 6
No other SIB, but SIB1, can be sent using dedicated signaling.
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