2. NR-SS design
NR-PSS design
· Parameters for NR-PSS design
	　
	Default subcarrier spacing 
Transmission BW
UE minimum BW assumption
	Sequence type
	The number of OFDM symbol
	Sequence length
	The Number of sequence

	LTE PSS (example)
	For below 6GHz 
15kHz, 1.08MHz, 1.4MHz
	ZC sequence
	1
	63
	3

	Ericsson
	30kHz, 4.32MHz
120kHz, 17.28MHz 
	Interleaved ZC seq.
	1
	126
	1

	ZTE
	For below 6GHz 
15kHz, 1.08MHz
30KHz, 2.16MHz
	ZC-sequence
	1
	63
	3

	
	15kHz, 2.16MHz
30kHz, 4.32MHz
120kHz, 17.28MHz
240kHz, 34.56MHz 
	ZC-sequence
	1
	127
	3

	MediaTek
	(15*n)kHz, (4.32*n)MHz
for n=1,2,8,16
	1. LDPB seq. (fine raster)
2. Costas seq. (coarse raster) 
	1
	272 (LDPB seq.)
256 (Costas seq.)
	1

	Samsung
	15kHz, 4.32MHz
30kHz, 8.64MHz
120kHz, 34.56MHz
240kHz, 69.12MHz
	ZC-sequence
	1
	255
	1

	Qualcomm
	30kHz, 4.32MHz
240kHz, 34.56MHz
	ZC sequence
	1
	127
	3

	Sierra Wireless
	For below 3GHz 
15kHz, 2.16MHz
For 3GHz to 6GHz 
30kHz, 4.32MHz
	ZC sequence
	1
	126
	3

	Intel 1
	30kHz, 4.32MHz, 5MHz
Scaled up/down for different SCS
	M sequence
	1
	128
	1

	Intel 2
	15kHz, 4.32MHz, 5MHz
Scaled up for different SCS
	M sequence
	1
	256
	1

	Huawei
	15 kHz, 2.16 MHz, ≥2.16 MHz
30 kHz, 4.32 MHz, ≥4.32 MHz
120 kHz, 17.28 MHz, ≥17.28 MHz
240 kHz, 34.56 MHz, 34.56 MHz
	ZC sequence
	1
	63
	3

	InterDigital
	15kHz, 2.16MHz
30kHz, 4.32MHz
120 kHz; 17.28 MHz
240kHz, 34.56MHz 
	ZC sequence
	1
	126
	1

	LG Electronics
	For below 6GHz 
15kHz, 2.16MHz, 5MHz
30kHz, 4.32MHz, 10MHz
For above 6GHz 
120kHz, 17.28MHz, 40MHz
240kHz, 34.56MHz, 80MHz
	ZC sequence
	1
	128
	1

	ETRI
	15kHz, 2.16MHz
30kHz, 4.32MHz
120kHz, 17.28MHz
240kHz, 34.56MHz
	ZC sequence
	1
	63,
effective length including zero values will be 127
	1

	Motorola Mobility, Lenovo
	15KHz, 4.32MHz, 3MHz;
30KHz, 8.64MHz, 5MHz;
120KHz, 34.56MHz, 20MHz;
240KHz, 69.12MHz, 40MHz
	ZC sequence
	1
	254
	3

	NTT DOCOMO, INC.
	15 kHz, 4.32 MHz, 5 MHz
30 kHz, 8.64 MHz, 10 MHz
120 kHz, 34.56 MHz, 40 MHz
240 kHz, 69.12 MHz, 80 MHz
	M sequence
	1
	254
	1

	CATT
	Numerology agnostic PSS.
For below 6GHz 
15kHz, 4.32MHz
For above 6GHz 
120kHz, 34.56MHz
	ZC sequence
	1
	256
	3

	Nokia
	≤6GHz frequency bands
15kHz 2.16MHz
30kHz 4.32MHz
>6GHz frequency bands
120kHz 17.38MHz
240kHz 34.56MHz
	M-sequence
	1
	127
	3



· Describe how NR-PSS is generated
	LTE PSS (example)
	Figure



Sequence generation
Frequency domain Zadoff-Chu sequence according to 

 

where the Zadoff-Chu root sequence index is {25, 29, 34}

Mapping to resource elements

The sequence  shall be mapped to the resource elements according to 


The primary synchronization signal shall be mapped to the last OFDM symbol in slots 0 and 10.

Resource elements  in the OFDM symbols used for transmission of the primary synchronization signal where


are reserved and not used for transmission of the primary synchronization signal.

	Ericsson
	Figure
[image: Picture2]
Sequence generation
Frequency domain Zadoff-Chu sequence according to 



where the Zadoff-Chu root sequence index  is selected as 29.
Mapping to resource elements

The sequence  shall be mapped to the resource elements according to 




where  denotes the first subcarrier of the reserved resource blocks for the synchronization signal (SS) block, and the OFDM symbol index,  needs to be further determined according to the SS block resource mapping. 

Resource elements  in the OFDM symbols used for transmission of the primary synchronization signal where


are reserved and not used for transmission of the primary synchronization signal.

	ZTE
	Note: For Sequence length = 63 LTE sequence generation and mapping is reused. 
Figure

[image: ]
Figure 1 NR-PSS mapping to RE
Sequence generation
Frequency domain Zadoff-Chu sequence according to 

 

where the Zadoff-Chu root sequence index is {53,61,66}
Mapping to resource elements and SS block

The sequence  shall be mapped to the resource elements according to:




where k denotes the subcarriers of the reserved resource blocks for the synchronization signal (SS) block, and the OFDM symbol index,  needs to be further determined according to the SS block resource mapping. 

Resource elements  in the OFDM symbols used for transmission of the primary synchronization signal where


are reserved and not used for transmission of the primary synchronization signal.
The primary synchronization signal shall be mapped to one OFDM symbol in each SS block.

	MediaTek
	Figure
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Sequence generation
Option 1: Costas Sequence (for coarse SS raster granularity)
The time domain Costas sequence of length 256 is given by:
[image: ]


Where n=0,1,2,…, 255, and L=M=16. Here the function p[n]=1 for 0≤n≤M-1, and p[n]=0 otherwise. The values of  for are given by:

.


The frequency domain sequenceis obtained via the 256-point FFT of the time domain sequence.
Option 2: LDPB Sequence (for fine SS raster granularity)
The frequency domain LDPB sequence of length 272 is given by:



for n=0,1,2,…,271. Here, the 16 values in the above equation are given by

.
Mapping to resource elements
Option 1: Costas Sequence (for coarse SS raster granularity)

The sequence  shall be mapped to the resource elements according to 




where  denotes the index of the first subcarrier of the reserved resource blocks for the synchronization signal (SS) block, and the OFDM symbol index,  needs to be further determined according to the SS block resource mapping.

Resource elements  in the OFDM symbols used for transmission of the primary synchronization signal where


are reserved and not used for transmission of the primary synchronization signal.
Option 2: LDPB Sequence (for fine SS raster granularity)

The sequence  shall be mapped to the resource elements according to 




where  denotes the index of the first subcarrier of the reserved resource blocks for the synchronization signal (SS) block, and the OFDM symbol index,  needs to be further determined according to the SS block resource mapping.

