3GPP TSG-RAN WG1 #83

R1-156803
Anaheim, USA, 15th – 22th November 2015

Source:
Samsung

Title:
Single Synchronization Design for NB-IoT
Document for:
Discussion

Agenda item:
6.2.6.2.1
1. Introduction
At RAN #69, a new work item named Narrowband Internet of Things (NB-IoT) was approved to specify a radio access for cellular internet of things [1]. NB-IoT should support 3 different modes of operation, i.e., stand-alone operation, guard-band operation, and in-band operation. NB-IoT should provide a single synchronization signal for 3 different operation modes wherein techniques to handle overlap with legacy LTE signals should also be considered especially for LTE in-band operation. In this contribution, we provide a single synchronization signal designed based on OFDM system with 15 kHz sub-carrier spacing, and provide the performance of synchronization for all different modes of operations considered in NB-IoT.
2. Single Synchronization Design
In this contribution, we consider OFDMA systems with the same sub-carrier spacing of 15 kHz as LTE, in order to reduce the interference between NB-IoT and LTE by maintaining orthogonality. According to WID in [1], single synchronization signal should be provided for three different operation modes. Due to the presence of legacy LTE signals in in-band mode, the synchronization signal should be designed to avoid any collision with legacy system. The physical channels and signals of legacy LTE that need to be protected are as follows: LTE PDCCH, PCFICH, PHICH, CRS, PRS, CSI-RS. The design principle for the single synchronization signal can be summarized as follows.

Proposal 1: For synchronization signals, it is necessary to avoid the first three OFDM symbols to protect PDCCH, PCFICH and PHICH of legacy LTE system.

Proposal 2: The synchronization signals corresponding to the resource elements that carry CRS, PRS and/or CSI-RS of legacy LTE system can be punctured before transmission.

Proposal 3: When allocating the synchronization signals, OFDM symbols that carry CRS, PRS and/or CSI-RS of legacy LTE system can be avoided.
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Figure 1: Resource mapping of N-PSS and N-SSS for the case of normal cyclic prefix (CP).
Synchronization signals are composed of two signals, N-PSS (Narrow band Primary Synchronization Sequence) and N-SSS (Narrow band Secondary Synchronization Sequence) to provide time/frequency synchronization and cell identification. N-PSS and N-SSS are composed of 9 contiguous OFDM symbols and 6 non-contiguous OFDM symbols, respectively. For the case of a normal cyclic prefix (CP), N-PSS and N-SSS occupy the 6th to 14th OFDM symbol and the 6th, 7th, 10th, 11th, 13th, 14th OFDM symbol, respectively, within a subframe. For the case of an extended CP, N-PSS and N-SSS occupy the 4th to 12th OFDM symbol and the 5th, 6th, 8th, 9th, 11th, 12th OFDM symbol, respectively, within a subframe. Note that the N-PSS can support both cases of normal and extended CP without incurring possible collision with LTE PDCCH when operating LTE in-band mode since it occupies the last 9 OFDM symbols within a subframe. Both N-PSS and N-SSS occupy 12 subcarriers resulting in 180 kHz bandwidth. Accordingly, N-PSS and N-SSS occupy 108 and 72 resource elements, respectively. 
Proposal 4: For synchronization signals, both cases of normal CP and extended CP needed to be considered.
The recourse mapping of N-PSS and N-SSS are illustrated in Figure 1 for the case of a normal CP. Note in the figure that for N-PSS its symbols corresponding to LTE CRS are punctured so as to keep the LTE CRS intact. The detailed signal design and signal generation methodology for N-PSS and N-SSS can be found in [4].
As shown in the figure, N-PSS is designed by following the puncturing principle to construct a contiguous sequence in the time domain. If N-PSS follows the avoidance principle, the resulting sequence in the time domain becomes non-contiguous, which can suffer more from frequency offset ant timing drift than the contiguous sequence, and, therefore, can make receiver processing to be complex. In the Figure 1, N-SSS follows the avoidance principle. The reason is to avoid potential degradation in performance by the punctured resource elements when designed by the puncturing principle.
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Figure 2: Allocation of N-PSS and N-SSS.
The allocation of N-PSS and N-SSS is depicted in Figure 2, where N-PSS and N-SSS are repeated at 10ms and 20ms, respectively. Difference in the number of occupied OFDM symbols and periodicity of N-PSS and N-SSS is for reliable cell search performance for LTE in-band operation, in which receiver suffers from the reduced transmitted power compared as the case of standalone operation. In particular, the timing and frequency synchronization that are performed based on N-PSS require much more time than the cell identification that are performed based on N-SSS [5]. Accordingly, decreasing the period of N-PSS can give a large impact on reducing the time required for overall cell search procedure. In addition, keeping the period of N-SSS larger than that of N-PSS can not only guarantee the reduced complexity required for cell identification, but also the reduced overhead caused by the synchronization signals. By configuring different position of N-PSS and N-SSS, system operation mode between FDD and TDD can also be distinguished during synchronization stage.
Proposal 5: When allocating the synchronization signals, N-PSS and N-SSS can have different periods.
3. Simulation
3.1 Simulation Assumptions
The synchronization performance is evaluated for initial cell search scenario for three different modes of operation. TX power, power boosting values and corresponding SNR for 164 dB coupling loss are summarized in Table 1. Note that two different cases are considered for the guard-band operation mode [6]. No separation (0 Hz) between NB-IOT and LTE carriers is employed for the guard-band operation mode. 6 dB power boosting is taken into account in TX power for the case 2 of guard-band scenario and the in-band scenario.
For different operation modes, different models for legacy LTE interference are adopted; no legacy LTE interference, legacy LTE interference only at either side of NB-IoT band, legacy LTE interference at both side of NB-IoT for standalone, guard-band, in-band modes, respectively.
In the simulation, up to 2 interfering cells are considered, where all the interferers are assumed to be transmitting at the same power level. For legacy LTE, normal CP is assumed. For the in-band operation mode, the number of TX antenna port for CRS is set to be 2 for puncturing N-PSS. The common simulation parameters are summarized in Table 2.
For cell identification, a single N-PSS and 504 different N-SSS are assumed, which can support the number of cell identity groups as in LTE. During the initial cell search, the successful detection is declared when the correlation peak from the N-PSS reaches a certain threshold and any cell ID among the incoming cells is detected through the cell ID estimation by using N-SSS based on the estimated timing. For the detected realizations, false alarm is defined as the probability that fails to obtain the cell ID correctly.
Table 1: TX power and required SNR for the three different operation modes
	Operation mode
	Description
	TX power
	Power boosting
	SNR (164 MCL)

