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1 Introduction
In RAN2#98 meeting in Hangzhou, RAN2 discussed SFN mismatch issue that may happen between eNB and eDRX UEs in RRC_IDLE [1]. In this paper, we further discuss the issue and how it should be addressed.
2 Discussion
2.1 Motivation

Figure 1 explains how the SFN mismatch can happen between eNB and eDRX UEs (see also [1] for details). When eNB performs eNB reset event, legacy UE (i.e., the UE which is not configured with eDRX cycle) will typically encounter a radio link failure since eNB temporary stops transmission during eNB reset, which results into reselection to another cell. However, if the UE is configured with longer eDRX cycle than the time it takes for eNB reset, the UE may stay camping in the cell where the eNB reset occurs. This is because a UE which is configured with eDRX performs serving cell measurement within a PTW in every eDRX cycle. Since eDRX cycle is up to about 2.9 hours for NB-IoT UE or 44 minutes for non NB-IoT UE, and that PTW period is mostly likely set to 10s order, there is a possibility that the PTW period where the UE performs serving cell measurements and the eNB reset period do not overlap, so that the UE miss the measurement trigger to perform reselection to other cell. The SFN broadcast by eNB after reset procedure may have discontinuous value from the one broadcast before the reset, due to errors in time synchronization. When this occurs the SFN between eNB and the UE may be misaligned. If the SFN mismatch happens, UE cannot receive the Paging message because Paging Occasion (PO) is not aligned between eNB and UE. This means that mobile terminating data transmissions cannot be performed until the mismatch is resolved. Note that the SFN mismatch will not be resolved until UE considers stored SI to be invalid which will then re-acquire the SIB. This will take 24 hours for BL UEs, UEs in CE, or NB-IoT UEs and 3 hours for other UEs in the worst case (see TS36.331). Therefore, once the SFN mismatch happens, it is foreseen that there could be a long service interruption which will create significant impact in some services. 
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Figure 1 Problematic case

In RAN2#98 meeting in Hangzhou, some company argued that the SFN mismatch rarely happens since eNB reset is a rare case. However, the eNB reset procedures may be triggered for various reasons, not only for eNB failure but also for software update including bug fixing, parameter changes, etc. Therefore, the eNB reset is performed at least once in a month (or sometimes more frequently). It is also our observation that the eNB reset event may not always visible in the operator network monitoring tools but rather only visible in the OAM network element manager, especially when it could be finalized in relatively short time. 

One may wonder whether eNB reset would always result into SFN mismatch, i.e., whether the SFN broadcast before and after eNB reset would always be discontinuous (or reset), which will create SFN mismatch between the UE and the eNB. Our finding is that although it may be differ between eNB implementations, in most cases of the network which performs time synchronization by NTP (Network Time Protocol) this would happen due to time synchronization error which is typically more than 10ms. 
Furthermore, the SFN mismatch may also happen other than eNB reset case: since the SFN mismatch is due to errors in time synchronization, it can happen whenever the eNB performs time synchronization e.g., detecting de-sync with Core Network. 

Observation 1:
The SFN mismatch can happen frequently, e.g., at least once in a month.
To resolve the SFN mismatch issue, we proposed in the last meeting that “UE acquires system information at least once within a PTW”. However, it was pointed out that acquiring system information frequently would shorten the UE’s battery life. Taking this into consideration, we are also of the opinion that the solution should not bring impact to the UE’s battery consumption. So we would like to discuss potential solutions which can resolve the issue while saving UE’s battery consumption.
Proposal 1:
RAN2 to discuss the potential solution to resolve the SFN mismatch issue while saving UE’s battery consumption.
2.2 Potential solutions
2.2.1 eNB implementation solution

In the last meeting in Hangzhou, it was suggested that the SFN mismatch issue can be resolved if eNB transmits Paging which includes SystemInfoModification-eDRX in all Paging Occasions. By transmitting Paging in all Paging Occasions, the UE can receive Paging even if there is a SFN mismatch between eNB and the UE. As specified in section 5.2.1.3 of TS36.331, if the UE in RRC_IDLE that is configured to use a DRX cycle longer than the modification period receives SystemInfoModification-eDRX, the UE acquires system information at the next system information acquisition boundary. Therefore, the SFN mismatch can be resolved.

