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1   Introduction
In the last RAN2 meeting, it was agreed that eNB provide SIB1 via dedicated RRC signalling to the victim UEs in the CRE area, after that, some details on this issue were further discussed in the email discussion [1]. However, the system information valid duration restriction has not been concerned during the discussion, and we think it will cause some problem on this issue. In this contribution, we analyze the problem introduced by the valid duration restriction, and propose the solutions. 
2   Description of the problem
For the legacy system information acquisition procedure, the UE considers the stored system information to be invalid after 3 hours from the moment it was successfully confirmed as valid, unless specified otherwise. Then the UE would renew sytem information when the valid duration passed[2]. With the 3 hours valid duration restriction, we think the following problem will be introduced when the dedicated SIB1 signaling is applied for the victim UEs.
As shown in figure 1, a UE gets the latest valid system information in RRC_IDLE state when entering the pico cell coverage(T1 for UE1 and T2 for UE2), and then goes to RRC_CONNECTED and moves into the victim area(CRE with bias between 6dB to 9dB). The UE may stay there for a period during which the stored system information goes invalid with the 3 hours valid duration restriction. At that moment, the UE will initiate the system information acquisition procedure, however, it may not be able to receive the broadcasted SIB1 under the strong interference. Meanwhile, as eNB doesn’t know when the victim UE acquires the latest system information, so it cannot deduce when it will turn to be invalid, so that no dedicated SIB1 will be provided to the UE. We can see that the UE has no valid system information to use in this scenario. 
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Figure 1.Scenario1 for the UE getting latest system information in the centre area
As shown in figure 2, for the UE handovered from aggressor cell to the victim area, the UE can get the system information via the dedicated SIB1 and broadcasted MIB/SIB2/SIB8 (depending on support of CDMA2000), and then considers the system information as valid in 3 hours. During this period, if no system information changes, no updated dedicated SIB1 or broadcasted SIB1 will be provided to the UE, and then the stored system information will turn to be invalid. At this time the UE will initiate the system information acquisition procedure, but it may not receive the broadcasted SIB1 successfully if it is being victim. This problem exists regardless of whether the UE keeps staying in the victim area or not, as shown in figure 2, the UE may leave the victim area for a while and come back again. This problem is not as severe as that shown in figure 1, since the eNB knows the time UE receiving the previous dedicated SIB1 and can use it as a reference for transmitting the next dedicated SIB1 before 3 hours go out, so that this problem can be resolved by eNB implementation. 
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Figure2. Scenario2 for the UE getting latest system information after handover
As a conclusion, we can see the problem mainly exists in scenario1, where the UE cannot be provided with dedicated SIB1 when the stored system information goes invalid, therefore it will have no valid system information to use. We think this is an abnormal case and should be avoided.
Proposal 1: The problem introduced by the valid duration of the system information should be considered.    
3   Solution  
From the analysis in section 2, we can see that the key matter is that the eNB doesn’t know the time when each UE’s stored system information turns to be invalid in scenario1. In the legacy network, the eNB has no need to care about this, it only broadcasts the system information periodically, and the UE tries to acquire it when necessary, e.g., when the stored system information goes invalid. However, for the UEs in the victim area, they may not be able to acquire the broadcasted SIB1 and can only get it via dedicated signaling. For solving this problem, the victim UEs should be ensured to be provided with the dedicated SIB1 when the stored system information goes invalid. Here we propose the following three solutions. 
Alt1: eNB transmits a dedicated SIB1 to a UE when it enters the victim area, and retransmits SIB1 before 3 hours go out. 
In this method, the valid duration of system information remains 3 hours. eNB records the moment when the previous dedicated SIB1 was sent to each UE respectively, and then make sure to retransmit it before 3 hours go out if the UE is still in the victim area. For the victim UE handovered from the aggressor cell, eNB always provides the dedicated SIB1 after the handover completion, and then records this time to determine when to retransmit the dedicated SIB1 if no system information change occurs. For the UE coming from center area, eNB has to provide the dedicated SIB1 when the UE enters the victim area, and record this time as a reference for the next tranmission of dedicated SIB1. As shown in figure 1, the UE1 gets the latest valid system information at T1, but eNB doesn’t know this, so it cannot deduce when the system information will get invalid, therefore it has to transmit the dedicated SIB1 to UE1 at T1’ upon it entering victim area and use this time as a reference for the next transmission. 
From the UE side, whenever it receives a dedicated SIB1, it tries to acquire the broadcasted MIB/SIB2/SIB8 to update the stored system information, regardless of whether a paging message indicating system information modification has been received or not. 
This solution has little effect to the specification as there is no need for new signaling, but it introduces some complexity to eNB, e.g., eNB has to track each victim UE’s receiving time of the last dedicated SIB1. As the UEs may enter the victim area at different time (T1’ for UE1 and T2’ for UE2 in figure 1), eNB has to maintain the records for each UE respectively. Furthermore, eNB has to transmit dedicated SIB1 whenever a UE enters the victim area, although the UE may stay there for a short while during which the system information would not get invalid probably, here this SIB1 transmission is actually unnecessary and causes a big signaling overhead. As the ABS resource is much valuable for the pico cell, this defect is considerable.
Alt2: The valid duration for the system information of the victim UE is set to be infinite.
In this method, the valid duration for the system information of the victim UE is set to be infinite, so it will never get invalid. The setting can be configured via an implicit way by the UE, e.g., when the UE receives a dedicated SIB1, it tries to update all the system information, after that the valid duration of this updated system information is considered to be infinite autonomously. The UE will execute the next updating only when a paging indicating the system information modification is received. Similar as alt1, for the victim UE handovered from the aggressor cell, eNB always provides the dedicated SIB1 after the handover completion. For the victim UE coming from center area, eNB also has to provide the dedicated SIB1 whenever a UE enters the victim area to ensure this UE always has valid system information in the victim area. For the system information acquired via the legacy acquisition procedure, e.g., UE receives the broadcasted MIB/SIB1/other SIBs, the valid duration remains 3 hours. 

