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1	Introduction
RAN4#84 agreed with the way forward on SI acquisition time improvement for Rel-15 eFeMTC WI [1].
· Companies are encouraged to provide the simulation results for SI acquisition time by assuming eFeMTC UE accumulates PDSCH for SI transmission across SIB1-BR/SI window. 
In this contribution, we provide the simulation results for SIB1-BR/SIB2-BR acquisition time improvement.
2	SIBx-BR acquisition time improvement
[bookmark: _Ref352176984]In the LS [2], RAN1 recommend three techniques to improve SIBx-BR acquisition time: 1) additional repetitions, 2) accumulation across SIBx-BR modification period, and 3) allowing to skip SIBx-BR reading. In RAN4#84, we confirmed the RAN2 has confirmed in LS [3], 
· RAN2 confirms that the repetitions SIB1-BR and SIB1-NB can be accumulated using the same SIB1 scheduling information during the modification period associated with each SIB1 (which is 5.12 sec for BL/EC UEs and 40.96 sec for NB-IoT UEs).
· If required, a BL/CE UE can accumulate more repetitions of SIB1-BR during the mod.ification period of SIB1-BR without re-acquiring MIB for schedulingInfoSIB1-BR.
This contribution focuses on the assumption UE accumulate PDSCH over SI-window in the modification period.
According to TS36.331 5.2.1.3, the BCCH modification time is expressed in number of radio frames = modificationPeriodCoeff * defaultPagingCycle, with
· modoficationPeriodCoeff := {2, 4, 8, 16}
· modoficationPeriodCoeff-v1310 := {64}
· defaultPagingCycle := {32, 64, 128, 256} radio frames. 
This means eNB keep the same BCCH at least 640ms (2 x 32 radio frames) where UE can accumulate PDSCH. However, in our understanding, the normal LTE network uses 1.28s paging cycle or more. This means we can assume SIB contents does not change for 2560ms or more. 
[image: ]
[bookmark: _Ref489023684]Figure 1	Illustration of BCCH modification period and SIBx scheduling. 
Figure 1 illustrates the BCCH modification period and SIBx scheduling. SIB1-BR is scheduled with a periodicity of 80ms and SIB1-BR is repeated 4, 8, or 16 times within 80ms. SIBx-BR (x>1) information is scheduled within the periodicity of si-window (e.g., 40ms) every si-periodicity radio frames (e.g., 160ms). RAN2 has already confirmed UE can accumulate PDSCH for SIBx across the SI-window within the BCCH modification period, and RAN2 is now discussing the possibility of accumulation across the BCCH modification periods.
2.1	Simulation results for SIB1-BR
In this contribution, according to the way forward [1], we investigate the SI acquisition time by assuming UE accumulate PDSCH conveying the SI information over the si-window. Table 1 lists the simulation parameter for SIB1-BR acquisition time evaluation assuming accumulation across SIB1-BR TTI. Figure 2 is the ideal simulation results of accumulation over 80ms, 160ms, 320ms, and 640ms for ETU1 with SNR=-15dB and EPA1 with SNR=-15dB. If we consider 99% of decoding success rate, SIB1-BR acquisition time for 80ms accumulation is more than 3,000ms. On the other hand, the acquisition time is about 1,600ms in the case of 160ms accumulation, 900ms in the case of 320ms accumulation, and within 640ms in the case of 640ms accumulation. 
Observation 1: SIB1-BR acquisition time can be reduced to less than 640ms with PDSCH accumulation over SIB1-BR TTI. 

[bookmark: _Ref485390261]Table 1	Parameter for SIB1-BR acquisition time evaluation.
	Parameters
	CE Mode B

	System bandwidth
	10MHz

	Transmit antennas
	2

	Propagation channels
	ETU1, EPA1

	TBS for SIB1-BR
	208bits

	SIB1-BR repetition number within 80ms
	16

	SIB1-BR accumulation period
	80ms, 160ms, 320ms, 640ms

	UE receive antennas
	1

	UE frequency offset
	100Hz

	Target SNR
	-15dB

	Evaluation criteria
	99% of SIB1-BR decoding success rate



[image: ][image: ]
[bookmark: _Ref487029549]Figure 2	Simulation results for SIB1-BR acquisition time with accumulation across SIB1-BR modification periods (ETU1 and EPA1, SNR=-15dB). 
2.2	Simulation results for SIB2-BR
[bookmark: _GoBack]Table 2 lists the simulation parameter for SIB2-BR acquisition time evaluation assuming accumulation across SIB2 SI window. These parameters assume the same SIB2-BR is transmitted 40 times (si-windowlength) continuously every 160ms (si-periodicity). If SIB2-BR accumulation period is set to 160ms, eNB changes the contents of SIB2 every si-periodicity and UE should perform ‘keep-trying’ every 160ms. The accumulation period 320ms means UE accumulate PDSCH for 80 samples (40 per si-periodicity).  
[bookmark: _Ref493764116]Table 2	Parameter for SIB2-BR acquisition time evaluation. (some modification from [1])
	Parameters
	CE Mode B

