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Introduction
In RAN1#88bis, the following working assumption and agreements were made [1]:
Working assumption: 
· Number of PSS sequences: 3
· PSS sequence details:
· Frequency domain-based pure BPSK M sequence (fixing the time/freq. offset ambiguity)
· 1 polynomial: Decimal 145 (i.e. g(x) = x7 + x4 + 1)
· In freq. domain 3 cyclic shifts (0, 43, 86) to get the 3 PSS signals
· Initial poly shift register value: 1110110
· FFS modified ZC: 2 ZC sequences concatenation or interleaving in time or freq., 4 ZC sequences concatenation in time
Agreements
· Number of SSS signals: 1000 post-scrambling
· PSS sequence length: 127 for frequency domain-based pure BPSK M sequence
· Note that PSS will be mapped to consecutive 127 subcarriers
· SSS sequence length: 127
· Subcarrier spacings for PSS/SSS for difference freq. ranges: 15kHz/30kHz for below 6 GHz, and 120kHz/240kHz for above 6 GHz
· Note: RAN1 assumes that RAN4 will decide it depending on frequency ranges
· SSS sequence details: Long M-sequence with scrambling
· SYNC frequency raster: RAN1 assumes that RAN4 will decide it 
· SS burst set periodicity default value for initial cell selection: 20/20 msec
· Note that RAN1 assumes that RAN4 will investigate requirements
· Time index indication: PBCH conditioned that mobility and HO related requirements can be met
· Note: RAN1 assumes that RAN2 will check against to RAN2 requirements
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)
· PBCH phase reference: DMRS
· PBCH TTI: 80 msec
In the contribution, we discuss the NR-PSS and NR-SSS design.
NR PSS Design
In this section, we discuss the sequence and coefficients for the NR PSS generation according to the following working assumption made in RAN1#88bis[1]:
Working assumption: 
· Number of PSS sequences: 3
· PSS sequence details:
· Frequency domain-based pure BPSK M sequence (fixing the time/freq. offset ambiguity)
· 1 polynomial: Decimal 145 (i.e. g(x) = x7 + x4 + 1)
· In freq. domain 3 cyclic shifts (0, 43, 86) to get the 3 PSS signals
· Initial poly shift register value: 1110110
· FFS modified ZC: 2 ZC sequences concatenation or interleaving in time or freq., 4 ZC sequences concatenation in time
For  M sequence, the problem of phase reversal is still existing. Phase reversal is observed during the NR-SS detection with high frequency error and causes the degradation of accuracy in peak detection. Let  be the PSS sequence in time domain and  be the time domain samples for PSS sequence  with frequency offset , where  is the subcarrier spacing.

where  is the sampling interval.  Assume that  is equal to the length L of PSS, the time domain correlation q between  and  can be expressed as 

We can assume that noise is zero mean. If there is no frequency error, i.e., we get the correlation peak of L.   
So if , the value of correlation peak will decrease. When frequency offset equals to subcarrier spacing, i.e., the value of correlation peak should be close to zero. Although multi-segmentation correlation can be used to mitigate the impact of frequency offset, it scarifies the processing gain of auto-correlation. In the multi-segmentation correlation, PSS is separated into several parts in the time domain, and the correlation is done separately on each part.  The sum of the absolute value of the correlations is used as the reference for the peak detection.
In LTE, ZC sequence is used as the PSS sequence because of its better performance on correlation and detection complexity. Some ZC sequences are more robust to frequency offset than others. These ZC sequences can be found through root indexes selection and used for PSS sequences. 
Proposal 1: Numerology agnostic ZC sequence as introduced in Appendix II should be used as the PSS sequence.
Another issue with M sequence is the PAPR. For a given M sequence, different cyclic shifts will cause different PAPRs. For the M sequence in the working assumption, Figure 1 shows the PAPRs with different cyclic shifts. As shown in Figure 1, the minimum PAPR is about 3.8dB, and the maximum PAPR can reach more than 7dB. The difference of the minimum PAPR and the maximum PAPR of the M sequence can be more than 3dB. The minimum PAPR at cyclic shift 55 is about 3.8dB, which is about at least 1.5dB lower than the PAPRs of cyclic shifts (0, 43, 86), which is proposed in the WA. Thus, at least the cyclic shift 55, which provide the minimum PAPR, should be considered as one of the cyclic shifts for PSS sequences. The other two cyclic shifts for PSS M-sequence should be selected by the consideration of both PAPR values and the cyclic shift distance from the cyclic shift 55. For example, cyclic shifts  65 and 123 are two good candidates.
Proposal 2: If the M sequence in the working assumption of RAN1 #88bis meeting were accepted as the PSS sequence, at least the cyclic shift 55 should be considered as one of the cyclic shifts for PSS sequences. The other two cyclic shifts should be selected by the consideration of PAPR values and the cyclic shift distance from the cyclic shift 55, The cyclic shifts 65 and 123 are two good candidates. 


