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1 Introduction
In RAN2#99 meeting in Berlin, RAN2 discussed SFN mismatch issue that may happen between eNB and eDRX UEs in RRC_IDLE [1]. Some companies doubted that the SFN mismatch issue needs to be addressed in the standardization since they thought the SFN mismatch rarely happens. In this paper, we further clarify the probability of occurrence and potential solutions to address the problem.
2 Discussion
2.1 Motivation

As shown in Figure 1, the SFN mismatch occurs when the UE successfully decodes Reference Signal (RS) but eNB and UE are not synchronized in SFN level. This occurs when the time drift between eNB and UE is around 10ms (or multiple of 10ms).  Details are explained as follows.
[image: image1.emf]eDRX UE

eNB

eNB reset

1 2 3

eDRX sleep

1 2 3

4

7 8 9

10

SFN

SFN

10 11

10ms

PTW

eDRX cycle

If UE successfully decodes RS, serving cell 

measurement is performed, but SFN 

mismatch between eNB and the UE 

happens since the UE does not acquire SI.


Figure 1: Problematic case

To our understanding, the time drift occurs due to not only time synchronization error in eNB but also clock accuracy error in UE. In general, UE has their implementation that the UE successfully decodes RS when the time drift is within X OFDM symbols where X is up to the UE implementation. An example scenario when X = 1 is shown in Figure 2. In this scenario, the UE successfully decodes RS when the time drift is within 10ms (or multiple of 10ms) plus-minus 1 OFDM symbol, i.e., the time drift is [10 ms – 71.4 us, 10 ms + 71.4 us] assuming that normal CP is applied. Therefore, the probability that the SFN mismatch happens can be calculated as:
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Figure 2: Example scenario for X=1
In general, the probability for X OFDM symbol drift can be calculated as:
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The probability of the SFN mismatch for various X is summarized in Table 1. Although the probability depends on UE’s implementation, we can see that more than 2% of UEs would suffer from the SFN mismatch when eNB performs reset. Therefore, we believe that the SFN mismatch brings serious service impact especially for e.g., security application, gas leak monitoring, etc., and need to be addressed in the standardization.

Table 1: The probability that the SFN mismatch happens for X=1, 3, and 5
	X=1
	X=3
	X=5

	2.1%

(=3/140)
	5.0%

(=7/140)
	7.8%

(=11/140)


Observation 1:
When eNB reset occurs, more than 2% of UEs would suffer from the SFN mismatch.

Proposal 1: 
RAN2 to recognize the SFN mismatch issue has serious impact and address the issue in the standardization.
2.2 Potential solutions
During the last RAN2 meeting, the following solutions were discussed. 

Table 2: Potential solutions
	Solution
	Overview
	Service interruption time (worst case)
	Impact on UE’s battery life

	1)

eNB implementation
	eNB transmits Paging which includes SystemInfoModification-eDRX in all Paging Occasions. 
UE acquires scheduled SI at the next SI acquisition boundary.
	( Long

- eDRX cycle + 44min (other than NB-IoT)
- eDRX cycle + 175min (NB-IoT)
	(

	2)

UE implementation
	UE acquires MIB and SIB1 to maintain synchronization with eNB in appropriate timing.
	( Up to UE implementation
	( Larger than other solutions
(UE periodically acquires MIB and SIB1)

	3)

Standardized solution (proposed in R2-1708372)
	Define a new flag (SystemInfo Modification-eDRX-SFN) in Paging message. 
eNB transmits Paging which includes the flag in all Paging Occasions. 
The UE immediately acquires MIB and SIB1 after receiving the flag.
	( Shorter than other solutions (same as eDRX cycle length)
	( Slightly less impact than solution 1


After further studies, we found that solution 1 and solution 3 have some problems in eMTC and NB-IoT. In solution 1 and 3, eNB transmits Paging in all Paging Occasions. However, if larger number of repetitions is configured for the UE, typically the network would configure the PO such that it may not exist in every radio frame. Therefore, the UE cannot receive the direct indication or Paging message due to 1) mismatch of scrambling sequence and 2) existence of SI (see Figure 3).
1) Mismatch of scrambling sequence

According to TS 36.211, the scrambling sequence is initialized at a certain interval. In NB-IoT, for example, the scrambling sequence of NPDCCH is initialized in every 4th subframe.