	Standalone
	PA separate
	43 dBm
	0 dB
	-4.6 dB

	Guard-band
	Case 1
	PA shared
	35 dBm
	6 dB
	-12.6 dB

	
	Case 2
	PA separate
	43 dBm
	0 dB
	-4.6 dB

	In-band
	PA shared
	35 dBm
	6 dB
	-12.6 dB


Table 2: Common simulation parameters for all three scenarios
	Parameter
	Value

	Carrier Frequency
	900 MHz

	Channel Model
	TU 1 Hz [2]

	Subcarrier Spacing
	15 kHz

	Sampling Frequency (Fs)
	1.92 MHz (A/D); 192 kHz (M-PSS detection)

	Cyclic Prefix
	10 samples for the 1st and 8th OFDM symbol within a subframe, 
9 samples for the rest, as per current LTE design

	Timing offset
	Uniformly distributed between the interval of [0,80) ms in steps of size 1/Fs

	Antenna Configuration
	1 Tx, 1 Rx [2]

	Frequency Offset
	Randomly chosen from the set {-18 kHz, 18 kHz} for each realization, 
which corresponds to an initial frequency error of up to 20 ppm.

	Time Drift
	In accordance with the frequency offset

	Interference
	Transmitting power of the interfering cells is same as the serving cell