Figure 1: PAPR for different cyclic shift
In Figure 1, we can see that the 2nd minimum PAPR is presented at cyclic shift 53.   However, it may not be proper to select cyclic shift 53 as another  cyclic shift of PSS. The reason is that the two indexes [55, 53] are too close, which may cause the ambiguity of PSS sequence detection as shown following figure. 


Figure 2: Illustration of PSS Detection Ambiguity

The PSS sequence used is the local sequence 1. If there are frequency offset of 2 subcarriers, UE may detect the local sequence 2 as the transmitted sequence as shown in Figure 2.


NR SSS Design
In this section, we discuss the methods for the NR SSS generation according to the following agreements made in RAN1#88bis[1]:
· Number of PSS sequences: 3
· Number of SSS signals: 1000 post-scrambling
· SSS sequence length: 127
· SSS sequence details: Long M-sequence with scrambling

Primitive polynomials for SSS m-sequences
An m-sequences with period  is generated by a primitive binary polynomial with the degree n, , where  and the other ’s take on values 0 or 1. It is conventional to represent such a polynomial by a binary vector  and to express the vector in octal or decimal notations. An m-sequence can be implemented by an n-stage binary linear feedback shift register with a length-n binary non-zero initial value. Any cyclic shift  of the m-sequence with length becomes another length m-sequence. Thus, one primitive polynomial with the degree of n can be used to generate up to different m-sequences.
For NR SSS, the length of the m-sequences for SSS is 127. Thus, the m-sequences for SSS should be generated by primitive polynomials with the degree n=7 (. With the cyclic shift  of the m-sequence, one primitive polynomial with the degree of  can be used to generate up to different m-sequences for SSS. Consider that the NR needs to support at least 1000 SSS signals after scrambling with the three PSS sequences, it needs at least  SSS m-sequences.
For the generation of length m-sequences, there may be multiple primitive polynomials with degree n available . However, these primitive polynomials may have different cross-correlation properties. The cross-correlation of two m-sequences takes on at least three values. For better SSS detection performance, it is desirable to select those primitive polynomials with smaller cross-correlation values.  For two m-sequences, if their cross-correlation takes on three smallest possible values , where , the corresponding pair of m-sequences (polynomials) is called a preferred pair of m-sequences (polynomials). For length-127 m-sequences, there are total 18 primitive polynomials available for the generation of m-sequences [2]. Each preferred pair of m-sequences has the cross-correlation values .
In addition, for a collection of m-sequences with degree n, if it has the property that each pair is a preferred pair, the collection of the m-sequences is called a connected set. For length-127 m-sequences, the 18 primitive polynomials form multiple connected set. The maximum size of the connected set for length-127 m-sequences is 6. For example, the primitive polynomials {137, 143, 191, 211, 131, 171} (in decimal) forms one of the largest possible connected sets for length-127 m-sequences; while the primitive polynomials {145, 131, 171, 185, 247, 229} forms another largest possible connected set [2].
Proposal 3: For NR SSS, preferred pairs of polynomials should be used for the generation of the SSS m-sequences. 
Proposal 4: For NR SSS, if more than two polynomials are used for the generation of the SSS m-sequences, the primitive polynomials should be selected from the same connected set. 
Generation of the SSS m-sequences
In the following, we present the methods for the generation of the NR SSS sequences.
Method 1
In the Method 1, the NR SSS sequences are generated by scrambling the PSS sequences with the m-sequences generated from three primitive polynomials selected from the same connected set as shown in the following steps.
Step 1: Generation of the scrambling sequences. 
Three length-127 m-sequences , , which represents the three PSS sequences, can be used as the scrambling sequences.  are generated as follows:



