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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
During the RAN4#78AH meeting on NB-IoT RRM, a way forward on RRC connection re-establishment [1] was agreed: · A new subsection 6.5 should be introduced for NB-IoT RRC re-establishment requirements 
· RAN4 is no to introduce the corresponding requirements for RRC connection Resume procedure
· RRC re-establishment requirements should be defined for normal and enhanced coverage with different cell search delays.
· Companies are encouraged to investigate whether only the cell search delay is different for normal and enhanced coverage levels. If so, total delay of RRC re-establishment can be expressed as:
· TUE-re-establish_delay_NB-IoT = 100 ms + NNB-IoT-freq*Tsearch_NB-IoT + TSI_NB-IoT + TPRACH_NB-IoT



In this contribution we analyse the dependency of the RRC connection re-establishment procedure on the coverage level.
Background on latencies
Cell detection
The 90th percentiles of the upper extreme of cell detection times for the in-band scenario and different propagation conditions are reported in [2] for normal and enhanced coverage levels (SNR -6 and -15dB, respectively). This upper extreme corresponds to a UE implementation where a fixed number of instances for NPSS and NSSS, respectively, are accumulated before a result is considered reliable. It hence requires the minimum of logics and any UE implementation shall be able to be on par with or achieve shorter cell detection times than reported in [2]. For convenience the results are provided in Table 1.  
[bookmark: _Ref450653404]Table 1: The 90th percentile of cell detection times at normal and enhanced coverage levels.
	SNR [dB]
	Frequency offset [kHz]
	Cell identification time [ms]

	
	
	Boosting 6dB
	Boosting 0dB

	
	
	AWGN
	ETU1
	EPA1
	AWGN
	ETU1
	EPA1

	-15
	±18
	1030
	1810
	1790
	1090
	2040
	1820

	
	±0.1
	360
	860
	700
	360
	860
	730

	-6
	±18
	80
	270
	270
	90
	260
	240

	
	±0.1
	40
	140
	110
	50
	150
	110



It is apparent that the cell detection time differs considerably depending on whether the cat NB1 UE operates in normal or enhanced coverage. Moreover it is apparent that the cell detection time depends on whether the category NB1 UE is synchronized or not with respect to its demodulation frequency.
Observation 1: Cell detection time depends on coverage level, and on whether the UE is synchronized to the network or not. In case the cell is unknown it is at this point not clear to the UE under which coverage level it operates.
L1 measurement period
At the RAN4#78AH on NB-IoT it was agreed that the L1 measurement period is 400ms and 800ms for normal and enhanced coverage, respectively, when in non-DRX [4]. During the time RRC re-establishment is carried out the UE operates according to non-DRX even if a DRX cycle should have been configured. One complication is that the UE uses the NRSRP measurement to determine whether the coverage is normal or enhanced, and hence will not be able to determine this beforehand, at least not when the cell is unknown.
Observation 2: The measurement period depends on the coverage level. The cat NB1 UE uses NRSRP measurement to determine the coverage level, hence in case the cell is unknown it is not clear to the UE which L1 measurement period to apply.
SI acquisition time
The SI acquisition time depends on the MIB-NB and SIB1-NB periodicities and SIB2-NB scheduling, as well as on the coverage level. The periodicities for MIB-NB and SIB-NB are 640 and 4096 ms, respectively. The lower the SNR, the more soft-combining or decoding attempts may be needed in order to successfully decode the MIB-NB, SIB1-NB and SIB2-NB. 
Observation 3: The SI acquisition time depends on the coverage level since the lower the SNR the more soft-combining or decoding attempts may be needed. 
PRACH transmission
The repetition level NPRACH of the NPRACH preamble depends on the coverage level, as detected by the UE and as signalled by the network. The time for the NPRACH transmission is 5.6×NPRACH ms (66.7µs CP) or 6.4×NPRACH ms (266.7µs CP) depending on the cyclic prefix signalled by the network node. Moreover the UE may have to wait to the next available NPRACH occasion, leading to a further delay of up to between 40 and 2560ms depending on NPRACH periodicity.
Since there is no reciprocity between DL and UL propagation conditions in a test setup, the test equipment can detect the first instance of a PRACH preamble transmitted by the UE. Hence TPRACH_NB_IoT can be considered only to comprise the maximum time between two PRACH occasions, which is a parameter under network control and conveyed in the NPRACH configuration.  
Observation 4: The parameter TPRACH_NB_IoT depends only on the periodicity of NPRACH occasions configured by the network and conveyed in the NPRACH configuration.
Observability
Since there is no measurement reporting defined in the Rel.13 version of NB-IoT the network (and test equipment) cannot observe whether a cell is to be considered known or unknown to the cat NB1 UE. Hence, from a requirement perspective it only makes sense to consider the case when the serving cell is unknown, by which the coverage level is yet-to-be determined by the UE.
Observation 5: It is not observable to the network or to test equipment whether a cell is known or unknown when the RRC re-establishment procedure is carried out. The reason is that there is no measurement reporting in the Rel.13 version of NB-IoT.
Frequency tuning aspects
In case of eDRX the cat NB1 UE may completely lose frequency synchronization during the eDRX inactivity period, and may have to start reception in advance of an upcoming eDRX ON to re-synchronize to the network by detecting the existence and the timing of the serving cell. In case the re-synchronization fails RLF will result. Hence the UE might not be synchronized to the network when RLF occurs and RRC Connection Re-establishment is triggered, leading to that in the cell detection a frequency offset of up to ±18kHz has to be catered for.
When the cat NB1 UE is in DRX there is a shorter time between the DRX ON durations and the UE does not go unsynchronized more than 2.56s. Hence for the DRX case, in case RLF occurs and RRC Connection Re-establishment is triggered, the cell detection may cater for less than ±18kHz frequency offset.
Observation 6: The frequency offset when RRC Connection Re-establishment is triggered may depend on whether eDRX or DRX is configured. In the eDRX case a frequency offset of up to ±18kHz can be anticipated.   
Summary
The observations above are summarized in Table 2 below, where for cell detection the results for the ETU 1 Hz propagation channel have been used. Regarding the SI acquisition simulations are needed to determine times T1 and T2. Those times will be significantly influenced by the repetition levels in use and the scheduling of SIB2-NB (network parameters), as well as by the coverage level.
[bookmark: _Ref450812347]Table 2: Indicative times for RRC Connection Re-establishment under different coverage levels and network configurations
	Parameter
	Explanation
	Dependencies
	Parameter value [ms]

	
	
	
	DRX
	eDRX

	
	
	
	Normal coverage
	Enhanced coverage
	Normal coverage
	Enhanced coverage

	Tsearch_NB-IoT
	Cell detection and cell measurements over a L1 measurement period
	Network configuration, Coverage level
	350
	1260
	470
	2440

	TSI_NB-IoT
	SI acquisition time
	Network configuration, Coverage level
	T1
	T2 > T1
	T1
	T2 > T1

	TPRACH_NB-IoT
	Maximum time until first NPRACH occasion
	Network configuration
	T3
	T3
	T3
	T3


Conclusion
The dependency of the latencies associated with RRC connection re-establishment from physical layer perspective has been analysed. It is found that Tsearch_NB-IoT depends on coverage level and whether eDRX or DRX is used. Moreover it is found that TSI_NB-IoT depends on the coverage level as well as the network configuration in terms of repetition levels for SIB1-NB and scheduling of SIB2-NB. Finally, the parameter TPRACH_NB-IoT is depending only on the network configuration. 
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