10.2.5.2
Scrambling

Scrambling shall be done according to clause 6.8.2. The scrambling sequence shall be initialised at the start of subframe k0 according to [4] section 16.6 and after every 4th NPDCCH subframe with 
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is the first slot of the NPDCCH subframe in which scrambling is (re-)initialized.
Therefore, when SFN mismatch occurs, the scrambling sequence between eNB and UE is misaligned, hence the UE would fail to decode the NPDCCH including direct indication or scheduling Paging message.

2) Existence of SI

When the NPDCCH transmission with repetitions for direct indication or scheduling paging message is ongoing, eNB does not transmit the NPDCCH in subframes which are scheduled to transmit system information (SI). But UE with SFN mismatch mistakenly continues to receive those subframes since the UE understands that those subframes are valid for paging transmission. Therefore, the UE would fail to decode the Paging.
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Figure 3: Problems in Solution 1 and 3 (NB-IoT case)
Observation 2:
Solution 1 and 3 in table 2 does not work in eMTC and NB-IoT if larger number of repetitions is configured with the UE and PO does not exist in every radio frame.
Taking the above observation into account, we think possible solution is UE based solution like solution 2. However, the downside of solution 2 is UE’s battery consumption due to periodical acquisition of MIB and SIB1 regardless of whether eNB performs reset. If the frequency of UE’s MIB and SIB1 acquisition setting can be controlled based on various information e.g., eDRX cycle length, service type, customer contract, or UE model type, the UE’s battery life saving can be optimized. Therefore, we propose a NW configurable timer based solution which defines a timer (and UE capability bit) in NAS layer as shown in Figure 4. In this solution, UE capability bit is sent from UE to MME by Attach or TAU Request. Then, MME decides how often the UE acquires MIB and SIB1, and setup the timer by Attach or TAU Accept. If the timer is configured, UE starts the timer when the UE goes to RRC_IDLE. At expiry of the timer, the UE shall acquire MIB and SIB1.

Since MME can determine the appropriate timer value based on eDRX configuration and UE’s subscriber information, the SFN mismatch can be resolved while saving UE’s battery life. 
Observation 3:
Even in UE-based solution like solution 2, UE’s battery life saving can be optimized if NW can decide how often the UE acquires MIB and SIB1 based on e.g., eDRX cycle length, service type, customer contract, or UE model type.
Based on the above observation, we propose the following:

Proposal 2:
To specify the feature that UE shall acquire MIB and SIB1 at the expiry of a timer which is configurable by MME via NAS layer.
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Figure 4: UE based solution in NAS layer
If proposal 2 is agreeable, we should send LS to CT1 to capture the above agreement into their specification.

Proposal 3:
Send LS to CT1 to inform and request to capture the above RAN2 agreement into their specifications, i.e., define UE capability bit in Attach/TAU request and a timer in Attach/TAU accept.

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:
When eNB reset occurs, more than 2% of UEs would suffer from the SFN mismatch.

Observation 2:
Solution 1 and 3 in table 2 does not work in eMTC and NB-IoT if larger number of repetitions is configured with the UE and PO does not exist in every radio frame.

Observation 3:
Even in UE-based solution like solution 2, UE’s battery life saving can be optimized if NW can decide how often the UE acquires MIB and SIB1 based on e.g., eDRX cycle length, service type, customer contract, or UE model type.

Proposal 1: 
RAN2 to recognize the SFN mismatch issue has serious impact and address the issue in the standardization.
Proposal 2:
To specify the feature that UE shall acquire MIB and SIB1 at the expiry of a timer which is configurable by MME via NAS layer.

Proposal 3:
Send LS to CT1 to inform and request to capture the above RAN2 agreement into their specifications, i.e., define UE capability bit in Attach/TAU request and a timer in Attach/TAU accept.
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