where，, , is defined by

with initial conditions 
Step 2: Selection of the primitive polynomials and generation of three lengh-127 m-sequences 
Select any three primitive polynomials of degree 7 from any connected set of primitive polynomials of degree 7. As an example,  here the primitive polynomials {137, 143, 191} (in decimal) are selected  for the generation of the three lengh-127 m-sequences , which are defined as follows:




The initial conditions can be any non-zero binary sequences. For example, the following initial conditions can be used.
 .
 .
 .

Step 3: Generation of the SSS sequences 
With the three scrambling sequences  and the above three length-127 m-sequences, more than 1000 SSS sequences are generated by scrambling the cyclic shifted three lengh-127 m-sequences    to generate the SSS sequences  as follows:


With above approach, the number of total SSS sequences post-scrambling is 1008. Thus, the SSS sequences will support 1008 unique physical-layer cell identities. 
Method 2
In the Method 2, the NR SSS sequences are generated by scrambling the PSS sequences with the m-sequences generated from six primitive polynomials selected from the same connected set as shown  in the following steps.
Step 1: Generation of the scrambling sequences. 
The same as the Step 1 in Method 1.
Step 2: Selection of six primitive polynomials for the generation of six lengh-127 m-sequences 
For length-127 m-sequences, the maximum size of the connected set is 6. Thus, we may use all six primitive polynomials from any connected set of primitive polynomials, which allows to increase the cyclic shifts of the m-sequence to enhance the robustness of SSS sequences against potential impact of time offset and frequency offset. For example, the primitive polynomials {137, 143, 191, 211, 131, 171} (in decimal) can be selected ) for the generation of the six lengh-127 m-sequences , which can be generated in a similar way as described in Step 2 in Method 1.
Step 3: Generation of the SSS sequences 
With the three scrambling sequences  and the six length-127 m-sequences  , more than 1000 SSS sequences can be generated by scrambling the cyclic shifted six lengh-127 m-sequences    to generate the SSS sequences 


With above approach, the number of total SSS sequences post-scrambling is 1008. Thus, the SSS sequences will support 1008 unique physical-layer cell identities. 
Method 3
In the Method 3, the NR SSS sequences are generated by scrambling each of the PSS sequences with two m-sequences generated from a pair of preferred polynomials as shown in the following steps.
Step 1: Generation of the scrambling sequences
The same as the Step 1 in Method 1.
Step 2: Selection of two primitive polynomials for the generation of two length-127 m-sequences 
Select a preferred pair of primitive polynomials, e.g., {137, 143}, for the generation of two length-127 m-sequences (Note: The method applies for any preferred pair of primitive polynomials). The same approach used in Step 2 of Method 1 for the generation of the two lengh-127 m-sequences  can be used. 
Step 3: Generation of the SSS sequences 
With the three scrambling sequences  and the two length-127 m-sequences , more than 1000 SSS sequences   can be generated can be generated: 




With above approach, the number of total SSS sequences post-scrambling is 1008. Thus, the SSS sequences will support 1008 unique physical-layer cell identities. The advantage of the approach is that it only needs to have two primitive polynomials (in addition to the scrambling sequences). The issue with the approach is that the SSS sequences are the mod2 combination of three m-sequences, which may increase the detection complexity.

SS Simulation
The simulation condition is shown in Appendix I. 
The performance evaluation for different SSS sequences is given in Figure 3. In the simulation, numerology agnostic method is used for generation of PSS for three methods in the contribution. The three methods have near the same performance. Thus, any one of the methods can be selected for the generation of the required SSS sequences.
Proposal 5: NR SSS Sequences should be generated with one of the three methods presented in the paper. 

