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Introduction
RAN1 NR adhoc meeting made the following agreements on the synchronization signal sequence design:
Agreement on the sequence length
· NR defines at least one basic sequence length for each synchronization signal in case of sequence-based synchronization signal design
· Down-select from following candidates based on at least subcarrier spacing and bandwidth consideration for synchronization signals
· Alt.1: sequence length is about 255
· Alt.2: sequence length is about 127
· Alt.3: sequence length is about 63
· Note even number is not precluded
· Note that this is total length of basic sequence that may be constructed by concatenation of multiple sequences like LTE-SSS
· Striving for the design where NR-SS for different usage scenario (e.g., different frequency range) can be generated by using basic sequence length (e.g., applying different subcarrier spacing value)
· FFS: repetition/concatenation of same or different sequence with the same basic sequence length in frequency domain, repetition/concatenation of same or different sequence with the same basic sequence length in different OFDM symbols, single basic sequence mapped to multiple OFDM symbols, mapping the basic sequence to every N subcarriers, defining additional longer sequence than basic sequence
· FFS on message-based synchronization signal design

Agreement on the SS bandwidth
· For frequency range category #1 (below 6 GHz) where [15 kHz, 30 kHz, 60 kHz] are candidate subcarrier spacing values:
· Candidate minimum NR carrier bandwidth are [5 MHz, 10 MHz, 20 MHz]
· Candidate transmission bandwidth of each synchronization signal are about [1.08 MHz, 2.16 MHz, 4.32 MHz, 8.64 MHz]
· For frequency range category #2 (above 6 GHz) where [120 kHz, 240 kHz] are candidate subcarrier spacing values:
· Candidate minimum NR carrier bandwidth are [20 MHz, 40 MHz, 80 MHz]
· Candidate transmission bandwidth of each synchronization signal are about [8.64 MHz, 17.28 MHz, 34.56 MHz, 69.12 MHz]
· The above frequency range categories may be further divided into different categories with different parameters
· FFS on bandwidth of additional synchronization signal(s) if defined
· NR minimum carrier bandwidth for carrier which does not support initial access is FFS
· FFS: UE bandwidth



In this contribution, we continue to discuss the sequence design proposal for NR-PSS and NR-SSS, including some evaluation results to compare the possible alternatives.
Sequence selection
[bookmark: _Ref465847748]In our contribution[1], it was observed that a longer ZC sequence cannot eliminate the ambiguity problem in case of large frequency offsets, even with good selection of the root value. Since there could be a big possibility to support the larger initial frequency offset in NR, especially with the high carrier frequency, it is necessary to consider a new sequence design with good robustness. The straightforward design is to modify the ZC sequence with acceptable detection complexity and good performance. According to the evaluation results and analysis in [1], for the NR-PSS sequence selection, we have the following proposal: 
A sequence constructed by two interleaved ZC sequences is proposed as the NR-PSS sequence for robustness with large frequency offset
The two ZC sequences can have different or the same root indices. Here we prefer to select unique root index, but with conjugation between them, which means that one of interleaved two ZC sequences is generated by the conjugation of the other sequence. The constructed NR-PSS sequence with a total length of  is generated as 
,
where the unique root index needs to be defined. In this case, the odd subcarriers in the tones for NR-PSS carry one ZC sequence, and the even subcarriers carry the other, i.e., the conjugated ZC sequence as illustrated in Figure 1. With this structure, the interleaving order of the two sequences can also implicitly deliver some basic information, such as two cell IDs. 
[image: ]
[bookmark: _Ref471586560]Figure 1 NR-PSS sequence design with interleaved two ZC sequences
In the agreement, the sequence length and SS bandwidth have some candidates for the further down-selection, which can have some mapping relationship as summarized in Table 1 with the assumption of one OFDM symbols reserved for either NR-PSS or NR-SSS. The number in the table is just re-using those in the agreement, and the exact values are around them.  
[bookmark: _Ref473896851]Table 1 Candidates of the sequence lengths and bandwidth mapping 
	SS BW
	15kHz
	30kHz
	60kHz
	120kHz
	240kHz