Resource elements  in the OFDM symbols used for transmission of the primary synchronization signal where


are reserved and not used for transmission of the primary synchronization signal.

	Samsung
	Figure


Sequence generation
The sequence  used for NR-PSS is generated from a frequency-domain ZC-sequence according to 

Only one NR-PSS sequence is supported in NR (which means no cell ID hypothesis in NR-PSS), and the corresponding ZC-sequence root index  (can be further studied based on more comprehensive evaluation on performance regarding PAPR, CM, correlation, and capability against CFO). 
Mapping to resource elements
The sequence  is mapped to the resource elements according to 

and

where  is number of total RBs for transmission, and  is the number of subcarriers within a RB (e.g.  12).  corresponds to the OFDM symbol index where NR-PSS is transmitted. 


	Qualcomm
	Figure
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Sequence generation

The sequence  used for the primary synchronization signal is generated from a frequency-domain Zadoff-Chu sequence according to



where the Zadoff-Chu root sequence index  is {42, 44, 85}. Note that no special DC tone treatment is considered.
Mapping to resource elements

The sequence  shall be mapped to the resource elements of synchronization signal block according to



where  and denote the starting OFDM symbol within a subframe and subcarrier, respectively, of a synchronization signal block . Resource elements  in the OFDM symbol used for transmission of the primary synchronization signal where


are reserved and not used for transmission of the primary synchronization signal.

	Sierra Wireless
	Figure

Sequence generation
Sequence similar to LTE but of length 126. It is generated using the first 126 entries of a 127-length Zadoff-Chu sequence. Frequency domain Zadoff-Chu sequence according to 

 

where the Zadoff-Chu root sequence index is {43, 63, 64}

Mapping to resource elements
Similar to LTE but of length 126.


	Intel
	Figure
[image: ]
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Sequence generation
For length 127 sequence, m-sequence, s(n), generated from polynomial g(x)=x7+x6+x5+x4+x3+x2+1 and with initial state of {1,0,0,0,0,0}. The binary m-sequence are BPSK and QPBSK modulated alternatively, zero value is appended to length 127 sequence to create length 128 sequence. The zero appended m-sequence is DFT precoded and mapped to frequency domain.




The sequence, s(n), can be provided in the following recursive form

,
s(0) = 1, s(1) = s(2) = s(3) = s(4) = s(5) = s(6) = 0,

For length 255 sequence, frequency domain m-sequence, s(n), generated from polynomial g(x) = x8+x7+x6+x3+x2+x+1 and with initial state of {1,0,0,0,0,0,0}. The binary m-sequence are BPSK and QPBSK modulated alternatively, zero value is appended to length 255 sequence to create length 256 sequence. The zero appended m-sequence is DFT precoded and mapped to frequency domain.




The sequence, s(n), can be provided in the following recursive form

,
s(0) = 1, s(1) = s(2) = s(3) = s(4) = s(5) = s(6) = s(7) = 0,

Mapping to resource elements

For length 127 sequence, the sequence  shall be mapped to the resource elements according to 


The primary synchronization signal shall be mapped to symbol l of the SS block.

Resource elements  in the OFDM symbols used for transmission of the primary synchronization signal where k = -72, -71, …, -65, 64, 65, …, 72 are reserved and not used for transmission of the primary synchronization signal.


For length 255 sequence, the sequence  shall be mapped to the resource elements according to 


The primary synchronization signal shall be mapped to symbol l of the SS block.

Resource elements  in the OFDM symbols used for transmission of the primary synchronization signal where k = -143, -142, …, -129, 128, 129, …, 143 are reserved and not used for transmission of the primary synchronization signal.

	Huawei
	Figure


Sequence generation
Frequency domain Zadoff-Chu sequence according to 

 

where the Zadoff-Chu root sequence index is {16, 22, 47}
Mapping to resource elements
According to the figure, symmetrically around a synchronization signal center frequency, on every even numbered subcarrier.

	InterDigital
	Figure


Sequence generation
Frequency domain Zadoff-Chu sequence is generated according to 

 

where the Zadoff-Chu root sequence index is 62. 
To find the value 62 all the root values are swept. Performance of detection probability at various SNR under 1ppm CFO and no correction are compared. Sequence may be repeated for enhanced performance.
Mapping to resource elements

The sequence  are mapped to the resource elements according to 



Resource elements  in the OFDM symbols used for transmission of the primary synchronization signal where


are reserved and not used for transmission of the primary synchronization signal. corresponds to the OFDM symbol index where NR-PSS is transmitted.

	LG Electronics
	Figure


Sequence generation
Time domain Zadoff-Chu sequence according to 



where the Zadoff-Chu root sequence index is {1, 30}

Mapping to resource elements

The sequence  shall be mapped to the resource elements according to 



Resource elements  in the OFDM symbols used for transmission of the primary synchronization signal where


are reserved and not used for transmission of the primary synchronization signal.


	ETRI
	Figure


After IFFT operation, conjugating one of repetitive pattern applied on the top of time repetition as shown in the followings.
[image: ]
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Sequence generation
Frequency domain Zadoff-Chu sequence according to 

 

where the Zadoff-Chu root sequence index is FFS and will be different from LTE
Mapping to resource elements
According to the first figure, symmetrically around a synchronization signal center frequency, on every even numbered subcarrier (same as Huawei).

	Motorola Mobility, Lenovo
	Figure

Sequence generation
Frequency domain Zadoff-Chu sequence according to 

 

where the pair of Zadoff-Chu root sequence indices  is {(59, 67), (60,68), (68,60)}
Mapping to resource elements

The sequence  shall be mapped to the resource elements according to 




where  denotes the first subcarrier of the reserved resource blocks for the synchronization signal (SS) block, and the OFDM symbol index,  needs to be further determined according to the SS block resource mapping. 

Resource elements  in the OFDM symbols used for transmission of the primary synchronization signal where


are reserved and not used for transmission of the primary synchronization signal.

	NTT DOCOMO, INC.
	Sequence Design and Resource Mapping
NR-PSS sequence d(n) should be defined as a basic sequence mapped to every 2 subcarriers, where the basic sequence is generated by length-127 M-sequence in frequency domain. 




Where , , is defined by


with initial conditions (0,0,0,0,0,0,1). 

Figure
[image: ] 

	CATT
	Figure



Sequence generation

Let  in frequency domain and  Use to denote of the sequences formed by the first 64 even points, the last 64 even points, the first 64 odd points and last 64 odd points of . are either length-64 Zadoff-Chu sequences or length-64 asymptotic Zadoff-Chu sequences. The transmitted sequence in time domain will be  (or other combinations of  

Mapping to resource elements


The sequence  shall be mapped to the resource elements  in the OFDM symbols  used for transmission of the primary synchronization signal according to 




Resource elements  in the OFDM symbols used for transmission of the primary synchronization signal where k = -144, -143, …, -129, 128, 129, …, 143 are reserved and not used for transmission of the primary synchronization signal.

	Nokia
	Sequence generation

The three PSS sequences  is a modulated frequency domain m-sequence generated with linear feeback shift registers of length 7:


with initial conditions

.
Choice of generating polynomials could be further optimized to minimize cross-correlation among sequences. 

