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After RAN4#83, RAN4 received an LS from RAN1 on reduction of SI acquisition time for Rel-15 LTE MTC devices [1]. The SI acquisition comprises acquisition of the MIB and one or more SIBs. At RAN4#84 and for the MIB acquisition part, a WF on investigation of performance of cross-TTI combining in the decoding of the MIB was agreed [2], stating:
Interested companies are encouraged to provide: 
· CDF curves for enhanced MIB detection time in specified scenarios
· Decoding based on constructive combination of PBCH reception from two 40ms periods (MIB TTIs) 
· UE complexity analysis
· Impact on memory utilization, 
· Impact on power consumption, 
· Impact on algorithm complexity
Scenarios:
· Ês/Iot {-15, -12} dB
· FDD & TDD
· PBCH repetition as per Rel-13 for sys BW = 10MHz
· Tx diversity, Tx Ant = 2
· Propagation conditions {AWGN, ETU 1Hz, EPA 1Hz}



In this contribution we provide preliminary simulation results that are applicable for FDD.
Simulations
Due to limited time, only FDD has been simulated so far, with a MIB repetition scheme as in Figure 1. The repetition scheme increases the sensitivity by close 7dB compared to decoding a MIB that is not repeated. 



[bookmark: _Ref494736512]Figure 1: Rel-13 MIB repetition scheme for FDD
The cross-TTI decoder that has been used is based on a Viterbi decoder that has been modified to allow branch metric calculations for state transitions to be based on multiple TTIs. Each trellis can be seen as a state machine, and knowing the distance between the TTIs (i.e. the difference in counter values), one can link the trellis for one TTI to a trellis for another TTI. Hypothesized initial states can also be linked between the TTIs. All of this is handled internally by the modified Viterbi decoder, but requires the states to be expanded from 64 to 256. Hence complexity-wise state memory increase by a factor 4. The branch metric calculations increase with the number of TTIs used in the decoding, hence if decoding using a single TTI fails, the next TTI twice as many branch metric calculations are done. These are primarily simple operations of indexing and adding a small set of values that have been derived from the coded 3-bit symbol that serves as input for each bit in the message-to-be-decoded. The memory for PBCH blocks (120 soft bits each) increases by the number of TTIs that are used in the combining. 
The simulations have been aligned with the start of a 40ms MIB TTI, hence so called tail latencies of up to 30ms are not included. This has equal impact on the different configurations of MIB decoding investigated and therefore can be disregarded in the comparison.
Besides the agreed simulation points (SINR -15dB and -12dB) and additional point at SINR -18dB has been added for the purpose of investigating the decoding performance at even lower SINR than currently considered by RAN4.
Moreover, besides MIB decoding based on 1 TTI (conventional MIB decoder), and 2 TTIs (cross-TTI decoding as agreed in the WF), additionally 3 TTIs and 4 TTIs have been added; this too with the purpose of investigating the decoding performance when increasing the number of TTIs used in the operation.
The simulation results are provided below as CDFs and tables of MIB acquisition time for the 90th, 95th and 99th percentiles.
Simulation results
ETU 1Hz propagation condition
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Figure 2: MIB acquisition time in ETU 1Hz propagation condition with Rel-13 repetition scheme



Table 1: The 90th, 95th and 99th percentiles of MIB acquisition time (seconds) in ETU 1Hz propagation condition and Rel-13 repetition
	Percentile
	SINR
[dB]
	Maximum number of 40ms TTIs used in decoding

	
	
	1
	2
	3
	4

	90th
	-18
	0.31
	0.24
	0.20
	0.19

	
	-15
	0.07
	0.06
	0.05
	0.04

	
	-12
	0.02
	0.02
	0.02
	0.02

	95th
	-18
	0.43
	0.32
	0.27
	0.28

	
	-15
	0.11
	0.08
	0.07
	0.07

	
	-12
	0.03
	0.02
	0.02
	0.02

	99th
	-18
	0.72
	0.55
	0.49
	0.50

	
	-15
	0.20
	0.16
	0.15
	0.13

	
	-12
	0.06
	0.05
	0.04
	0.04











EPA 1Hz propagation condition
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Figure 3: MIB acquisition time in EPA 1Hz propagation condition with Rel-13 repetition scheme



Table 2: The 90th, 95th and 99th percentiles of MIB acquisition time (seconds) in EPA 1Hz propagation condition and Rel-13 repetition
	Percentile
	SINR
[dB]
	Maximum number of 40ms TTIs used in decoding

	
	