[image: C:\Documents and Settings\zhaozheng\Local Settings\Temporary Internet Files\Content.Word\Fig1.emf]
Figure 3:  Comparision of PSS/SSS detection performance among methods 1~3 

Conclusion
In this paper, we discussed NS-PSS and NR-SSS design for the initial access. Based on the discussion and simulation results, we propose the followings,  
· Proposal 1: Numerology agnostic ZC sequence as introduced in Appendix II should be used as the PSS sequence
· Proposal 2: If M sequence in the working assumption of RAN1 #88bis were accepted as the PSS sequence, at least cyclic shift  55 should be considered as one of the cyclic shifts  for PSS sequences. The other two cyclic shifts should be selected by the consideration of PAPR values and the cyclic shift distance from the cyclic shift  55. The cyclic shifts 65 and 123 are two good candidates.
· Proposal 3: For NR SSS, preferred pairs of polynomials should be used for the generation of the SSS m-sequences. 
· Proposal 4: For NR SSS, if more than two polynomials are used for the generation of the SSS m-sequences, the primitive polynomials should be selected from the same connected set. 
· Proposal 5: NR SSS Sequences should be generated with one of the three methods presented in the paper. 
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Appendix I: Simulation Assumption
Table 2. Link-level Evaluation Assumptions
	Parameter
	Value

	
	For below 6GHz

	Carrier Frequency
	4GHz

	Default subcarrier spacing
	15kHz, 

	Channel Model
	TDL-C 
· with delay scaling values of 100ns 

	Antenna Configuration at the TRP and UE
	(1,1,2) with omni-directional antenna element

	UE speed
	3 km/h

	Number of interfering TRPs
	0 TRP: 

	Target received baseband SNR 
	-6dB
Note: Proponents provide results over a range of SNR including -6 dB.

	NR-PSS/SSS detection
	One-shot detection for reporting joint PSS/SSS misdetection rate, the residual timing error and frequency error.
For reporting joint PSS/SSS detection latency, accumulation among SS blocks in different SS burst sets is used.

	Segments of detection
	4

	Frequency Offset
	· For initial acquisition
TRP and UE: uniform distribution +/5 ppm

	BS Tx power for NR-SS 
	No power control

	Periodicity of PSS and SSS
	5ms

	cyclic shift of scrambling code in SSS
	 [55 65 123] 

	cyclic shift of cj in method 3
	 [0 43 86] 



Appendix II: Numerology agnostic PSS design

An even-length Zadoff-Chu sequence with the length as integral multiples of 8 has the property that the sub-sequence with length ¼ by sampling the even points of an even-length Zadoff-Chu sequence is also a Zadoff-Chu sequence.  The sub-sequence with length ¼ by sampling the odd points of even-length Zadoff-Chu sequence with the length as integral multiples of 8 is an asymptotic Zadoff-Chu sequence with auto-correlation property similar to that of Zadoff-Chu sequence.  The proof is shown in Appendix.  
We take the following even-length Zadoff-Chu sequence with 256 points as an example.

                                                                             (1)


Based on the characteristics of even-length Zadoff-Chu sequences, we can select the even points of the Zadoff-Chu sequences  m=0,1,…,127 for the construction of the first half of numerology agnostic PSS sequence, and select the odd points of the Zadoff-Chu sequence  m=0,1,…,127 for the construction of the second half numerology agnostic sequence as shown in Figure 4.


[bookmark: _Ref471661833]Figure 4: Construction of numeroloty agnositc PSS sequence
The transmitter will transmit numerology agnostic PSS sequence with 15 kHz subcarrier spacing.  Some UEs will generate numerology agnostic PSS sequence with 60 kHz subcarrier spacing in frequency domain.  The frequency domain signals will be transformed to time domain by FFT with size 64.  The time domain numerology agnostic PSS sequence would be used as the input of the correlator at the receiver for peak detection.   Other UEs will generate numerology agnostic PSS sequence with 15 kHz subcarrier spacing in frequency domain.  The frequency domain signals will be transformed to time domain by FFT with size 256.  The time domain numerology agnostic PSS sequence would be used as the input of the correlator at the receiver for peak detection.   
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