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1
Introduction

1.1
Background Information

A study on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things was approved at GERAN#62, see [1].
The study allows both for an evolution of GSM, to comply with the objectives of the study, and non-backwards compatible solutions by a new system design.
1.2
Reason for change

Different solutions for the cell search procedure in NB M2M candidate solution have been proposed and a comparison between them is required. The evaluation of performance for the different solutions is not yet included in the Technical Report.
1.3
Summary of change

An evaluation of the different cell search procedures for NB M2M is provided. 
NOTE: ‘Track changes’ are not used considering that all text included defines a completely new section in the TR.
1.4
References

[1]

GP-140421, “Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things”, source VODAFONE Group Plc. GERAN#62
pCR to 3GPP TR 45.820 v1.2.0
	First modification


7. 
Physical layer aspects and radio access protocols for clean slate concepts
[details omitted]
7.1.6
Concept evaluation

7.1.6.1
Coverage evaluation

7.1.6.1.2
Network synchronization based on the alternative solution for cell search procedure

Cell search and frame number detection are the essential procedures of the network synchronization. In subclause 7.1.2.2.2, an alternative cell search design to the one described in subclause 7.1.2.2.1 is presented. In the alternative design, the implemented is based on SS and CIS sequences. The SS sequence is used to acquire the ymbol timing and carrier frequency synchronization, as described in subclause 7.1.2.2.2.1. The CIS sequence is then used to the physical cell identification, i.e., to determine the cell ID, as described in subclause 7.1.2.2.2.2. The frame index acquisition is implemented based on the FIIS sequence which is defined in subclause 7.1.2.2.2.3. The network synchronization performance is evaluated according to the methodology specified in subclause 5.6 and the simulation assumptions in Annex C.
7.1.6.1.2.1
Simulation assumptions
The same simulation setup described in subclause 7.1.6.1.1.1 is used. The detailed simulation parameters are shown in Table 7.1.6.1-1. 

7.1.6.1.2.2
Initial cell search performance

When an MS is powered on or has not has not connected for a very long period (longer than a typical DRX cycle), it performs the initial cell search procedure to connect to a cell, due to lacking of prior information of frequency error between the network and the device. Successful detections are defined by the correlation exceeding a given threshold defined at a 1% false alarm probability. An incremental method is used whereby the detection process can be terminated either when the correlation threshold is exceeded or after reaching a predefined maximum number of frames. The detailed CDF curves of time required for signal detection at different coupling loss values are presented in Figure 7.1.6.1-7.
From Figure 7.1.6.1-7, it can be seen that the single cell scenario is the limited scenario for the cell detection.  For the 20 dB coverage extension case, i.e., 164 dB coupling loss, the alternative design achieves a 90th percentile time successful detection of about 9 frames (0.72s), and the 99th percentile time to successful detection of about 23 frames (1.84s). In better coverage cases, i.e., 154 dB and 144 dB coupling loss, the alternative design achieves a 99th percentile time to successful detection of 4 frames (0.32s) and 2 frames (0.16s), respectively.
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(a) Coupling loss = 164dB
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(b) Coupling loss = 154dB
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(c) Coupling loss = 144dB


Figure 7.1.6.1-7: Performance of signal detection for initial cell search
The timing offset is estimated at the time the signal is detected and requires accumulation of the correlation over multiple frames. The corresponding frame at which the signal is detected is also used for frequency offset estimation. The frame number detection is performed after the frame timing and frequency offsets are known and compensated for. The CFO estimation performance and timing estimation error performance are summarized in Tables 7.1.6.1-22 to 7.1.6.1-25 for the 164 dB, 154 dB and 144 dB coupling losses. It can be seen that CFO estimation error is within 45 Hz for all cases. After performing a fine timing estimation procedure during the frame number detection process. It can be seen that the probabilities of the residual timing error being within the range of [-1/8 symbol, 1/8 symbol] are all higher than 95% for the three levels of coverage extension. If the requirement for the residual timing error is relaxed to [-1/4 symbol, 1/4 symbol], then the confidence would be further increased. Slightly better timing performance is observed by the alterative design compared to the design given in subclause 7.1.2.2.1 while non-negligible CFO performance degradation by the alternative design for 164 dB coupling loss case.
Table 7.1.6.1-22: Confidence of residual carrier frequency offset for initial network synchronization in the single-cell scenario
	Coupling loss (dB)
	[-45 Hz, 45 Hz]
	[-22.5 Hz, 22.5 Hz]

	164
	100 %
	>99 %

	154
	100 %
	100 %

	144
	100 %
	100 %


Table 7.1.6.1-23: Confidence of residual carrier frequency offset for initial network synchronization in the multi-cell scenario
	Coupling loss (dB)
	[-45 Hz, 45 Hz]
	[-22.5 Hz, 22.5 Hz]

	164
	100 %
	>99 %

	154
	100 %
	>99 %

	144
	100 %
	>99 %


Table 7.1.6.1-24: Confidence of residual timing error for initial network synchronization in the single-cell scenario
	Coupling loss (dB)
	[-1/8 symbol, 1/8 symbol]
	[-1/4 symbol, 1/4 symbol]

	164
	95 %
	>99 %

	154
	>99 %
	>99 %

	144
	>99 %
	>99 %


Table 7.1.6.1-25: Confidence of residual timing error for initial network synchronization in the multi-cell scenario
	Coupling loss (dB)
	[-1/8 symbol, 1/8 symbol]
	[-1/4 symbol, 1/4 symbol]