Mapping to resource elements
The sequence shall be mapped to consecutive REs.




· Describe NR-PSS detection algorithm
	LTE PSS (example)
	

	Ericsson
	A set of hypothesis of frequency error is defined, and local correlation with the candidate sequences with the selected frequency error. 
The time/sample position and the frequency error of the peak correlated values are selected as the synchronization results.

	ZTE
	1. UE computes correlation values between received signals within search window (size of search window depends on SS burst set periodicity) and PSS replicas;
2. UE selects several larger correlation peaks (e.g. N), the number of correlation peaks depends on false alarm rate;

3. PSS timings and  can be derived by the timing for each correlation peak.

	MediaTek
	Typical Correlation based sequence detection algorithm could be applied for detection of Costas sequence or LDPB sequence. For LDPB sequence, a very low complexity frequency domain, non-coherent detection algorithm could be applied, making it an attractive candidate when the SS raster has fine granularity. The peak(s) corresponding to the correlation values are used for timing & frequency offset estimation.  

	Samsung
	For each CFO hypothesis, UE slides the search window and performs the time-domain thresholding and correlation detection, where the threshold is determined by guaranteeing <1% false alarm. 

	Qualcomm
	UE correlates the receive signals with PSS sequences and then computes correlation energy for all timing hypotheses. A few timing hypotheses with highest energy values are fed into SSS detection

	Sierra Wireless
	Detection algorithm similar to LTE can be used. 

	Intel
	Cross correlation of known PSS sequence and received signal is computed for a set of frequency error hypothesis. For robustness against frequency error, the cross correlation can be broken into M parts and non-coherently combined. Timing and frequency error is acquired from the peak of the correlated values.

	Huawei
	Matched filter in time-domain. For large frequency offsets, hypothesis testing and partial correlation is used. The PSS is both centrally-symmetric and periodic, which allows for ~75% reduction of the number of complex-valued multiplications by adding the identical samples of the received signal prior to multiplication with the replica sample. Due to complex-conjugate symmetry, there is possibility to use a single correlator for PSS sequences with root indices 16 and 47 which provides additional 50% complexity reduction.

	InterDigital
	Free running, time-domain cross correlation algorithm is used for PSS search. Single shot detection is performed by cross-correlation of received signal with local copy of time domain PSS sequence. Output of cross correlator is compared to a threshold. 

	LG Electronics
	Timing detection
Step 1. Perform multiplication using first 1/4 length of PSS signal in time domain. (Don’t need to multiplication using second 1/4 length of PSS signal, because we are using conjugate symmetry property of ZC sequence.)
Step 2. Perform addition using output of Step 1. In this step, addition operations of first 1/4 length and 2/4 length should be each performed. (Relationship between first 1/4 length and second 1/4 length of PSS signal is complex conjugate.) Third 1/4 length and last 1/4 length of PSS signal is repeated version of first 1/4 length and second 1/4 length of PSS signal, so it doesn’t need additional operation.

Frequency offset
For the phase difference estimation, we use repeated sequences at the detected timing position.

	ETRI
	Cross correlation based detection with known PSS. For large frequency offsets, hypotheses testing and M-parts replica based correlation will be used. Timing acquisition will be done based on the maximum correlation value within SS burst set periodicity.

	Motorola Mobility, Lenovo 
	Correlation with the candidate sequences and candidate frequency offset in the time domain

	NTT DOCOMO, INC.
	UE performs cross-correlation detection for each CFO hypothesis (e.g. +1/0/-1 subcarrier spacing). UE select several peaks which exceed threshold with 1% false alarm rate, and then, UE derives PSS results. If UE needs more accuracy, repeated PSS sequence within an OFDM symbol can be used for additional CFO compensation based on auto-correlation detection.

	CATT
	The correlator at the receiver uses the sliding window for the peak detection of the received numerology agnostic PSS signals.

	Nokia
	Partial correlator: the time domain PSS sequence is divided into two parts, coherent correlation is used for each part and the parts are non-coherently combined.


Note: Companies provide high level description of NR-PSS detection algorithm.

NR-SSS design
· Parameters for NR-SSS design
	　
	Default subcarrier spacing 
Transmission BW
UE minimum BW assumption
	Sequence type
	The number of OFDM symbol
	Sequence length
	The number of hypotheses provided by NR-SSS
	The number of antenna port

	LTE SSS
(example)
	For below 6GHz 
15kHz, 1.08MHz, 1.4MHz
	M-sequence 
	1
	63
	168
	1

	Ericsson
	30kHz, 4.32MHz
120kHz, 17.28MHz
	M-sequence 
	1
	126
	>10001008
	21

	ZTE
	For below 6GHz 
15kHz, 1.08MHz
30kHz, 4.32MHz
	M-sequence 
	1
	63
	336
	1

	
	15kHz, 2.16MHz
30kHz, 4.32MHz
120kHz, 17.28MHz
240kHz, 34.56MHz 
	M-sequence
	1
	127
	336
	1

	MediaTek
	(15*n)kHz, (4.32*n)MHz, for n=1,2,8,16
	Z4 seq. (Family A)
	1
	255
	>1000
	1

	Samsung
	15kHz, 4.32MHz
30kHz, 8.64MHz
120kHz, 34.56MHz
240kHz, 69.12MHz
	M-sequence
	1
	255
	1000
	1

	Qualcomm
	30kHz, 4.32MHz
240kHz, 34.56MHz
	M-sequence
	1
	127
	334
	1

	Sierra Wireless
	For below 3GHz 
15kHz, 2.16MHz
For 3GHz to 6GHz 
30kHz, 4.32MHz
	M-sequence 
	1
	126
	336
	1

	Intel 1
	30kHz, 4.32MHz, 5MHz
Scaled up/down for different SCS
	Gold sequence
	1
	128
	1016
	1

	Intel 2
	15kHz, 4.32MHz, 5MHz
Scaled up for different SCS
	Gold sequence
	1
	255
	1020
	1

	Huawei
	15 kHz, 2.16 MHz, ≥2.16 MHz
30 kHz, 4.32 MHz, ≥4.32 MHz
120 kHz, 17.28 MHz, ≥17.28 MHz
240 kHz, 34.56 MHz, 34.56 MHz
	M-sequence
	1
	2*63
	336
	FFS

	InterDigital
	15kHz, 2.16MHz
30kHz, 4.32MHz
120 kHz; 17.28 MHz
240kHz, 34.56MHz
	M-sequence
	1
	126
	~1000
	1

	LG Electronics
	For below 6GHz 
15kHz, 2.16MHz, 5MHz
30kHz, 4.32MHz, 10MHz
For above 6GHz 
120kHz,17.28MHz,40MHz
240kHz,34.56MHz,80MHz
	ZC-Sequences with m-sequence cover extension
	1
	127
	1016
	1

	ETRI
	15kHz, 2.16MHz
30kHz, 4.32MHz
120kHz, 17.28MHz
240kHz, 34.56MHz
	M-sequence 
	1
	126
	~1000
	1

	Motorola Mobility, Lenovo
	15KHz, 4.32MHz, 3MHz;
30KHz, 8.64MHz, 5MHz;
120KHz, 34.56MHz, 20MHz;
240KHz, 69.12MHz, 40MHz
	M-sequence
	1
	254
	>1000
	1