However, even if this solution is applied, service interruption time is still long. The boundaries of eDRX acquisition period are defined as H-SFN mod 256 =0 for non-NB-IoT UE and H-SFN mod 1024 =0 for NB-IoT. Then, as shown in figure 2, service interruption time in the worst case would be as follows:


eDRX cycle + 44 min(*1), for non NB-IoT UE


(*1) (H-SFN (10.24sec) * 255 = 44min)


eDRX cycle + 175 min(*2), for NB-IoT UE



(*2) (H-SFN (10.24sec) * 1023 = 175min)
In addition, this solution may have impact on UE’s battery life since the UE basically acquires all system information that is included in SchedulingInfoList.
Observation 2:
The implementation solution that eNB transmits Paging including SystemInfoModification-eDRX in all Paging Occasions does not resolve the SFN mismatch issue until the next eDRX acquisition period boundary. 

Observation 3:
The implementation solution may have impact on UE’s battery life since the UE basically acquires all system information that is included in SchedulingInfoList.
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Figure 2 eNB implementation solution (for NB-IoT case)
2.2.2 Standardized solution

To address the downsides described in Observation 2 and 3, one alternative is to specify the UE behaviour that the UE immediately acquires only MIB and SIB1 (which contains SFN and H-SFN, respectively) after receiving Paging. One of the solutions is to define a flag in Paging message to indicate such purpose. After eNB reset, eNB transmits Paging including the flag in all Paging Occasions, and the UE acquires MIB and SIB1 upon receiving the Paging. Since the UE monitors Paging message at least once in a eDRX cycle, the service interruption time in the worst case would be the same as eDRX cycle. Furthermore, in this solution, the UE’s battery consumption could be saved because the UE acquires only MIB and SIB1.
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Figure 3 standardized solution: define a flag in Paging message
Another way to address the issue is to clarify a guideline for UE implementation such that the eDRX UE shall ensure that SFN synchronization is performed in an appropriate manner. With this guideline, it is expected that the UE in RRC_IDLE which is configured to use long DRX cycle, e.g., couple of minutes or longer, will acquire MIB and SIB1 in an appropriate timing and period in order to prevent SFN mismatch. We are also fine with this kind of specification clarification. However, it should be noted that this kind of implementation still may increase UE’ battery consumption because the UE needs to acquire MIB and SIB1 in some periodical manner regardless of whether eNB performs eNB reset. Therefore, we think a solution that can limit the SFN reading only when it is needed would be more beneficial from UE battery consumption perspective. 
Proposal 2:
To introduce the flag which indicates eDRX UE to acquire MIB and SIB1 immediately in Paging message.
Since eDRX function is introduced in Rel-13, we suggest introducing the proposed solution from Rel-13.
3
Summary and Proposal 

In this paper, we discussed the SFN mismatch issue that can happen between eNB and eDRX UEs and how it should be addressed. Followings are the observations and proposal:
Observation 1:
The SFN mismatch can happen frequently, e.g., at least once in a month.
Observation 2:
The implementation solution that eNB transmits Paging including SystemInfoModification-eDRX in all Paging Occasions does not resolve the SFN mismatch issue until the next eDRX acquisition period boundary. 

Observation 3:
The implementation solution may have impact on UE’s battery life since the UE basically acquires all system information that is included in SchedulingInfoList.
Proposal 1:
RAN2 to discuss the potential solution to resolve the SFN mismatch issue while saving UE’s battery consumption.
Proposal 2:
To introduce the flag which indicates eDRX UE to acquire MIB and SIB1 immediately in Paging message.
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