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1
Introduction
With the completion of the Core requirements of the Rel-13 NB-IoT Work Item [1], a new Rel-14 enhanced NB-IoT (eNB-IoT) Work Item has been approved during the RAN #72 meeting [2].  One key RAN4 objective of the Work Item is work on service continuity enhancements for eNB-IoT devices.

As the performance part of the Rel-13 NB-IoT Work Item continues to make progress, investigations of the NPBCH demodulation performance [3] and SI acquisition delay [4], [5] have been concluded.
This paper presents a summary of the Rel-13 NB-IoT PBCH demodulation performance, SI acquisition delay, quantifies the impact on RRM procedures, and highlights a number of recommendations for the Rel-14 eNB-IoT service continuity enhancements scope.
2
Discussion

2.1
NPBCH demodulation performance

Table 1 below summarizes the PBCH demodulation performance for Category NB1.
Table 1: Summary of PBCH demodulation results for Category NB1 (without impairment margin)
	 
	Source
	Ericsson
	CATT
	Huawei, HiSilicon
	Intel
	Nokia
	Samsung
	Qualcomm
	ZTE

	 
	Tdoc
	R4-168207
R4-168208
R4-168209
	R4-167506
R4-167507
R4-167505
R4-168744
	R4-167568
R4-167569
R4-167567
R4-167570
	R4-167243
R4-167244
R4-167242
	R4-168368
R4-168367
R4-168366
R4-168740
	R4-168148
R4-168150
	R4-168040
R4-168041
R4-168052
	R4-168157
R4-168156
R4-168158
R4-168155

	1NRS EPA1
	EPA1 1x1 1x640ms
	-4.5
	-3.9
	 
	 
	 
	-3.3
	 
	-5.1

	 
	EPA1 1x1 2x640ms
	-6.5
	-6.8
	 
	 
	 
	 
	-7
	-9.6

	 
	EPA1 1x1 3x640ms
	-7.4
	-8.6
	 
	 
	 
	 
	-10
	-11.7

	 
	EPA1 1x1 4x640ms
	-8.1
	 
	 
	 
	 
	 
	-11.2
	 

	 
	EPA1 1x1 5x640ms
	-8.6
	 
	 
	-13
	 
	 
	-12.1
	 

	 
	EPA1 1x1 6x640ms
	-9.1
	 
	 
	 
	 
	 
	-12.5
	 

	2NRS EPA1
	EPA1 2x1 low 1x640ms
	-7.5
	-5.8
	-8.1
	 
	-6.6
	-6.1
	 
	-8.2

	 
	EPA1 2x1 low 2x640ms
	-8.9
	-7.9
	-10.7
	 
	 
	 
	-8.5
	 

	 
	EPA1 2x1 low 3x640ms
	-9.7
	-9.7
	-12
	 
	 
	 
	-10.8
	 

	 
	EPA1 2x1 low 4x640ms
	-10.3
	 
	 
	-12.5
	 
	 
	-11.8
	-12.4

	 
	EPA1 2x1 low 5x640ms
	-10.8
	 
	 
	 
	 
	 
	-12.5
	 

	 
	EPA1 2x1 low 6x640ms
	-11.1
	 
	 
	 
	 
	 
	-12.7
	 


Observation 1: The NPBCH demodulation requirement reflects performance under desired (coverage enhancement) conditions and quantifies both the target SNR and the expected duration needed to decode the MIB.
2.2
SI acquisition delay

To derive the SI acquisition delay for legacy LTE, we consider the case for idle mode only, since SI acquisition is not required for handover procedures in legacy LTE.  Thus, from Clause 6.2.2 in TS 36.331:


[image: image1]
Assuming 40 ms periodicity for the MIB and 80 ms periodicity for the SIB1, the acquisition time is expected to be 120 ms.  With a DRX cycle of 1.28 sec, as defined in the RRM IDLE mode test cases in Clause A.4 of TS 36.133, the SI acquisition delay is assumed to be 1280 ms.  This value for SI acquisition delay is used in all applicable LTE test cases.
Observation 2: The legacy LTE SI acquisition time, used for all instances of TSI in TS 36.331, has been assumed to be 1280 ms.

