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1 Introduction
In the RAN4 #88 meeting, the requirement table to capture whether UE could maintain serving cell timing or not is agreed as follow.
	Table 6.2.1.2.1-1: Time to identify target NR cell for RRC connection re-establishment to NR intra-frequency cell
	Serving cell SCH Ês/Iot (dB)
	Frequency range (FR) of target NR cell
	Tidentify_intra_NR [ms]

	
	
	Known NR cell
	Unknown NR cell

	≥ X
	FR1
	MAX (200 ms, [5] x TSMTC)
	MAX (800 ms, [10] x TSMTC)

	≥ X
	FR2
	N/A
	MAX (1000 ms, [80] x TSMTC))

	< X
	FR1
	N/A
	800Note1

	< X
	FR2
	N/A
	[bookmark: _Hlk521492617]3420Note1

	Note 1:	TSMTC =20 ms when serving cell SCH Ês/Iot < X


Editor’s note: The SCH Ês/Iot threshold (i.e, value of X) can be later decided based on RLM test cases.
Table 6.2.1.2.1-2: Time to identify target NR cell for RRC connection re-establishment to NR inter-frequency cell
	Serving cell SCH Ês/Iot (dB)
	Frequency range (FR) of target NR cell
	Tidentify_inter_NR, i [ms]

	
	
	Known NR cell
	Unknown NR cell

	≥ X
	FR1
	MAX (200 ms, [6] x TSMTC, i)
	MAX (800 ms, [13] x TSMTC, i)

	≥ X
	FR2
	N/A
	MAX (1000 ms, [104] x TSMTC, i))

	< X
	FR1
	N/A
	[bookmark: _Hlk521492632]800Note1

	< X
	FR2
	N/A
	4000Note1

	Note 1:	TSMTC,i =20 ms when serving cell SCH Ês/Iot < X


Editor’s note: The SCH Ês/Iot threshold (i.e, value of X) can be later decided based on RLM test cases.


In the RAN4 #88bis meeting, the serving cell SCH Ês/Iot threshold X in RRC re-establishment requirement was agreed as follow[1]. 
	· Threshold X value of NR SCH Es/Iot should be derived based on the highest SNR value for Qout simulation and should be less than -6dB.


In this paper, we will continue to discuss the serving cell threshold for RRC re-establishment when UE will be out of synchronization with the serving cell. 
2 RRC Re-establishment Discussion
There are several reasons that will result in RRC re-establishment procedure, such as Radio link failure, Handover failure, etc. If re-establishment occurs due to radio link failure (RLF), it may mean that UE is already losing track of the serving cell timing. The reason for introducing the threshold to differ UE’s behaviour in RRC re-establishment procedure is that once RLF happens, the reference timing from the serving cell becomes unreliable, it is not guaranteed that UE can still detect the SSB in inter-frequency layers even though the full SSB timing information (periodicity, offset, duration) of inter-frequency layers are provided.
Qout Simulation Result
[bookmark: _GoBack]It is agreed that the threshold X value of NR SCH Es/Iot should be derived based on the highest SNR value for Qout simulation. With the configuration shown in TS38.133 Table 8.1.2.1-1, the SNR for out-of-sync simulation results for PDCCH can be found as follow:
Table 1 PDCCH results for Out-of-sync
	Qout (dB) @2RX
	Source

	
	setting
	R4-1812567
	R4-1812848
	R4-1813475
	R4-1812124
	MTK
R4-1814872
	Average

	Test 1
	10MHz; 
SCS:15KHz; 
TDL-C
	-10.1
	-10.27
	-10.06
	-11
	-8.8
	-10.03

	Test 2
	40MHz; 
SCS:30KHz;
TDL-C
	-10.6
	-10.18
	-9.18
	-9.6
	-8.5
	-9.37

	Test 3
	100MHz; 
SCS:120KHz;
TDL-A
	
	-10.08
	-9.07
	-10.8
	-8.8
	-9.69


[bookmark: _Ref528675431]Observation 1: The highest SNR value for Qout simulation is -9.5dB.
Threshold X
The possible threshold could be either larger or less than the OOS SNR. Once the threshold X is less than the Qout, there is three typical scenarios based on Qout SNR and threshold X.Table 2. The Requirement and UE behaviour when Threshold X is less than Qout SNR
	[image: ]
	Scenario
	Requirement
	UE condition

	
	S1
	normal requirement
	In-Sync
normal re-establishment behaviour

	
	S2
	normal requirement
	OOS 
UE needs additional time for SYNC

	
	S3
	Provide additional margin and limited # of layers for cell search
	OOS 
UE needs additional time for SYNC


In scenario 2, UE will be OOS and may be already losing track of the serving cell timing. In this case, it is infeasible to search all frequency layers, especially with SMTC periodicity larger than 20ms. In the meantime, Qout SNR is already low. Setting threshold X to be even lower than Qout SNR means more uncertainty for UE’s re-establishment behaviour because of larger estimation error in this region. Obviously, threshold X is not reasonable to set below Qout SNR in this scenario.
[bookmark: _Ref528675441]Observation 2: Once threshold X set less than Qout SNR, UE will fail the requirement when estimated SNR is less than Qout SNR but larger than threshold X.
Furthermore, considering the threshold X is higher than Qout SNR. The three typical scenarios will be as follow.
Table 3. The Requirement and UE behaviour when Threshold X is larger than Qout SNR
	[image: ]
	Scenario
	Requirement
	UE condition

	
	S1
	normal requirement
	In-Sync 
normal re-establishment behaviour

	
	S2
	Provide additional margin and limited # of layers 
	In-Sync 
UE needs special handling

	
	S3
	Provide additional margin and limited # of layers 
	OOS 
UE needs additional time for SYNC


In scenario 3, when SNR is less than Threshold X but still higher than Qout SNR threshold, it means UE is provided with some margin for SNR estimation error. On the one hand, if the threshold is too close to Qout SNR, UE may still fail the requirement because of the uncertainty in SNR estimation. On the other hand, UE always expect to finish re-establishment procedure as early as possible to avoid poor user experience. Considering to define the minimum requirement in specification, the Threshold X should be larger than Qout SNR. It’s reasonable to use SNR estimated error as a margin [1]. Our proposal is 1.5dB margin based on our simulation result shown in Figure 1 below. 
[image: ]
[bookmark: _Ref528675823]Figure 1. SNR estimation error for Test 2
[bookmark: _Ref528675448]Proposal 1: It’s up to UE’s implementation when SNR estimation result is less than threshold X but UE is still in-sync.
[bookmark: _Ref528675452]Proposal 2: The threshold X should be -8dB in RRC re-establishment requirement.
3 Summary
In this paper, we propose the RRC Re-establishment requirement for SA NR.
Observation 1: The highest SNR value for Qout simulation is -9.5dB.
Observation 2: Once threshold X set less than Qout SNR, UE will fail the requirement when estimated SNR is less than Qout SNR but larger than threshold X.
Proposal 1: It’s up to UE’s implementation when SNR estimation result is less than threshold X but UE is still in-sync.
Proposal 2: The threshold X should be -8dB in RRC re-establishment requirement.
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