	1.08MHz
	63
	-
	-
	-
	-

	2.16MHz
	127
	63
	-
	-
	-

	4.32MHz
	255
	127
	63
	-
	-

	8.64MHz
	-
	255
	127
	63
	-

	17.28MHz
	-
	-
	-
	127
	63

	34.56MHz
	-
	-
	-
	255
	127

	69.12MHz
	-
	-
	-
	-
	255


In this contribution, the parameters of the interleaved sequence are correspondingly updated and evaluation results will be updated too in the following. For example, for the sequence length about 127, we construct the sequence with two 63-length ZC sequences, which have the same length and root index as LTE PSS.
The miss detection rate performance is evaluated as shown in Figure 2 with different total sequence lengths of 62, 126 and 254. Figure 2 (a) and (b) are the results of the 15kHz and 30kHz subcarrier spacing values, respectively, and the miss detection is defined as the detected sequence not being the transmitted sequence or the residual frequency error being larger than a threshold or the time position being larger than a threshold
 
[image: ] [image: ]
			(a) 15kHz subcarrier spacing				(b) 30kHz subcarrier spacing
[bookmark: _Ref473917325]Figure 2 NR-PSS with interleaved two ZC sequence miss detection performance with different sequence lengths (bandwidths)
In the simulation, the frequency offset between the transmitter and the receiver is assumed to be zero, and the frequency offset hypotheses range of [-30kHz, 30kHz] (i.e., 5ppm with 6GHz carrier frequency) is used to identify the impact of the time and frequency ambiguity problem. The results show that the longer sequence with larger bandwidth would have better detection performance, and the double length almost has about 4dB gain. It is also noted that the results of 30kHz subcarrier spacing is better than those of 15kHz with the same sequence length. From Figure 2, the miss detection rate of the proposed NR-PSS sequence with length of 126 is about 10% with the target SNR of -6dB over the given channel model.
The miss detection performance with different carrier frequency offsets (CFOs) is also evaluated as shown in Figure 3, where (a) and (b) are assuming 15kHz and 30kHz subcarrier spacing, respectively.
[image: ][image: ]
			(a) 15kHz subcarrier spacing				(b) 30kHz subcarrier spacing
[bookmark: _Ref473921420]Figure 3 Proposed NR-PSS sequence miss detection performance with length of 126 with different carrier frequency offset (CFO)
The simulation results show the robustness of 30kHz subcarrier over the maximum frequency offset around 30kHz. According to the results, we have the following proposal:
[bookmark: _GoBack]The sequence length of NR-PSS should be selected according to the requirements on the miss detection rate with a target SNR.
NR-SSS is expected to deliver the relevant ID information with sequence detection in addition to further synchronization refinement. Thus, the sequence still needs to support a large number of candidates with acceptable detection complexity. The m-sequence with BPSK modulation in LTE can be extended or repeated to support a wider bandwidth.
Note that the system information transmitted together with NR-PSS/SSS, e.g., NR-PBCH[2], is supposed to be demodulated and decoded within the transmission instance. One option is to introduce additional demodulation reference signals for NR-PBCH for the channel estimation, which, however, needs further work on the reference signal pattern design and also more overhead within the limited physical resource. The other option is to re-use the NR-PSS and NR-SSS in this instance to do channel estimation after synchronization. In this case, it is necessary to assume the same transmission ports used by NR-PBCH and NR-SSS. With the typical dual-port assumption for NR-PBCH[3], NR-SSS needs to support the dual-port transmission too. Thus, the comb-structure with different subcarriers to indicate the corresponding port index can be considered as an option as shown in Figure 5. 
[image: ]
[bookmark: _Ref471659258]Figure 5 NR-SSS with comb structure to support dual ports
NR-SSS with a comb structure needs to be considered
Conclusion
Based on the discussion above we have the following proposals:
Proposal 1	A sequence constructed by two interleaved ZC sequences is proposed as the NR-PSS sequence for robustness with large frequency offset
Proposal 2	The sequence length of NR-PSS should be selected according to the requirements on the miss detection rate with a target SNR.
Proposal 3	NR-SSS with a comb structure needs to be considered.
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