Discussions are ongoing regarding the side conditions for normal coverage and extended coverage:

Option 1: select SNR points of (-6, -12) dB for NC and EC, respectively

Option 2: select SNR points of (-6, -15) dB for NC and EC, respectively

Table 2 below summarizes the initial simulation results of MIB+SIB1 acquisition delay for Category NB1 under conditions in Option 1 with 2 NRS ports without impairment margin.
Table 2: Summary of MIB+SIB1 acquisition delay results for Category NB1 (without impairment margin)

	
	
	Intel
	Huawei
	Nokia
	Qualcomm
	Ericssson
	

	Condition
	Avg. delay
	R4-1609113
	
	
	
	
	

	EPA1 2x1 low SNR=-6dB
	
	3200
	
	
	
	
	

	EPA1 2x1 low SNR=-12dB
	
	43520
	
	
	
	
	


Observation 3: The SIB2-NB simulation assumption uses 32 repetitions for normal coverage, so SIB2-NB TTI = 80ms×32 = 2560 ms; while for enhanced coverage, the SIB2-NB assumption uses 256 repetitions, so SIB2-NB TTI = 80ms×256 = 20480 ms.
Observation 4: In normal coverage the simulation results without impairments align on 3200 + 2560.  With an RF impairment margin (typically between 2 and 2.8 dB), we can expect the value to nearly double.
Observation 5: In extended coverage the simulation results without impairments align on 43520 + 20480.  With an RF impairment margin (typically between 2 and 2.8 dB), we can expect the value to nearly double.
2.3
Impact of SI acquisition delay on RRM procedures

We can summarize the impact on RRM core requirements for Category NB1, as shown in Table 3 below.
Table 3: Summary of NB-IoT RRM core requirements impacted by SI acquisition delay

	Requirement
	Delay terms (ms)
	LTE value
	Possible value for NC
	Possible value for EC
	EC vs NC

	Paging interruption
	TSI-NB + 100
	1330
	[3200 + 2560]
	[43520 + 20480]
	~11x

	
	
	
	
	
	

	
	
	
	
	
	

	RRC re-establishment
	100 + Nfreq*Tsearch_NB-IoT + TSI-NB-IoT + TPRACH-NB-IoT
	1445
	[100 + 1400 + 3200 + 2560 + TPRACH] = 
[4700 + 2560 + TPRACH]
	at least [100 + 14800 + 43520 + T_SBI2 + TPRACH] =
[58420 + 20480 + TPRACH]
	~11x

	
	
	
	
	
	

	
	
	
	
	
	

	NOTE 1: these preliminary results are from baseband only simulations without RF impairment margin. With an RF impairment margin (typically between 2 and 2.8 dB), we can expect the values to nearly double.
NOTE 2: these results assume an in-band deployment with 2 NRS ports


Observation 6: The RRM delays in normal and extended coverage may further impact the higher data transport layers.

3
Conclusions

This paper presented a summary of the Rel-13 NB-IoT PBCH demodulation performance, SI acquisition delay, quantified the impact on RRM procedures, and provides the following recommendations for the Rel-14 eNB-IoT service continuity enhancements scope:
Recommendation 1: Given the potential impact of the RRM delays on higher data transport layers, it is recommended to send an LS to RAN1 and RAN2 informing them of the issues, as outlined in the following Recommendations. 

Recommendation 2: RAN4 respectfully asks RAN1 and RAN2 to take the Rel-13 NB-IoT analysis of PBCH performance and SI acquisition delay into account when developing the Rel-14 eNB-IoT enhancements.
Recommendation 3: In an effort to improve the service continuity performance of Rel-14 eNB-IoT under normal and extended coverage conditions, RAN4 respectfully asks RAN1 and RAN2 to consider enhancing NPBCH in terms of demodulation performance and SIB1 and SIB2 in terms of acquisition delay performance.
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SystemInformationBlockType1-BR-r13 ::=	SystemInformationBlockType1





SystemInformationBlockType1 ::=		SEQUENCE {


	cellAccessRelatedInfo				SEQUENCE {


		plmn-IdentityList					PLMN-IdentityList,


		trackingAreaCode					TrackingAreaCode,


		cellIdentity						CellIdentity,


		cellBarred							ENUMERATED {barred, notBarred},


		intraFreqReselection				ENUMERATED {allowed, notAllowed},


		csg-Indication						BOOLEAN,


		csg-Identity						CSG-Identity			OPTIONAL	-- Need OR


	},


	cellSelectionInfo					SEQUENCE {


		q-RxLevMin							Q-RxLevMin,


		q-RxLevMinOffset					INTEGER (1..8)			OPTIONAL	-- Need OP


	},


	p-Max								P-Max						OPTIONAL,			-- Need OP


	freqBandIndicator					FreqBandIndicator,


	schedulingInfoList					SchedulingInfoList,


	tdd-Config							TDD-Config					OPTIONAL,	-- Cond TDD


	si-WindowLength						ENUMERATED {ms1, ms2, ms5, ms10, ms15, ms20, ms40},


	systemInfoValueTag					INTEGER (0..31),


	nonCriticalExtension				SystemInformationBlockType1-v890-IEs	OPTIONAL


}





SchedulingInfo ::=	SEQUENCE {


	si-Periodicity						ENUMERATED {rf8, rf16, rf32, rf64, rf128, rf256, rf512},


	sib-MappingInfo						SIB-MappingInfo


}