	Sequans
	
	M-sequence or modified ZC-sequence
	1
	>=63
	<=1000
	1

	NTT DOCOMO, INC.
	Same as NR-PSS as follows
15 kHz, 4.32 MHz, 5 MHz
30 kHz, 8.64 MHz, 10 MHz
120 kHz, 34.56 MHz, 40 MHz
240 kHz, 69.12 MHz, 80 MHz
	M-sequence
	1
	254
	>1000
	1

	CATT
	For below 6GHz 
15kHz, 4.32MHz
For above 6GHz 
120kHz, 34.56MHz
	M-sequence
	1
	2*127
	>1000
	1

	Nokia
	≤6GHz frequency bands
15kHz 2.16MHz
30kHz 4.32MHz
>6GHz frequency bands
120kHz 17.38MHz
240kHz 34.56MHz
	M-sequence
	1
	126
	336
	1



· Describe how NR-SSS is generated and how the sequence is mapped to antenna port
	LTE SSS
(example)
	Figure

Sequence generation

The sequence used for the second synchronization signal is an interleaved concatenation of two length-31 binary sequences. The concatenated sequence is scrambled with a scrambling sequence given by the primary synchronization signal.
The combination of two length-31 sequences defining the secondary synchronization signal differs between subframe 0 and subframe 5 according to



where .



The two sequences  and  are defined as two different cyclic shifts of the m-sequence  according to




where, , is defined by



with initial conditions.

Mapping to resource elements

The sequence  shall be mapped to resource elements according to



Resource elements  where



are reserved and not used for transmission of the secondary synchronization signal.

Mapping to antenna port
The same antenna port as for the primary synchronization signal shall be used for the secondary synchronization signal.

	Ericsson
	Figure

[image: ]
Sequence generation

The sequence  used for the second synchronization signal is a length-126 binary sequences constructed by two m-sequences. It is defined as 






where . The indices  and  are derived from the physical cell ID  according to





Two component sequences  and  are defined as the sequences with different cyclic shifts of a m-sequence  according to 



where  is defined by



with initial conditions .
Mapping to resource elements

The sequences  shall be mapped to the resource elements according to






where  denotes the first subcarrier of the reserved resource blocks for the synchronization signal (SS) block, and the OFDM symbol index,  needs to be further determined according to the SS block resource mapping. In each block, the NR-SSS symbol index, , has the following relationship with that of NR-PSS, .

The resource elements  where


are reserved and not used for transmission of the secondary synchronization signal.Figure
[image: Picture1]
Sequence generation


The sequence  used for the second synchronization signal on one port is a length-63 binary sequences constructed by a m-sequence, and  is the sequence on the other port.
The two sequences are defined as two different cyclic shifts of a m-sequence according to


, 


where, , is defined by



with initial conditions.


In the equation,  and  can be derived based on the basic principle as the same as in LTE



where  is the ID to be delivered by SSS.
Mapping to resource elements


The sequences  and  shall be mapped to resource elements on the resource elements on two ports according to



Resource elements  where


are reserved and not used for transmission of the secondary synchronization signal.

	ZTE
	Note: For Sequence length = 63 LTE sequence generation and mapping is reused. 
Figure
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Figure 2 NR-SSS mapping to RE

Sequence generation

The sequence used for the second synchronization signal is an interleaved concatenation of two length-63 binary sequences. The concatenated sequence is scrambled with a scrambling sequence given by the primary synchronization signal.

The sequence  is constructed  according to the following formula: 






where . The indices  and  are derived from the physical-layer cell-identity group  according to 





The two sequences  and  are defined as two different cyclic shifts of the m-sequence  according to




where, , is defined by



with initial conditions.



The two scrambling sequences  and  depend on the primary synchronization signal and are defined by two different cyclic shifts of the m-sequence  according to






where  is the physical-layer identity within the physical-layer cell identity group and , , is defined by



with initial conditions .


The scrambling sequences  and are defined by a cyclic shift of the m-sequence  according to




where , , is defined by



with initial conditions 
Mapping to resource elements and SS block

The sequence  shall be mapped to the resource elements according to:



where k denotes the subcarriers of the reserved resource blocks for the synchronization signal (SS) block, and the OFDM symbol index,  needs to be further determined according to the SS block resource mapping. 

Resource elements  in the OFDM symbols used for transmission of the secondary synchronization signal where



are reserved and not used for transmission of the secondary synchronization signal.
The primary synchronization signal shall be mapped to one OFDM symbol in each SS block.
Mapping to antenna port
The same antenna port as for the primary synchronization signal shall be used for the secondary synchronization signal.

	MediaTek
	Figure
[image: ]
Sequence generation
1. Generate the length 255 scrambling sequence  via the upper LFSR and the QPSK modulator as shown in the figure above. The initial state vector of the LFSR is set to .
2. Generate the length 255 m-sequence  via the lower LFSR in the figure above. The initial state vector of the LFSR is set to .
3. Generate the 256 time domain, length 255 QPSK modulated  family A sequences , where  and  for  and .
4. Generate the 256 frequency domain, length 255 sequences  where .
5. For cell ID , where , the corresponding frequency domain NR-SSS sequence is given by  for . The mapping from  to  and  are given by:  and .
Mapping to resource elements

The sequence  shall be mapped to the resource elements according to 




where  denotes the index of the first subcarrier of the reserved resource blocks for the synchronization signal (SS) block, and the OFDM symbol index,  needs to be further determined according to the SS block resource mapping.

Resource elements  in the OFDM symbols used for transmission of the secondary synchronization signal where


are reserved and not used for transmission of the secondary synchronization signal.
Mapping to antenna port
The same antenna port as for the primary synchronization signal shall be used for the secondary synchronization signal.

	Samsung
	 Figure


Sequence generation
The sequence  used for NR-SSS is generated from a frequency-domain M-sequence with cyclic shift according to 

where  is a length-255 M-sequence with number index  and cyclic shift value , according to 

and  is the No. M-sequence defined in the following table (), with initial condition be , and  .
	No.
	Recursive construction method

	0
	

	1
	

	2
	

	3
	


The mapping of cell ID  to  and  is according to 


where the set  and . 
Mapping to resource elements
The sequence  is mapped to the resource elements according to 

and

where  is number of total RBs for transmission, and  is the number of subcarriers within a RB (e.g.  12).  corresponds to the OFDM symbol index where NR-SSS is transmitted. 
Mapping to antenna port
Same as NR-PSS.

	Qualcomm
	Figure
[image: ]
Sequence generation

The sequence used for the second synchronization signal is a length-127 binary sequence which is scrambled with a scrambling sequence given by the primary synchronization signal.




for  and . Z=0 is used for the SSS transmission in the first 5ms of the 10ms radio frame (pre-amble) and z=1 is used for the SSS transmission in the second 5ms of the 10ms radio frame (mid-amble)


 The sequence  is defined as a cyclic shift of the m-sequence according to





where , , , is defined by




with initial conditions. Where  . The mapping between () is provided in Table Q.



The two scrambling sequences  and  are used to signal the preamble and mid-amble of the secondary synchronization signal, respectively. They depend on the primary synchronization signal and are defined by two different cyclic shifts of the m-sequence  according to






where  is the physical-layer identity within the physical-layer cell identity group and , , is defined by



with initial conditions.