	System bandwidth
	10MHz

	Transmit antennas
	2

	Propagation channels
	ETU1, EPA1

	TBS for SIB2-BR
	208bits

	si-WindowLength-BR
	40ms

	si-RepetitionPattern
	everyRF

	si-Periodicity
	160ms (rf16)

	SIB2-BR accumulation period
	160ms, 320ms, 480ms, 640ms, 1280ms

	UE receive antennas
	1

	UE frequency offset
	100Hz

	Target SNR
	-15dB

	Evaluation criteria
	99% of SIB2-BR decoding success rate



Figure 3 is the ideal simulation results of accumulation over 160ms (one SI periodicity), 320ms (two SI periodicities), 480ms (three SI periodicities), and 640ms (four SI periodicities) for ETU1 with SNR=-15dB and EPA1 with SNR=-15dB. If we consider 99% of decoding success rate, SIB2-BR acquisition time for 160ms accumulation is more than 1,200ms. If we can assume the accumulation over four SI periodicities, the SIB2-BR acquisition time is less than 1,000ms for both ETU1/EPA1. 
Observation 2: SIB2-BR acquisition time can be reduced to less than 1,000ms with PDSCH accumulation over SI periodicities. 
It is observed that SIB2-BR acquisition time is longer than SIB1-BR although the number of PDSCH repetitions is large than that of SIB1-BR. We think it is because of the different transmission pattern. PDSCH for SIB1-BR is transmitted every 5ms in the case of 16 repetitions with 80ms periodicity, but PDSCH for SIB2-BR is transmitted 40 times continuously every SI periodicity. Because EPA1/ETU1 is very slow fading, we think SIB1-BR transmission pattern gives better reception performance due to time diversity.
[image: ][image: ]
[bookmark: _Ref493765949]Figure 3	Simulation results for SIB1-BR acquisition time with accumulation across SIB2-BR modification periods (ETU1 and EPA1, SNR=-15dB). 

3	Conclusion
Observation 1: SIB1-BR acquisition time can be reduced to less than 640ms with PDSCH accumulation over SIB1-BR TTI. 
Observation 2: SIB2-BR acquisition time can be reduced to less than 1,000ms with PDSCH accumulation over SI periodicities. 
Proposal: RAN4 will specify the SI reading requirement for Rel-15 BL/CE UE with the assumption UE accumulate PDSCH for SIB1/SIB2 over SI periodicities. 
4	References
[bookmark: _Ref487018806][bookmark: _Ref493763043]R4-1709004, “Way forward on SI acquisition time improvement for eFeMTC”, Ericsson. 
[bookmark: _Ref493690920]R1-1709834, “LS on System acquisition time reduction for Rel-15 LTE MTC”, RAN1. 
[bookmark: _Ref493693158]R2-1702324, “LS response to Clarification on SIB1/MIB acquisition delays”, RAN2.



3

image2.emf
0 500 1000 1500 2000 2500

Acquisition time [ms]

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

S

I

B

1

-

B

R

 

d

e

c

o

d

i

n

g

 

s

u

c

c

e

s

s

 

r

a

t

e

SIB1-BR ETU1 2x1 SNR=-15dB

16 repetitions over 80ms

32 repetitions over 160ms

64 repetitions over 320ms

128 repetitions over 640ms


image3.emf
0 500 1000 1500 2000 2500

Acquisition time [ms]

0.8

0.82

0.84

0.86

0.88

0.9

0.92

0.94

0.96

0.98

1

S

I

B

1

-

B

R

 

d

e

c

o

d

i

n

g

 

s

u

c

c

e

s

s

 

r

a

t

e

SIB1-BR EPA1 2x1 SNR=-15dB

16 repetitions over 80ms

32 repetitions over 160ms

64 repetitions over 320ms

128 repetitions over 640ms


image4.emf
0 200 400 600 800 1000 1200

Acquisition time [ms]

0.7

0.75

0.8

0.85

0.9

0.95

1

S

I

B

2

-

B

R

 

d

e

c

o

d

i

n

g

 

s

u

c

c

e

s

s

 

r

a

t

e

SIB2-BR ETU1 2x1 SNR=-15dB

Accumulatoin within SI periodicity

Accumulatoin over 2 SI periodicities

Accumulatoin over 3 SI periodicities

Accumulatoin over 4 SI periodicities


image5.emf
0 200 400 600 800 1000 1200

Acquisition time [ms]

0.7

0.75

0.8

0.85

0.9

0.95

1

S

I

B

2

-

B

R

 

d

e

c

o

d

i

n

g

 

s

u

c

c

e

s

s

 

r

a

t

e

SIB2-BR EPA1 2x1 SNR=-15dB

Accumulatoin within SI periodicity

Accumulatoin over 2 SI periodicities

Accumulatoin over 3 SI periodicities

Accumulatoin over 4 SI periodicities


image1.png
‘SIB1-BR periodicity.
{eoms)

Lﬁ_IIIILLISS LLLiLL

SErER

>
BCCH modification perod e, 640ms)

Swndow
(e, 40m3
>

3 [ SS [
S o5, 150m
e meatcaimpe oates, S

>




