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

As the performance part of the Rel-13 eMTC Work Item continues to make progress, investigations of the PBCH demodulation performance [3] and MIB acquisition delay [4] have been concluded.
This paper presents a summary of the Rel-13 eMTC PBCH demodulation performance, MIB and SIB1 acquisition delay, quantifies the impact on RRM procedures, and highlights a number of recommendations for the Rel-14 FeMTC mobility enhancements scope.
2
Discussion

2.1
PBCH demodulation performance

Table 1 below summarizes the PBCH demodulation performance for Cat-M1.
Table 1: Summary of PBCH demodulation results for Cat-M1 (with impairment margin)
	
	
	Ericsson
	Huawei, HiSilicon
	Intel
	Samsung
	Qualcomm
	Virtuosys

	Condition
	Avg. SNR
	R4-168111
R4-168212
R4-168213
	R4-167590
R4-167593
R4-167596
	R4-167255
R4-1609114
	R4-168147
	R4-168135
R4-168136
R4-168137
R4-168138
R4-168139
	R4-167382
R4-167383
R4-167384

	FDD EPA1 2x1 low (40 ms)
	
	 
	-2.1
	 -1.9
	 
	 
	-4.2

	FDD ETU1 2x1 low (40 ms)
	
	 
	-3.1
	 -6.6
	 
	 
	-4.1

	FDD EPA1 2x1 low (1080 ms)
	
	
	
	-12
	
	
	

	FDD ETU1 2x1 low (1200 ms)
	
	
	
	-12
	
	
	


Observation 1: The PBCH 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
MIB and SIB1 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.

In RRM core requirements the side conditions for CE Mode A and CE Mode B are chosen for the worst-case scenario for SNR levels of -6 and -15 dB, respectively.  Table 2 below summarizes the MIB acquisition delay results for Cat-M1 with impairment margin.
Table 2: Summary of MIB acquisition delay results for Cat-M1 (with impairment margin) [6]
	
	
	Intel
	Huawei
	Nokia
	Qualcomm
	Ericssson
	

	Condition
	Avg. delay
	R4-1609113
	
	
	
	
	

	FDD EPA5 2x1 low SNR=-6dB
	
	80
	
	
	
	
	

	FDD ETU30 2x1 low SNR=-6dB
	
	40
	
	
	
	
	

	FDD EPA1 2x1 low SNR=-15dB
	
	3610
	
	
	
	
	

	FDD ETU1 2x1 low SNR=-15dB
	
	5010
	
	
	
	
	


Observation 3: According to the simulation results, the MIB acquisition delay for CE Mode A is expected to be 80 ms.
Observation 4: According to the simulation results, the MIB acquisition delay for CE Mode B is expected to be 5010 ms.  For the purpose of idle mode requirements, this corresponds to 4 1.28 sec DRX cycle (5120 ms).
RRM procedures for eMTC require the UE to obtain both MIB and SIB1 in all cases when SI is required except for handover, where only the MIB is needed.  Referring to 36.213 [5], we have the following repetition level and transmit block size (TBS) parameters for SIB1-BR:
[image: image2.png]Table 7.1.6-1: Number of repetitions for PDSCH carrying SysteminformationBlockType1-BR for
BL/CE UE.
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[image: image3.png]Table 7.1.7.2.7-1: Transport block size (TBS) table for PDSCH carrying
SysteminformationBlockType1-BR
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According to Clause 5.2.1.2 in TS 36.331, the SIB1-BR uses a periodicity of 80 ms:

[image: image4]
Further, according to the RAN1 agreements from RAN1 #83, the SIB1-BR is assumed not to change over 5120 ms:


[image: image5]
Observation 4: In CE Mode A the UE can be expected to receive the SIB1-BR within a single SIB1-BR period (80 ms).
Observation 5: In CE Mode B the UE may potentially need the full 5120 ms to combine the SIB1-BR periods (which corresponds to a total of 1024 repetitions).  We assume this value for SIB1-BR acquisition delay in CE Mode B.
2.3
Impact of MIB and SIB1 acquisition delay on RRM procedures

Combining the MIB and SIB1 acquisition delays, we can summarize the impact on RRM core requirements for Cat-M1, as shown in Table 3 below.
Table 3: Summary of eMTC RRM core requirements impacted by MIB and SIB1 acquisition delay