Table Q: Mapping between ()
	 

	
	
	 

	 

	 

	 

	 

	 


	1
	1
	1
	128
	2
	1
	255
	3
	1

	2
	1
	2
	129
	2
	2
	256
	3
	2

	3
	1
	3
	130
	2
	3
	257
	3
	3

	4
	1
	4
	131
	2
	4
	258
	3
	4

	5
	1
	5
	132
	2
	5
	259
	3
	5

	6
	1
	6
	133
	2
	6
	260
	3
	6

	7
	1
	7
	134
	2
	7
	261
	3
	7

	8
	1
	8
	135
	2
	8
	262
	3
	8

	9
	1
	9
	136
	2
	9
	263
	3
	9

	10
	1
	10
	137
	2
	10
	264
	3
	10

	11
	1
	11
	138
	2
	11
	265
	3
	11

	12
	1
	12
	139
	2
	12
	266
	3
	12

	13
	1
	13
	140
	2
	13
	267
	3
	13

	14
	1
	14
	141
	2
	14
	268
	3
	14

	15
	1
	15
	142
	2
	15
	269
	3
	15

	16
	1
	16
	143
	2
	16
	270
	3
	16

	17
	1
	17
	144
	2
	17
	271
	3
	17

	18
	1
	18
	145
	2
	18
	272
	3
	18

	19
	1
	19
	146
	2
	19
	273
	3
	19

	20
	1
	20
	147
	2
	20
	274
	3
	20

	21
	1
	21
	148
	2
	21
	275
	3
	21

	22
	1
	22
	149
	2
	22
	276
	3
	22

	23
	1
	23
	150
	2
	23
	277
	3
	23

	24
	1
	24
	151
	2
	24
	278
	3
	24

	25
	1
	25
	152
	2
	25
	279
	3
	25

	26
	1
	26
	153
	2
	26
	280
	3
	26

	27
	1
	27
	154
	2
	27
	281
	3
	27

	28
	1
	28
	155
	2
	28
	282
	3
	28

	29
	1
	29
	156
	2
	29
	283
	3
	29

	30
	1
	30
	157
	2
	30
	284
	3
	30

	31
	1
	31
	158
	2
	31
	285
	3
	31

	32
	1
	32
	159
	2
	32
	286
	3
	32

	33
	1
	33
	160
	2
	33
	287
	3
	33

	34
	1
	34
	161
	2
	34
	288
	3
	34

	35
	1
	35
	162
	2
	35
	289
	3
	35

	36
	1
	36
	163
	2
	36
	290
	3
	36

	37
	1
	37
	164
	2
	37
	291
	3
	37

	38
	1
	38
	165
	2
	38
	292
	3
	38

	39
	1
	39
	166
	2
	39
	293
	3
	39

	40
	1
	40
	167
	2
	40
	294
	3
	40

	41
	1
	41
	168
	2
	41
	295
	3
	41

	42
	1
	42
	169
	2
	42
	296
	3
	42

	43
	1
	43
	170
	2
	43
	297
	3
	43

	44
	1
	44
	171
	2
	44
	298
	3
	44

	45
	1
	45
	172
	2
	45
	299
	3
	45

	46
	1
	46
	173
	2
	46
	300
	3
	46

	47
	1
	47
	174
	2
	47
	301
	3
	47

	48
	1
	48
	175
	2
	48
	302
	3
	48

	49
	1
	49
	176
	2
	49
	303
	3
	49

	50
	1
	50
	177
	2
	50
	304
	3
	50

	51
	1
	51
	178
	2
	51
	305
	3
	51

	52
	1
	52
	179
	2
	52
	306
	3
	52

	53
	1
	53
	180
	2
	53
	307
	3
	53

	54
	1
	54
	181
	2
	54
	308
	3
	54

	55
	1
	55
	182
	2
	55
	309
	3
	55

	56
	1
	56
	183
	2
	56
	310
	3
	56

	57
	1
	57
	184
	2
	57
	311
	3
	57

	58
	1
	58
	185
	2
	58
	312
	3
	58

	59
	1
	59
	186
	2
	59
	313
	3
	59

	60
	1
	60
	187
	2
	60
	314
	3
	60

	61
	1
	61
	188
	2
	61
	315
	3
	61

	62
	1
	62
	189
	2
	62
	316
	3
	62

	63
	1
	63
	190
	2
	63
	317
	3
	63

	64
	1
	64
	191
	2
	64
	318
	3
	64

	65
	1
	65
	192
	2
	65
	319
	3
	65

	66
	1
	66
	193
	2
	66
	320
	3
	66

	67
	1
	67
	194
	2
	67
	321
	3
	67

	68
	1
	68
	195
	2
	68
	322
	3
	68

	69
	1
	69
	196
	2
	69
	323
	3
	69

	70
	1
	70
	197
	2
	70
	324
	3
	70

	71
	1
	71
	198
	2
	71
	325
	3
	71

	72
	1
	72
	199
	2
	72
	326
	3
	72

	73
	1
	73
	200
	2
	73
	327
	3
	73

	74
	1
	74
	201
	2
	74
	328
	3
	74

	75
	1
	75
	202
	2
	75
	329
	3
	75

	76
	1
	76
	203
	2
	76
	330
	3
	76

	77
	1
	77
	204
	2
	77
	331
	3
	77

	78
	1
	78
	205
	2
	78
	332
	3
	78

	79
	1
	79
	206
	2
	79
	333
	3
	79

	80
	1
	80
	207
	2
	80
	334
	3
	80

	81
	1
	81
	208
	2
	81
	 
	 
	 

	82
	1
	82
	209
	2
	82
	 
	 
	 

	83
	1
	83
	210
	2
	83
	 
	 
	 

	84
	1
	84
	211
	2
	84
	 
	 
	 

	85
	1
	85
	212
	2
	85
	 
	 
	 

	86
	1
	86
	213
	2
	86
	 
	 
	 

	87
	1
	87
	214
	2
	87
	 
	 
	 

	88
	1
	88
	215
	2
	88
	 
	 
	 

	89
	1
	89
	216
	2
	89
	 
	 
	 

	90
	1
	90
	217
	2
	90
	 
	 
	 

	91
	1
	91
	218
	2
	91
	 
	 
	 

	92
	1
	92
	219
	2
	92
	 
	 
	 

	93
	1
	93
	220
	2
	93
	 
	 
	 

	94
	1
	94
	221
	2
	94
	 
	 
	 

	95
	1
	95
	222
	2
	95
	 
	 
	 

	96
	1
	96
	223
	2
	96
	 
	 
	 

	97
	1
	97
	224
	2
	97
	 
	 
	 

	98
	1
	98
	225
	2
	98
	 
	 
	 

	99
	1
	99
	226
	2
	99
	 
	 
	 

	100
	1
	100
	227
	2
	100
	 
	 
	 

	101
	1
	101
	228
	2
	101
	 
	 
	 

	102
	1
	102
	229
	2
	102
	 
	 
	 

	103
	1
	103
	230
	2
	103
	 
	 
	 

	104
	1
	104
	231
	2
	104
	 
	 
	 

