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Introduction
In last RAN4 #88 meeting, a CR was endorsed [1] to update the RRC re-establishment RRM requirement, in which the time delay to identify the target NR cell (Tidentify_NR) was updated depending not only on whether the target NR cell is known cell or unknown cell and on the frequency range (FR) of the target NR cell, but or so the serving cell SCH Ês/Iot, with the justification that if UE is out-of-sync, then the UE may lost the timing of serving cell, such that the timing of the “known” target cell in memory is not reliable anymore. In this case UE needs to re-synchronize to the “known” cell again, which would introduce additional delay.
So in core requirement the delay is further differentiated by the serving cell SCH Ês/Iot threshold X, which is TBD and can be decided based on RLM test cases. In this contribution, we will discuss the value of X based on our simulation RLM result.
Discussion
For information, here we duplicate the core requirement w.r.t the threshold XdB from TS38.133:
	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

	[bookmark: _Hlk522643071]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

	[bookmark: _Hlk521492648]< X
	FR2
	N/A
	4000Note1

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





As we all know RLM requirement is defined under certain scenario, i.e. with certain PDCCH transmission parameters which is defined in TS38.133 section 8.1. Take SSB based RLM out-of-sync for example. The hypothetical PDCCH BLER for Qout is 10% under the following configuration:
Table 8.1.2.1-1: PDCCH transmission parameters for out-of-sync (in TS38.133)
	Attribute
	Value for BLER pair#0
	Value for BLER pair#1

	DCI format
	1-0
	TBD

	Number of control OFDM symbols
	Same as the number of symbols of RMSI CORESET
	

	Aggregation level (CCE)
	8
	

	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	4dB
	

	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	4dB
	

	Bandwidth (MHz)
	Same as the number of PRBs of RMSI CORESET
	

	Sub-carrier spacing (kHz)
	Same as the SCS of RMSI CORESET
	

	DMRS precoder granularity
	REG bundle size
	

	REG bundle size
	6
	

	CP length
	Same as the CP length of RMSI CORESET
	

	Mapping from REG to CCE
	Distributed
	


With this configuration, the SNR for out-of-sync can be determined by simulation. Note that the exact SNR highly depends on the transmission parameters. Our simulation results for PDCCH can be found in [2]:
Table 1.  PDCCH results for 2x2
	2x2
	10MHz; SCS: 15KHz; TDL-C
	40MHz; SCS: 30KHz;TDL-C
	100MHz; SCS: 120KHz;TDL-A

	In-Sync SNR dB
	-2.2
	-2.1
	-1.8

	Out-of-sync SNR dB
	-11
	-9.6
	-10.8



Table 2.  PDCCH results for 2x4
	2x4
	10MHz; SCS: 15KHz; TDL-C
	40MHz; SCS: 30KHz;TDL-C

	In-Sync SNR dB
	-5.6
	-5.3

	Out-of-sync SNR dB
	-13.6
	-13.3


As can be seen above, SNRQout is different for different configuration. However, it is not desirable that the threshold X in the core requirement would vary depending on the transmission parameters. A simple way is to determine X by using the parameters defined in RLM core requirement, which is deemed as the typical scenario. 
[bookmark: _Ref525939374]Observation 1: UE may declare out-of-sync at different SNR level, depending on transmission parameters, e.g. BW, CCE level, PDCCH power boosting and etc.
[bookmark: _Ref525939380]Proposal 1: a fixed threshold X is preferred, which can be derived from PDCCH demodulation performance by using the transmission parameters defined in RLM core requirement.
Following this principle, it is suggested to choose the highest SNRQout as the threshold such that it can cover all the scenarios. According to our simulation results, -9.6dB is the highest one. However, it would not be safe to directly use SNRQout as the threshold X in RRC re-establishment requirement, given the evaluation uncertainty in SNR estimation. The SNR estimation error based on SSB can be found in the following figure:
[image: ]
Figure 1 simulation results for SNR estimation error based on SSB
For instance, assuming the SNRQout is -9.6dB, the SNR estimation error is about 1.7dB according to Figure 1.So there is a chance that UE would not declare out-of-sync when the actual SNR is -9.6dB since the evaluation result of SNR inside the baseband could be 0~1.7dB higher. However, under such low SNR the UE can hardly maintain a valid timing under corresponding transmission parameters. To address this, we propose to consider SNR estimation error when determining the threshold X. According to our simulation result, -8dB could be safe.
[bookmark: _Ref525939377]Observation 2: SNR estimation error shall be considered when determining threshold X.
[bookmark: _Ref525939384]Proposal 2: [-8] dB could be considered for the threshold X.
Conclusion
In this contribution, we further discuss the threshold X in RRC re-establishment core requirement. After discussion the following observations and proposals are provided:
Observation 1: UE may declare out-of-sync at different SNR level, depending on transmission parameters, e.g. BW, CCE level, PDCCH power boosting and etc.
Proposal 1: a fixed threshold X is preferred, which can be derived from PDCCH demodulation performance by using the transmission parameters defined in RLM core requirement.
Observation 2: SNR estimation error shall be considered when determining threshold X.
Proposal 2: [-8] dB could be considered for the threshold X.
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