	164
	97 %
	>99 %

	154
	>99 %
	>99 %

	144
	>99 %
	>99 %


7.1.6.1.2.3
Cell non-initial search performance
The non-initial search or cell reconfirmation procedures are used when the mobile station has already synchronized to a particular cell but lose the time and frequency synchronization after waking up from sleep. The same simulation assumptions are assumed as subclause 7.1.6.1.1.4. The detailed CDF curves of time required for signal detection at different coupling loss values are presented in Figure 7.1.6.1-8.
The CFO estimation performance and timing estimation error performance are summarized in Tables 7.1.6.1-26 to 7.1.6.1-29. The CFO estimation errors for all cases are within 45 Hz. It can be seen that the probabilities of the residual timing error being within the range of [-1/8 symbol, 1/8 symbol] are all higher than 93% for almost all the cases, except for the single-cell scenario at a coupling loss of 164 dB, where 85% is achieved. If the requirement for the residual timing error is relaxed to [-1/4 symbol, 1/4 symbol], then the confidence would be further increased.
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(a) Coupling loss = 164dB
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(b) Coupling loss = 154dB
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(c) Coupling loss = 144dB


Figure 7.1.6.1-8: CDF of the time required for signal detection for non-initial search

Table 7.1.6.1-26: Confidence of residual carrier frequency offset for non-initial network synchronization in the single-cell scenario
	Coupling loss (dB)
	[-45 Hz, 45 Hz]
	[-22.5 Hz, 22.5 Hz]

	164
	100 %
	>99 %

	154
	100 %
	100 %

	144
	100 %
	100 %


Table 7.1.6.1-27: Confidence of residual carrier frequency offset for non-initial network synchronization in the multi-cell scenario
	Coupling loss (dB)
	[-45 Hz, 45 Hz]
	[-22.5 Hz, 22.5 Hz]

	164
	100 %
	>99 %

	154
	100 %
	>99 %

	144
	100 %
	>99 %


Table 7.1.6.1-28: Confidence of residual timing error for non-initial network synchronization in the single-cell scenario
	Coupling loss (dB)
	[-1/8 symbol, 1/8 symbol]
	[-1/4 symbol, 1/4 symbol]

	164
	85 %
	100 %

	154
	98 %
	100 %

	144
	>99 %
	100 %


Table 7.1.6.1-29: Confidence of residual timing error for non-initial network synchronization in the multi-cell scenario
	Coupling loss (dB)
	[-1/8 symbol, 1/8 symbol]
	[-1/4 symbol, 1/4 symbol]

	164
	93 %
	 100 %

	154
	>99 %
	100 %

	144
	>99 %
	100 %


7.1.6.1.2.4 
Total Synchronization Time

The total synchronization time for initial cell search for a desired percentage of the mobile stations is provided in Table 7.1.6.1-30 and Table 7.1.6.1-31, for coupling loss of 164 dB, 154 dB and 144 dB, respectively. The three columns corresponding to a particular solution and labelled 0, 1 and 2 indicate the three scenarios, i.e., the presence of 0, 1 or 2 interferers in the system. The synchronization times are captured in one simulation for the entire synchronization procedure, which corresponds to the equivalent of acquisition of FCCH+SCH for GSM. From the results we can see that the alternative cell search design enables faster synchronization at 164 dB coupling loss with a reduction of up to 30-66% in the total synchronization time compared to the design given in subclause 7.1.2.2.1. Similar synchronization latency performance is observed for the 154 dB and 144 dB coupling loss cases for initial cell search. No visible performance difference is obtained in all three coupling loss cases by non-initial cell search which is more often performed in the network compared to initial cell search.

Table 7.1.6.1-30: Network synchronization time for initial cell search

	Coupling loss = 164dB
	Synchronization Time [s]

Number of interferers

0

1

2

Total time at 50th percentile

0.24

0.08

0.08

Total time at 90th percentile

0.72

0.4

0.32

Total time at 99th percentile

2

0.88

0.64



	Coupling loss = 154dB
	Synchronization Time [s]

Number of interferers

0

1

2

Total time at 50th percentile

0.08

0.08

0.08

Total time at 90th percentile

0.08

0.08

0.08

Total time at 99th percentile

0.32

0.16

0.08



	Coupling loss = 144dB
	Synchronization Time [s]

Number of interferers

0

1

2

Total time at 50th percentile

0.08

0.08

0.08

Total time at 90th percentile

0.08

0.08

0.08

Total time at 99th percentile

0.08

0.08

0.16




Table 7.1.6.1-31: Network synchronization time for non-initial cell search

	Coupling loss = 164dB
	Synchronization Time [s]

Number of interferers

0

1

2

Total time at 50th percentile

0.08

0.08

0.16

Total time at 90th percentile

0.4

0.48

0.56

Total time at 99th percentile

0.96

1.52

1.76



	Coupling loss = 154dB
	Synchronization Time [s]

Number of interferers

0

1

2

Total time at 50th percentile

0.08

0.08

0.08

Total time at 90th percentile

0.08

0.24

0.32

Total time at 99th percentile

0.24

0.72

1.12



	Coupling loss = 144dB
	Synchronization Time [s]

Number of interferers

0

1

2

Total time at 50th percentile

0.08

0.08

0.08

Total time at 90th percentile

0.08

0.16

0.32

Total time at 99th percentile

0.16

0.64

1.04




7.1.6.1.3
Uplink synchronization
 [details omitted]