	105
	1
	105
	232
	2
	105
	 
	 
	 

	106
	1
	106
	233
	2
	106
	 
	 
	 

	107
	1
	107
	234
	2
	107
	 
	 
	 

	108
	1
	108
	235
	2
	108
	 
	 
	 

	109
	1
	109
	236
	2
	109
	 
	 
	 

	110
	1
	110
	237
	2
	110
	 
	 
	 

	111
	1
	111
	238
	2
	111
	 
	 
	 

	112
	1
	112
	239
	2
	112
	 
	 
	 

	113
	1
	113
	240
	2
	113
	 
	 
	 

	114
	1
	114
	241
	2
	114
	 
	 
	 

	115
	1
	115
	242
	2
	115
	 
	 
	 

	116
	1
	116
	243
	2
	116
	 
	 
	 

	117
	1
	117
	244
	2
	117
	 
	 
	 

	118
	1
	118
	245
	2
	118
	 
	 
	 

	119
	1
	119
	246
	2
	119
	 
	 
	 

	120
	1
	120
	247
	2
	120
	 
	 
	 

	121
	1
	121
	248
	2
	121
	 
	 
	 

	122
	1
	122
	249
	2
	122
	 
	 
	 

	123
	1
	123
	250
	2
	123
	 
	 
	 

	124
	1
	124
	251
	2
	124
	 
	 
	 

	125
	1
	125
	252
	2
	125
	 
	 
	 

	126
	1
	126
	253
	2
	126
	 
	 
	 

	127
	1
	127
	254
	2
	127
	 
	 
	 



Mapping to resource elements

The sequence  shall be mapped to the resource elements of synchronization signal block according to



where  and denote the starting OFDM symbol within a subframe and subcarrier, respectively, of a synchronization signal block . Resource elements  in the OFDM symbol used for transmission of the secondary synchronization signal where


are reserved and not used for transmission of the secondary synchronization signal.

	Sierra Wireless
	Figure

Sequence generation
Sequence similar to LTE but of length 126. It is generated using the concatenation of two 63-length m-sequences. 
The sequence d(0),…,d(125) used for the second synchronization signal is an interleaved concatenation of two length-63 binary sequences.
The combination of two length-63 sequences defining the secondary synchronization signal differs between subframe 0 and subframe 10 (depending on the periodicity) according to



where.

Mapping to resource elements
Similar to LTE but of length 126.


	Intel
	Figure
[image: ]

[image: ]

Sequence generation

The sequence used for the second synchronization signal is an gold sequence, which is a bitwise XOR of two length-L binary m-sequences generated from g1(x) and g2(x) primitive polynomials, respectively. 
The gold sequence, d(n), is defined as


The two sequences c0(n) and c1(n) are defined as two different cyclic shifts of the m-sequence s0(n) and s1(n) according to

,
where s0(n) and s1(n) are the m-sequence generated from primitive polynomials g1(x) and g2(x), respectively.

Physical cell ID, NID, is determined by



When L = 127:
s0(n) and s1(n) are m-sequences generated from g1(x) = x7 + x3 + 1, and g2(x) = x7 + x3 + x2 + x +1, respectively. Both m-sequences are generated with initial conditions {0,0,0,0,0,1}.

The sequence s0(n) can be provided in the following recursive form

,
s(0) = 1, s(1) = s(2) = s(3) = s(4) = s(5) = s(6) = 0,
which results in the following sequence:
{1,0,0,0,0,0,0,1,0,0,0,1,0,0,1,1,0,0,0,1,0,1,1,1,0,1,0,1,1,0,1,1,0,0,0,0,0,1,1,0,0,1,1,0,1,0,1,0,0,1,1,1,0,0,1,1,1,1,0,1,1,0,1,0,0,0,0,1,0,1,0,1,0,1,1,1,1,1,0,1,0,0,1,0,1,0,0,0,1,1,0,1,1,1,0,0,0,1,1,1,1,1,1,1,0,0,0,0,1,1,1,0,1,1,1,1,0,0,1,0,1,1,0,0,1,0,0}

The sequence s1(n) can be provided in the following recursive form

,
s(0) = 1, s(1) = s(2) = s(3) = s(4) = s(5) = s(6) = 0,
which results in the following sequence:
{1,0,0,0,0,0,0,1,0,0,0,1,1,1,1,1,0,1,0,0,1,1,0,1,0,0,0,1,0,1,1,1,1,0,1,1,0,1,1,1,0,1,1,1,1,1,1,1,0,0,0,0,1,0,1,0,1,1,0,0,0,1,0,0,1,1,1,1,0,0,1,0,1,0,0,1,0,0,1,0,1,1,0,1,0,1,0,1,0,0,0,0,0,1,1,0,0,1,0,0,0,0,1,1,1,0,1,0,1,1,1,0,0,1,1,1,0,0,0,1,1,0,1,1,0,0,1}

When L = 255:
s0(n) and s1(n) are m-sequences generated from g1(x) = x8 + x7 + x6 + x5 + x2 + x +1, 1, and g2(x) = x8 + x7 + x6 + x + 1, respectively. Both m-sequences are generated with initial conditions {0,0,0,0,0,0,0,1}.

The sequence s0(n) can be provided in the following recursive form

,
s(0) = 1, s(1) = s(2) = s(3) = s(4) = s(5) = s(6) = s(7) = 0,
which results in the following sequence:
{1,0,0,0,0,0,0,0,1,1,0,0,1,1,1,1,1,0,1,0,0,0,1,1,0,1,1,0,1,0,1,0,1,0,1,1,0,1,0,0,1,1,0,0,0,1,0,1,0,0,1,0,0,1,0,0,0,1,0,0,0,1,1,1,0,1,0,0,1,0,1,0,0,0,1,0,,1,1,1,1,0,1,0,1,1,1,1,1,0,0,1,0,0,0,0,1,0,0,0,0,0,1,0,0,1,1,0,1,1,1,0,0,1,1,0,1,0,0,0,0,0,0,1,0,1,0,1,0,0,0,0,1,1,1,0,0,1,0,1,1,0,1,1,1,1,1,1,1,1,0,1,1,1,0,1,0,1,0,0,1,1,1,1,0,1,1,0,1,1,0,0,1,1,0,0,1,0,0,1,1,1,0,1,1,1,1,0,0,1,1,1,0,0,0,1,1,1,1,0,0,0,0,1,0,1,1,0,0,0,1,1,0,0,0,0,1,1,0,1,0,1,1,0,0,1,0,1,0,1,1,1,0,0,0,0,0,1,1,1,1,1,1,0,0,0,1,0,0,1,0,1,1,1,0,1}

The sequence s1(n) can be provided in the following recursive form

,
s(0) = 1, s(1) = s(2) = s(3) = s(4) = s(5) = s(6) = s(7) = 0,
which results in the following sequence:
{1,0,0,0,0,0,0,0,1,1,0,1,1,0,1,0,1,0,0,0,1,0,0,1,0,1,1,1,1,0,0,1,0,1,0,0,0,1,0,0,0,1,1,0,0,1,1,0,0,0,1,1,1,0,0,0,0,1,1,0,0,0,0,0,1,1,1,0,1,1,0,0,0,0,1,0,1,0,1,1,0,0,1,0,0,1,1,1,0,0,1,1,1,0,1,0,1,0,1,1,1,1,1,1,1,1,0,1,1,0,1,1,0,0,1,1,1,1,0,0,0,1,1,0,1,0,1,1,1,0,0,1,0,0,0,0,1,1,1,1,0,1,1,1,0,1,1,1,1,0,1,0,0,0,0,0,1,0,0,0,0,0,0,1,0,1,1,0,1,1,1,1,1,0,0,1,1,0,1,1,1,0,0,0,1,0,1,1,1,0,1,0,0,1,1,0,0,1,0,1,0,1,0,1,0,0,1,0,0,1,0,0,0,1,0,1,0,0,0,0,1,0,0,1,1,0,1,0,0,0,1,1,1,1,1,0,1,0,1,1,0,1,0,0,1,0,1,0,0,1,1,1,1,1}


Mapping to resource elements

For length 127 sequence, the sequence  shall be mapped to the resource elements according to 


The primary synchronization signal shall be mapped to symbol l+1 of the SS block.