	Requirement
	Delay terms (ms)
	LTE value
	Possible value for CE Mode A
	Possible value for CE Mode B
	B vs A

	Handover delay
	Tsearch + TIU + TMIB + [20]
	130
	[80 + TIU + 80 + 20] =
[180 + TIU]
	[80 + TIU + 5010 + 20] =
 [5110 + TIU]
	~28x

	Paging interruption
	TSI-EUTRA-M1-NC + 50 
or 
TSI-EUTRA-M1-EC + 50
	1330
	[max{80 + 80,1280} + 50] = [1330]
	[max{5010 + 5120, 10240} + 50] = [10290]
	~8x

	RRC re-establishment
	50 + Nfreq*Tsearch + TSI-EUTRA-M1-CEModeA + TPRACH 
or
50 + Nfreq*Tsearch + TSI-EUTRA-M1-CEModeB + TPRACH
	1445
	[50 + 160 +max{80 + 80,1280} + TPRACH] = [1490 + TPRACH]
	[50 + 160 + max{5010 + 5120,10240} + TPRACH] = 
[10450 + TPRACH]
	~7x

	RRC connection release with redirection
	TRRC_procedure_delay + Tidentify-E-UTRA cat-M1 + TSI-E-UTRA cat-M1 + TRA cat-M1
	1930
	[110 + 960 + max{80 + 80,1280} + TRA cat-M1] =
[2350 + TRA cat-M1]
	[110 + 960 + max{5010 + 5120,10240} + TRA cat-M1] =
[11310 + TRA cat-M1]
	~5x

	NOTE: for IDLE requirements a DRX cycle of length 1.28 sec is assumed


Observation 6: The RRM delays in CE Mode B may further impact the higher data transport layers.

3
Conclusions

This paper presented a summary of the Rel-13 eMTC PBCH demodulation performance, MIB and SIB1 acquisition delay, quantified the impact on RRM procedures, and provides the following recommendations for the Rel-14 FeMTC mobility 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 eMTC analysis of PBCH performance and MIB and SIB1 acquisition delay into account when developing the Rel-14 FeMTC enhancements.
Recommendation 3: In an effort to improve the performance of Rel-14 FeMTC under CE Mode B conditions in connected mode, RAN4 respectfully asks RAN1 and RAN2 to consider enhancing PBCH in terms of CE Mode B 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


}





For BL UEs or UEs in CE, MIB is applied which may be provided with additional repetitions, while for SIB1 and further SI messages, separate messages are used which are scheduled independently and with content that may differ. The separate instance of SIB1 is named as SystemInformationBlockType1-BR. The SystemInformationBlockType1-BR uses a schedule with a periodicity of 80ms. TBS for SystemInformationBlockType1-BR and the repetitions made within 80ms are indicated via schedulingInfoSIB1-BR in MIB.


The SI messages are transmitted within periodically occurring time domain windows (referred to as SI-windows) using dynamic scheduling. Each SI message is associated with a SI-window and the SI-windows of different SI messages do not overlap. That is, within one SI-window only the corresponding SI is transmitted. The length of the SI-window is common for all SI messages, and is configurable. Within the SI-window, the corresponding SI message can be transmitted a number of times in any subframe other than MBSFN subframes, uplink subframes in TDD, and subframe #5 of radio frames for which SFN mod 2 = 0. The UE acquires the detailed time-domain scheduling (and other information, e.g. frequency-domain scheduling, used transport format) from decoding SI-RNTI on PDCCH (see TS 36.321 [6]). For a BL UE or a UE in CE, the detailed time/frequency domain scheduling information for the SI messages is provided in SystemInformationBlockType1-BR.





Agreement:


6 TBS values are supported for SIB1bis


Support {4, 8, 16} SIB1bis transmissions per 80ms


For a given number of SIB1bis transmissions, the set of subframe(s) to be used for SIB1bis are fixed or predefined in the specification, FFS details


The duration over which the content of SIB1bis that the UE can assume to NOT change is 


Fixed in specification to N radio frames


Working assumption: N=512, which can be further discussed especially considering possible input from RAN2


5 bits in MIB are used to indicate information related to SIB1bis, low cost MTC support,  and/or coverage enhancement support