	1
	2
	3
	4

	90th
	-18
	0.28
	0.22
	0.19
	0.18

	
	-15
	0.08
	0.07
	0.07
	0.06

	
	-12
	0.03
	0.02
	0.02
	0.02

	95th
	-18
	0.38
	0.30
	0.27
	0.26

	
	-15
	0.12
	0.10
	0.10
	0.09

	
	-12
	0.05
	0.04
	0.03
	0.03

	99th
	-18
	0.65
	0.50
	0.47
	0.47

	
	-15
	0.23
	0.19
	0.18
	0.17

	
	-12
	0.09
	0.08
	0.07
	0.08











AWGN propagation condition

[image: ] [image: ]
Figure 4: MIB acquisition time in AWGN propagation condition with Rel-13 repetition scheme

Table 3: The 90th, 95th and 99th percentiles of MIB acquisition time (seconds) in AWGN propagation condition and Rel-13 repetition
	Percentile
	SINR
[dB]
	Maximum number of 40ms TTIs used in decoding

	
	
	1
	2
	3
	4

	90th
	-18
	0.12
	0.06
	0.04
	0.04

	
	-15
	0.01
	0.01
	0.01
	0.01

	
	-12
	0.01
	0.01
	0.01
	0.01

	95th
	-18
	0.15
	0.07
	0.06
	0.04

	
	-15
	0.01
	0.01
	0.01
	0.01

	
	-12
	0.01
	0.01
	0.01
	0.01

	99th
	-18
	0.22
	0.11
	0.07
	0.08

	
	-15
	0.02
	0.02
	0.02
	0.02

	
	-12
	0.01
	0.01
	0.01
	0.01











Discussion
The simulation results for AWGN show that the Rel-13 MIB repetition provides sufficient gain for allowing the MIB to be decoded using at most 2 PBCH blocks (i.e. less than a 40ms TTI) even at SINR of -15dB and for the 99th percentile. Here the cross-TTI combining is never utilized since the MIB is correctly decoded within one TTI. Studying the additional simulation point at SINR -18dB, one can see a reduction of acquisition time by 50% by using cross-TTI combining.
Observation 1: For AWGN, the Rel-13 repetition scheme provides sufficient gain to allow MIB to be decoded in less than one TTI at SINR -15dB.
Observation 2: For AWGN, at lower SINR than -15dB, cross-TTI combining over 2 TTIs can significantly reduce the MIB acquisition time, yielding a 50% reduction at SINR -18dB.
The simulation results for fading channels ETU 1Hz and EPA 1Hz indicate a reduction in acquisition time of about 20% for the 95th and 99th percentiles when using cross-TTI combining over 2 TTIs compared to conventional MIB decoding at SINR -15dB. The reduction is increasing somewhat at SINR -18dB but is still about 20-25% only.
Observation 3: For ETU 1Hz and EPA 1Hz, at SINR -15dB the reduction in MIB acquisition time is close to 20% for the 95th and 99th percentiles, when using cross-TTI combining over 2 TTIs. There is a slight increase to 20-25% reduction at SINR -18dB.
From the observations, it seems that the challenge in reducing MIB acquisition time cannot be met by further increasing PBCH repetitions beyond the repetitions used in Rel-13, since at SINR -15dB, the MIB is correctly decoded in less than one TTI (Observation 1). Rather, the challenge is due to the slowly fading channels with fading dips that impact the reception over considerably long time. Here the results indicate about 20% reduction by using 2 TTI cross-TTI combining.
Summary and Conclusion
In this contribution, we have presented initial results from MIB decoding based on 2 TTI combining. We have made the following observations:
Observation 1: For AWGN, the Rel-13 repetition scheme provides sufficient gain to allow MIB to be decoded in less than one TTI at SINR -15dB.
Observation 2: For AWGN, at lower SINR than -15dB, cross-TTI combining over 2 TTIs can significantly reduce the MIB acquisition time, yielding a 50% reduction at SINR -18dB.
Observation 3: For ETU 1Hz and EPA 1Hz, at SINR -15dB the reduction in MIB acquisition time is close to 20% for the 95th and 99th percentiles, when using cross-TTI combining over 2 TTIs. There is a slight increase to 20-25% reduction at SINR -18dB.
The simulations indicate that the MIB acquisition time can be reduced by close to 20% by using an enhanced MIB decoder as outlined above. The results are however preliminary and only cover FDD. Other companies are invited to provide simulation results for alignment.
References
[1] [bookmark: _Ref494735882]R1-1709834 “LS on System acquisition time reduction for Rel-15 LTE MTC”, RAN1
[2] [bookmark: _Ref494735912]R4-1708687 “WF on Reduced MIB Acquisition Time for efeMTC”, Ericsson, Qualcomm

Appendix: Additional ETU 1Hz simulations at lower SINR
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Figure 5: MIB acquisition time in ETU 1Hz propagation condition with Rel-13 repetition scheme for SINR of -21, -18, and -15dB, and combining over 1, 2, 4, 8 and 16 TTIs. 
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