Resource elements  in the OFDM symbols used for transmission of the primary synchronization signal where k = -72, -71, …, -65, 64, 65, …, 72 are reserved and not used for transmission of the primary synchronization signal.


For length 255 sequence, the sequence  shall be mapped to the resource elements according to 


The primary synchronization signal shall be mapped to symbol l+1 of the SS block.

Resource elements  in the OFDM symbols used for transmission of the primary synchronization signal where k = -143, -142, …, -129, 128, 129, …, 143 are reserved and not used for transmission of the primary synchronization signal.

Mapping to antenna port
The same antenna port as for the primary synchronization signal shall be used for the secondary synchronization signal.

	Huawei
	Figure


Sequence generation

The sequence used for the second synchronization signal is an interleaved concatenation of two length-63 binary sequences. The concatenated sequence is scrambled with a scrambling sequence given by the primary synchronization signal.



where .



The indices  and  are derived from the physical-layer cell-identity group  according to 





The two sequences  and  are defined as two different cyclic shifts of the m-sequence  according to




where, , is defined by



with initial conditions.



The two scrambling sequences  and  depend on the primary synchronization signal and are defined by two different cyclic shifts of the m-sequence  according to






where  is the physical-layer identity within the physical-layer cell identity group  and , , is defined by



with initial conditions .



The scrambling sequences  and  are defined by a cyclic shift of the m-sequence  according to






where , , is defined by



with initial conditions .
Mapping to resource elements
According to the figure, around a synchronization signal center frequency, on every subcarrier.
Mapping to antenna port
FFS

	InterDigital
	Figure


Sequence generation

The sequence used for the secondary synchronization signal is an interleaved concatenation of two length-63 binary sequences. The combination of two length-63 sequences defines the secondary synchronization signal. 


where .
S Sequence: 



The two sequences  and  are defined as two different cyclic shifts of the m-sequence  according to




where, , is defined by



with initial conditions.
The shift register connections and initializations for S sequences may be optimized further. 



The indices  and  are derived from the physical-layer cell-identity group  according to





Use of m0 and m1 and indication of may be optimized further. The detailed mapping of  and  for associated IDs or additional information are TBD. Sequence may be repeated for enhanced performance.
Mapping to resource elements

The sequence  shall be mapped to resource elements according to




Resource elements  in the OFDM symbols used for transmission of the secondary synchronization signal where


are reserved and not used for transmission of the secondary synchronization signal.
 corresponds to the OFDM symbol index where NR-SSS is transmitted.
Mapping to antenna port (same for all Alt)
The same antenna port used for the primary synchronization signal shall be used for the secondary synchronization signal.

	LG Electronics
	Figure

Sequence generation

(1) The sequence used for the second synchronization signal is ZC-sequences with m-sequence cover extension which can be generated by an element-wise multiplication of a ZC-sequence with a m-sequence:


· 
Hypotheses:
· 



, , , 
	U
	0
	1
	2
	3
	4
	5
	6
	7

	u 
(Root Index)
	51
	76
	27
	100
	23
	104
	52
	75




(2) An m-sequence sequence  can be provided in the following form






Cyclic shifted versions of the BPSK modulated sequence are obtained by the following operation:



(3) The ZC sequence is generated by the following form



Mapping to resource elements

The sequence  shall be mapped to resource elements according to



Resource elements  where



are reserved and not used for transmission of the secondary synchronization signal.

Mapping to antenna port
The same antenna port as for the primary synchronization signal shall be used for the secondary synchronization signal.

	ETRI
	Figure


Sequence generation
Sequence similar to LTE but of length 126. It is generated using the concatenation of two 63-length m-sequences.
The sequence  used for the second synchronization signal is an interleaved concatenation of two length-63 binary sequences. A scrambling sequence given by the primary synchronization signal is not used.
The combination of two length-63 sequences defining the secondary synchronization signal will be the same in all of SS blocks since there is no need to detect frame boundary.

where .
Mapping to resource elements
Similar to LTE but of length 126.
Mapping to antenna port
The same antenna port as for the primary synchronization signal shall be used for the secondary synchronization signal.

	Motorola Mobility, Lenovo
	Figure


Sequence generation (L=127)


Two binary sequences  and are constructed from 3 m-sequences of length-L according to 

,





where  and . The indices  and  are derived from the cell-identity  according to 

.





The first sequence  is an m-sequence of length-L. The second and third sequences  and  are defined by a cyclic shift of the m-sequence  and a cyclic shift of the m-sequence , respectively, according to

,

.

The first m-sequence  is given by [image: ], [image: ], where [image: ]is defined by



with initial conditions 
The second m-sequence [image: ] is given by [image: ], [image: ], where [image: ] is defined by


with initial conditions [image: ]
The third m-sequence [image: ] is given by [image: ], [image: ], where [image: ] is defined by



with initial conditions 
With concatenation of 2 sequences, the SSS sequence of length-254 is defined by  



Mapping to resource elements

The sequence  shall be mapped to the resource elements according to 




where  denotes the first subcarrier of the reserved resource blocks for the synchronization signal (SS) block, and the OFDM symbol index,  needs to be further determined according to the SS block resource mapping. 

Resource elements  in the OFDM symbols used for transmission of the secondary synchronization signal where


are reserved and not used for transmission of the secondary synchronization signal.
Mapping to antenna port
The same antenna port as for the primary synchronization signal shall be used for the secondary synchronization signal.

	Sequans
	Figure
[image: C:\Users\mpalgy\Downloads\Untitled Diagram (5).jpg]
Sequence generation
Option 1: LTE-like SSS with two concatenated M-sequences where M is not smaller than 31 (sequence length equals N=2M+1).
Option 2: Modified ZC-sequence as proposed by [R1-1700295] with length-N where N is larger than 173.


In addition, time index of SS-block is indicated by circular shift of the SSS in frequency domain: SSS sequence of length N with T cyclic shifts where T is smaller than N (i.e the offset between adjacent SS blocks is N/T) can be utilised as long as N/T is bigger than the residual CFO error on the SSS divided by the subcarrier spacing (SCS).
Mapping to antenna port
The same antenna port as for the primary synchronization signal shall be used for the secondary synchronization signal.