	Number of realizations
	1000


3.2 Simulation Results
3.2.1 Standalone Operation Mode
CDF of the time required for initial cell search, CDF of timing error after N-PSS detection and CDF of frequency estimation error are provided in Figure 3, Figure 4 and Figure 5, respectively under standalone operation mode. We observe that the timing estimation error is within +/- 3 us and the residual frequency error is within +/- 50 Hz. Since no interference from the adjacent frequency bands exists in the standalone scenario, best performance is achieved in terms of the required time for initial cell search among all considered operation modes.
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Figure 3: CDF of the time required for initial cell search under standalone operation mode
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Figure 4: CDF of timing error after N-PSS detection under standalone operation mode
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Figure 5: CDF of frequency estimation error under standalone operation mode
3.2.2 Guard-Band Operation Mode
CDF of the time required for initial cell search, CDF of timing error after N-PSS detection and CDF of frequency estimation error are provided in Figure 6, Figure 7 and Figure 8, respectively under standalone operation mode. Difference in the required time for initial cell search between Case 1 and Case 2 comes from the reduction of TX power of NB-IoT in Case 1 by power amplifier sharing. We still observe that the timing estimation error is within +/- 3 us and the residual frequency error is within +/- 50 Hz for both considered cases.
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Figure 6: CDF of the time required for initial cell search under guard-band operation mode
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Figure 7: CDF of timing error after N-PSS detection under guard-band operation mode
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Figure 8: CDF of frequency estimation error under guard-band operation mode
3.2.3 In-Band Operation Mode
CDF of the time required for initial cell search, CDF of timing error after N-PSS detection and CDF of frequency estimation error are provided in Figure 9, Figure 10 and Figure 11, respectively under in-band operation mode. We observe that in-band operation mode shows longest required time for initial cell search. The reason comes from fact that the interference from legacy LTE exists from the both adjacent frequency bands, and TX power of NB-IoT is reduced due to the power amplifier sharing. Nevertheless, it can be observed that the timing estimation error is within +/- 3 us and the residual frequency error is within +/- 50 Hz. 
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Figure 9: CDF of the time required for initial cell search under in-band operation mode
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Figure 10: CDF of timing error after N-PSS detection under in-band operation mode
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Figure 11: CDF of frequency estimation error under in-band operation mode
3.2.4 Detection and False Alarm Probabilities and Latency Evaluation
Detection and false alarm probabilities are compared for different operation modes at 164 MCL in Table 3. In Table 4, latency evaluation of required synchronization time (in ms) for initial cell Search at 164 MCL is provided for different operation modes at 164 MCL.
Table 3: Detection and false Alarm probabilities of initial cell search at 164 MCL under different operation modes
	Number of Interferers
	Standalone
	Guard-band, Case1
	Guard-band, Case2
	In-band

	
	Detection Probability
	False Alarm Probability
	Detection Probability
	False Alarm Probability
	Detection Probability
	False Alarm Probability
	Detection Probability
	False Alarm Probability

	0
	100 %
	0.60 %
	96.50 %
	4.02 %
	100 %
	0.40 %
	95.90 %
	5.06 %

	1
	100 %
	0.20 %
	99.80 %
	1.40 %
	100 %
	0.60 %
	99.60 %
	1.51 %

	2
	100 %
	0.30 %
	100 %
	0.60 %
	100 %
	0.40 %
	100 %
	1.00 %


Table 4: Latency evaluation of required synchronization time (in ms) for initial cell Search at 164 MCL under different operation modes
	
	Standalone
	Guard-band, Case1
	Guard-band, Case2
	In-band

	Number of interferences
	0
	1
	2
	0
	1
	2
	0
	1
	2
	0
	1
	2

	50%
	160 
	100 
	80
	1190
	520
	350
	240
	170
	130
	1410
	580
	380

	90%
	600
	350
	270
	4140
	1690
	1080
	670
	390
	310
	4740
	1890
	1250

	Average
	243
	153
	120
	1679
	750
	493
	323
	203
	156
	1906
	854
	560


4. Conclusions
Single synchronization signal for three different operation modes of NB-IoT and its design principle are proposed. Since the proposed synchronization signal is constructed based on OFDM with 15 kHz subcarrier spacing, and designed with consideration of legacy LTE signals, it gives no interference to legacy LTE systems especially for guard-band with no spacing and in-band operation modes. In addition, the proposed synchronization signals can be used for both cases of normal and extended CPs. 
The performance of synchronization is evaluated under all considered operation modes. It is shown that by adopting different periods of N-PSS and N-SSS, the proposed synchronization signals can achieve acceptable performance of initial cell search scenario at 164 dB MCL for all three different operation modes, especially for guard-band of case1 and in-band modes. 
We summarize our views on single synchronization design through following proposals:
Proposal 1: For synchronization signals, it is necessary to avoid the first three OFDM symbols to protect PDCCH, PCFICH and PHICH of legacy LTE system.

Proposal 2: The synchronization signals corresponding to the resource elements that carry CRS, PRS and/or CSI-RS of legacy LTE system can be punctured before transmission.

Proposal 3: When allocating the synchronization signals, OFDM symbols that carry CRS, PRS and/or CSI-RS of legacy LTE system can be avoided.
Proposal 4: For synchronization signals, both cases of normal and extended cyclic prefix needed to be considered.
Proposal 5: When allocating the synchronization signals, N-PSS and N-SSS can have different periods.
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