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1 Introduction
This paper discusses SFN mismatch that may happen between eNB and eDRX UEs in RRC_IDLE, specifically due to eNB reset event. This paper explains how this problem happens and impacts on IoT services, and proposes to address the issue in the standardization.
2 Discussion
The eNB reset procedures may be triggered for various reasons, such as during eNB failure, software update, parameter changes, etc. When eNB reset event occurs, which usually takes a couple of minutes, the eNB stops the radio transmission and performs the reset procedures. During this time, a UE will typically encounter a radio link failure which resulted into reselection to another cell. This is according to section 4.2.2.1 in TS 36.133which specifies that a UE NOT configured with eDRX, performs measurement of serving cell at least every DRX cycle which is up to 2.56 sec. Therefore, the non-eDRX UE can detect that the camped cell is no longer available and tries to find other suitable cell if eNB reset is performed. 
On the other hand, the UE which is configured with eDRX cycle relatively longer than the time it takes for eNB reset may encounter SFN mismatch with the serving cell. 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. Hence, the UE configured with eDRX may stay camping in the cell where the eNB reset occurs. Furthermore, as part of the reset procedure, the eNB performs time synchronization by e.g., GPS or NTP (Network Time Protocol) before the eNB performs any radio transmission. However, since there is typically a synchronization error of 10ms or more, after the reset procedure, the eNB and UE may not be synchronized in SFN level, i.e., the SFN that is broadcast by the eNB is no longer the same with the SFN that is kept/managed in the UE.

Observation 1:
If UE is configured with longer eDRX cycle than the time it takes for eNB reset, there is a possibility that the UE may miss the measurement trigger to perform reselection to other cell, hence the UE stays camping in the cell where the eNB reset occurs.
Observation 2:
If the eNB reset is performed, SFN mismatch between eNB and the UE in long eDRX sleep may happen.

Even when the SFN mismatch happens, it would be resolved if UE fails to decode RS at the serving cell measurement (see Figure 1(a)). In that case, the UE performs cell selection and as a result it will be synchronized with the eNB in SFN level. However, if UE happens to decode RS successfully, the serving cell measurement is performed but SFN mismatch between eNB and the UE is not resolved since it is understood that in this case, the UE does not acquire system information. As shown in Figure 1 (b), this problem happens if the start of radio frame between the eNB and the UE is aligned or misaligned in10ms (or multiples of 10ms).
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Figure 1(a) Normal case
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Figure 1(b) Problematic case

If SFN mismatch happens, mobile terminating data transmissions cannot be performed because Paging Occasion (PO) is not aligned between eNB and UE and the UE cannot receive Paging message. Not being able to receive Paging message is a severe problem since mobile terminating data transmissions cannot be performed.
This problem can be resolved when UE acquires system information and obtain SFN broadcast by eNB. Let us see whether the problem can be resolved by the existing procedures. The following list shows the conditions, according to the present TS 36.331 where UE in RRC_IDLE initiates the system information acquisition procedure:
(a)
UE triggers cell reselection procedure and moves to a neighbour cell.

(b) UE receives indication of ETWS or CMAS.

(c)
UE generates uplink traffic and resumes uplink transmission (i.e., MO data transmission).
(d) UE receives Paging message which involves systemInfoModification.
(e) UE considers stored system information to be invalid.

As explained earlier, since there is good probability that the eDRX UE may not be performing a serving cell measurements during the time the eNB stops the radio transmission (i.e,, reset procedure is performed), the UE may miss the condition where the serving cell measurements would trigger the cell reselection to another cell, it is obvious that condition (a) cannot be used to solve this problem. Condition (b) cannot resolve all the problematic case since the ETWS/CMAS indication itself is indicated in Paging message, and the UE is in a condition where it cannot receive Paging message. As for condition (c), it may be argued that if the UE frequently initiates uplink transmissions, the issue would not be serious since condition (c) can resolve the mismatch issue. However, since IoT UEs are not expected to generate uplink traffic so frequently e.g., once every 24 hour, and waiting for the next uplink message would cause too long service interruption delay. Especially, for UEs having applications which generate UL data only in response to the request from server, e.g., a security application, the problem cannot be resolved by condition (c). Therefore we should not expect that the issue would be resolved by condition (c). Condition (d) also does not resolve the issue since Paging message cannot be received by UE, as stated already.
In our understanding, condition (e) can only resolve the issue. However, as shown in section 5.2.1.3 of TS 36.331, it takes very long time until UE considers stored system information to be invalid and acquires system information, i.e., 24 hours for BL UEs, UEs in CE, or NB-IoT UEs and 3 hours for other UEs in the worst case. Therefore, there is a long service interruption and significant impact from service and business perspective.
Observation 3:
When this issue happens, mobile terminating data transmissions cannot be performed until UE considers stored SI to be invalid, which takes 24 hours for BL UEs, UEs in CE, or NB-IoT UEs and 3 hours for other UEs in the worst case.

One may argue that the issue can be resolved by eNB, e.g., after eNB performed reset procedure, eNB does not restart the radio transmissions until all eDRX UEs perform serving cell measurements and reselection to other cell, i.e., eNB waits for the maximum eDRX cycle that its configures to UEs before it restart the radio transmission. However, if this solution is applied, Non eDRX UEs may face unnecessary long service interruption  time. We believe this issue needs to be resolved by standardized mechanism. 
Proposal 1:

RAN2 to discuss the above mentioned problem and to agree on addressing the issue in the standardization.
A straightforward solution to resolve the issue is by specifying that UE acquires system information at least once within a PTW, i.e., UE obtains SFN broadcast by eNB when the UE wakes up from eDRX sleep, to synchronize with the eNB in SFN level. We propose for RAN2 to consider this solution.
Proposal 2:
RAN2 to discuss the solution that UE acquires system information at least once within a PTW.
3
Summary and Proposal 

In this paper, we discussed SFN mismatch that may happen between eNB and eDRX UEs in RRC_IDLE due to eNB reset. Followings are the observations and proposals:
Observation 1:
If UE is configured with longer eDRX cycle than the time it takes for eNB reset, there is a possibility that the UE may miss the measurement trigger to perform reselection to other cell, hence the UE stays camping in the cell where the eNB reset occurs.

Observation 2:
If the eNB reset is performed, SFN mismatch between eNB and the UE in long eDRX sleep may happen.

Observation 3:
When this issue happens, mobile terminating data transmissions cannot be performed until UE considers stored SI to be invalid, which takes 24 hours for BL UEs, UEs in CE, or NB-IoT UEs and 3 hours for other UEs in the worst case.

Proposal 1:

RAN2 to discuss the above mentioned problem and to agree on addressing the issue in the standardization.
Proposal 2:
RAN2 to discuss the solution that UE acquires system information at least once within a PTW.
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