	NTT DOCOMO, INC.
	Sequence Design and Resource Mapping

NR-SSS sequence  should be defined as interleaved concatenation of two length-127 M-sequences without scrambling. A sequence scrambling with any cell ID given by NR-PSS and a scrambling for different slots are not consider.








Where . The two sequences  and  are defined as two different cyclic  and  shifts of the m-sequence  as follows. 




Where , , is defined by


with initial conditions (0,0,0,0,0,0,1).



In addition, the sequence  are defined as cyclic shift  of the m-sequence  as follows.




Where , , is defined by




with initial conditions (0,0,0,0,0,0,1). The mapping of cyclic shift  and  between associated IDs or other information (e.g. SS block index) are TBD.

Figure
 [image: ]

	CATT
	Figure
0
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Freg

Sequence generation
The sequence  used for the second synchronization signal is an interleaved concatenation of two length-127 binary sequences. The concatenated sequence is scrambled with a scrambling sequence given by the primary synchronization signal.
The sequence  can be got according to the following formula: 






where . The indices  and  are derived from the physical-layer cell-identity group  according to 





The two sequences  and  are defined as two different cyclic shifts of the m-sequence  according to




where, , is defined by


with initial conditions

.



The two scrambling sequences  and  depend on the primary synchronization signal and are defined by two different cyclic shifts of the m-sequence  according to






where  is the physical-layer identity within the physical-layer cell identity group and , , is defined by



with initial conditions 



The scrambling sequences  and  are defined by a cyclic shift of the m-sequence  according to






where , , is defined by



with initial conditions 
Mapping to resource elements and SS block


The sequence  shall be mapped to the resource elements  according to:




where  denotes the first subcarrier of the reserved resource blocks for the synchronization signal (NR-SSS) block, and the OFDM symbol index,  needs to be further determined according to the SS block resource mapping.  
Mapping to antenna port
The same antenna port as for the primary synchronization signal shall be used for the secondary synchronization signal.

	Nokia
	Sequence generation

The proposed SSS sequence is based on the LTE SSS sequence. The LTE set is enlarged to cover 336 sequences and the sequence length is lengthened to 126. The sequence used for the second synchronization signal is an interleaved concatenation of two length-63 binary sequences. The concatenated sequence is scrambled with a scrambling sequence given by the primary synchronization signal.
The combination of two length-63 sequences defining the secondary synchronization signal is constructed by interleaving the two sequences in frequency domain according to



where .



The two sequences  and  are defined as two different cyclic shifts of the m-sequence  according to




where, , is defined by


with initial conditions

.




The two scrambling sequences  and  depend on the primary synchronization signal and are defined by two different cyclic shifts of the m-sequence  according to 





where  is the physical-layer identity within the physical-layer cell identity group  and  is defined by


with initial conditions 





The scrambling sequence  is defined by a cyclic shift of the m-sequence  according to



where  is defined by


with initial conditions


Mapping to resource elements
The sequence shall be mapped to consecutive REs.
Mapping to antenna port
The same antenna port as for the primary synchronization signal shall be used for the secondary synchronization signal.



· Describe NR-SSS detection algorithm
	LTE SSS
(example)
	

	Ericsson
	The detection algorithm of LTE can be directly used here to detect the expected cell ID

	ZTE
	1. UE estimates radio channel and frequency offset based on the detected PSS for each PSS timing, and compensates SSS for radio channel and frequency offset;
2. UE gets frequency domain SSS, and computes correlation values between frequency domain SSS and SSS replicas;
3. UE selects a number of correlation peaks (e.g. M). 


4. After implementing above steps for all PSS timings, UE gets M*N pair of  and , i.e. detected M*N Cell ID.
5. UE compares detected M*N Cell IDs with target Cell ID. If one of M*N Cell IDs equals to target Cell ID (known in the simulation), NR-SS detection is successful, otherwise, NR-SS detection is unsuccessful.

	MediaTek
	With the timing alignment & frequency offset correction provided by PSS, a correlation based ID detection algorithm can directly applied for SSS detection. Improvements in Timing & frequency offset estimation can also be obtained with the help of SSS.

	Samsung
	For each cell ID hypotheses, UE performs frequency domain non-coherent detection based on the correlation between received signal and reference, using the detected timing the CFO from NR-PSS. 

	Qualcomm
	· Frequency domain SSS detection e.g., UE transforms receive signals into frequency domain and correlate received frequency domain SSS samples with SSS sequence hypotheses.
· The correlation energy of hypotheses are compared with pre-defined threshold (to maintain a target false alarm).
· The wining hypotheses after SSS detection provide information such as frame timing and SSS ID.
· PCI is detected by combining SSS ID and PSS ID (like LTE)

	Sierra Wireless 
	Detection algorithm similar to LTE can be used.

	Intel
	Received SSS signal in frequency domain is de-scrambled with the set of hypothesis of the first m-sequence, c0(n). Fast Walsh-Hadamard Transform (FWHT) (of interleaved signal) is utilized to detect the cyclic shift of the de-scrambled received signal, which will only compose of the second m-sequence, c1(n). A single FWHT is needed for each hypothesis of the cyclic shift of the first m-sequence, which is limited to a small value (either 4 or 8).
It should be noted that FWHT can be applied on top of the differential multiplication of the de-scrambled received signal. The differential multiplication of the de-scrambled received signal, r(n), is defined as

 ,
where y(n) be received SSS in frequency domain.
This is possible because multiplication of a m-sequence and it’s delayed version results in a cyclically shifted version of the original m-sequence. Performing detection on the differential multiplication is robust against residual timing offset. 

	Huawei
	Same detection principle as for LTE SSS, only the length of the m-sequences has increased.

	InterDigital
	Frequency domain correlation algorithm is used for SSS detection. Starting sample location of SSS is determined by using the knowledge timing from PSS and periodicity of the burst. CP removal and FFT is performed on received SSS. Odd and even subcarriers are separated. Cross-correlation is performed. Non-Coherent Detection. 

	LG Electronics
	Step 1: Descrambling of M-sequence
Step 2: DFT per M-sequence

	ETRI
	Same detection algorithm as for LTE-SSS can be used considering longer length than that of LTE.

	Motorola Mobility, Lenovo
	Correlation with the candidate sequences in the frequency domain

	Sequans
	1. PSS correlation in time gives symbol timing and frequency offset.
2. FFT of SSS candidate.
3. Equalization of SSS with PSS channel estimation (in case of coherent detection).
4. Correlation of the equalized signal with all (partial*) Cell-ID possibilities and get information about the peak height and peak position.
5. Select Cell-ID according to maximal peak height and indirectly obtain the SS block time index from peak position.
*Note: partial in case PSS conveys a part of the Cell-ID info.

	NTT DOCOMO, INC.
	

 The detection algorithm similar to LTE can be reused. UE performs frequency domain correlation detection for each concatenated M-sequence. Then UE derives NR cell ID and possibly other information (e.g. SS block index) from cyclic shift  and  derived by correlation detection.

	CATT
	Detection algorithm similar to LTE can be used.

	Nokia
	Similar detection algorithm as for LTE can be used.


Note: Companies provide high level description of NR-SSS detection algorithm.
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