Compared with alt1, this solution is simple for eNB with no need to track the UE’s SIB1 receiving time. However, the UE has to apply different valid durations for the system information related to the dedicated SIB1 and the broadcasted SIB1 respectively, which is an additional complexity for UE. Since eNB has to provide the dedicated SIB1 whenever a UE enters the victim area, this solution also causes a big signaling overhead.
Alt3: The victim UE requests eNB to provide the dedicated SIB1 when necessary.

In this method, the valid duration of system information remains 3 hours. When the victim UE’s stored system information gets invalid, it initiates the system information acquisition procedure. If the legacy SIB1 acquisition is allowed for the UE, it will try to receive the broadcasted SIB1 at first. In case the UE can acquire the broadcasted SIB1, no request will be sent; otherwise the UE will request the eNB to provide the dedicated SIB1. The trigger for the UE to initiate the request can be discussed further, e.g., starting a timer when the system information gets invalid and initiating the request if no broadcasted SIB1 is received until it expires, or by a UE implementation way. If the legacy SIB1 acquisition is not allowed, the UE may initiate the request immediately when the system information goes invalid. 

This method can also be applied for the other scenarios, e.g., the system information has changed. In this scenario, the UE tries to receive the broadcasted SIB1 at first, only when it fails, the request will be initiated. This method was already discussed as an optional solution for the victim UE identification issue in email discussion [1]. However, we mainly evaluate it only for the identification issue before, and we can reconsider it for the problem proposed in this contribution.
We can see that alt3 is much beneficial for the signaling overhead as eNB only transmits the dedicated SIB1 when necessary, and it is very simple to implement. However, the new request signaling will be introduced. 

As analyzed above, there are both pros and cons for the above three solutions. Compared with alt1 and alt2, alt3 is easy to implement with the most minimum signaling overhead, which we think should be adopted. 
Proposal 2: The victim UE requests eNB to provide the dedicated SIB1 when necessary with the 3 hours valid duration of the system information.
4   Conclusion

This contribution analyses the system information acquisition problem for the victim UE under the valid duration restriction. With this restriction, the main matter is that eNB cannot know when the UE’s current stored system information will get invalid so that no dedicated SIB1 will be provided upon this happening, and that will cause the victim UE has no valid system information to use. We propose three solutions for this problem, and finally give our preference based on the analysis of them.  
Proposal 1: The problem introduced by the valid duration of the system information should be considered.  
Proposal 2: The victim UE requests eNB to provide the dedicated SIB1 when necessary with the 3 hours valid duration of the system information.
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