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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN1#89 meeting [1], all the details of the NR-PSS were agreed and a working assumption was made for the NR-SSS. The only remaining detail for the NR-SSS is to determine the mapping of NR-SSS sequence to resource elements (REs), which is discussed in this contribution after a few clarifying details for an unambiguous signal representation of the NR-PSS/SSS are provided. Moreover, in [2], we have systematically evaluated the performance of the NR-PSS and NR-SSS based on the agreement and working assumption, including detection performance for 15/30/120/240 kHz subcarrier spacing, initial cell search, non-initial cell search and with/without explicit interference. Comparison was also made to the LTE SS and we found no issues with the NR SS. In this contribution, we conclude the evaluation campaign by also investigating the cell ID false detection performance in the multi-cell scenario. 
Clarification on Details of Signal Representation for the NR-PSS/SSS
In the agreement and working assumption made in the RAN1#89 meeting, the generator polynomials and initial states of the m-sequences involved in NR-PSS and NR-SSS were given. This is, however, not clear enough, as the mapping of the generator polynomials and initial states to the linear feedback shift register (LFSR) is not unique and may still cause confusion. For clarification, we show in Figure 1 below the LFSR for generating the m-sequence with generator polynomial x7 + x4 + 1, which is involved in both the NR-PSS and NR-SSS design. More specifically, such an m-sequence is generated by 

with initial states

for NR-PSS and

for NR-SSS, respectively.
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Figure 1. Illustration of the LFSR for generating the m-sequence with generator polynomial x7 + x4 + 1.
Similarly, the other m-sequence involved in the NR-SSS design with generator polynomial x7 + x + 1 is generated by

with initial states
.
Furthermore, the NR-SSS working assumption does not completely describe how the SSS sequences are represented by the two m-sequences. Here we clarify that the NR-SSS sequence could be represented in any of the following two equivalent forms:
 		(1)
 		(2)
Mapping of NR-SSS sequence to Resource Elements
The NR-PSS is agreed to be mapped to 127 contiguous REs. The alternatives for NR-SSS sequence-to-RE mapping appear to be either use the same mapping as for the NR-PSS or to introduce some form of comb mapping (e.g., every 2nd RE). However, since the UE will utilize a filter for receiving the NR-PSS, it would add complexity if the bandwidth of the NR-SSS is wider than that of the NR-PSS. On the other hand, even though with a regular comb mapping, the corresponding SSS bandwidth is only 2*127=254 REs, which is smaller than the bandwidth of the NR-PBCH that occupies 288 REs. Hence DMRS for NR-PBCH is still needed anyway. Figure 1 also shows that there is a slight loss in NR-SSS detection performance of using a comb mapping.
Proposal 1: The NR-SSS is mapped to the same REs as the NR-PSS.  
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(a)												(b)
Figure 2. Performance comparison between the consecutive mapping and comb mapping of NR-SSS sequences to resource elements. Both the one-shot joint NR-PSS/SSS detection probability (a) and the joint NR-PSS/SSS detection latency at SNR = -6 dB (b) are considered. The simulation setting is the same as that used in Figure 2 of [2] except that the system bandwidth is assumed to be 24 RB = 288 REs to accommodate NR-SSS sequences with comb mapping. 
Cell ID False Detection Performance
Cell ID detection
In LTE, when the UE is in RRC_IDLE mode (i.e., after initial cell selection), it performs cell selection/reselection trying to identify a better cell to camp on. In RRC_CONNECTED mode, the UE shall be capable of performing RSRP, RSRQ, and RS-SINR measurements for multiple identified-intra-frequency cells, and shall be capable of reporting measurements to higher layers with the measurement period of 200 ms [3]. In particular for the latter case, where the UE is detecting multiple cell IDs, it is relevant to study the cell ID false detection performance.  In our subsequent simulations, the following one-shot performance metrics will be evaluated.
· Cell ID detection probability: The probability that one cell ID (in the initial acquisition case) or all cell IDs (in the non-initial acquisition case) transmitted by the TRPs are successfully detected, and the corresponding residual time offset is within half CP length;
· Cell ID false-detection probability: The probability that a detected cell ID is not a cell ID transmitted by any of the TRPs.
These two measures are controllable and can be traded-off by the threshold selection during the NR-PSS and/or NR-SSS detection. We will here evaluate the initial acquisition case, where the UE is only required to detect one cell ID, and the non-initial acquisition case, where the UE is required to detect three different cell IDs.
Numerical Results
The above two performance metrics are evaluated in Figures 3-5 for the initial acquisition case and non-initial acquisition case, respectively. The detailed simulation setting can be found in Appendix A. In these figures, the threshold for PSS detection is set to guarantee 1% PSS false alarm probability in all cases, and the threshold for SSS detection is either set to guarantee 1% SSS false alarm probability (i.e., in Figures 3 and 4) or takes values corresponding to different SSS false alarm probabilities (i.e., in Figure 5). The determination of both thresholds is based on only AWGN as inputs to the correlators. 
Initial acquisition case
Figure 3 shows that, in the initial acquisition case, the NR SS and LTE SS have almost the same performance in terms of both cell ID detection proability and cell ID false detection probability. They both provide sufficiently low cell ID false detection probabilities even under large frequency offsets. It should be noted that detection of cell IDs for cell selection/reselection for a UE which is in RRC_IDLE mode would typically be perfromed under much lower freqeuncy offsets (i.e., similar to those of non-initial acquisition) than for the initial cell selection shown in Figure 3.  
[image: ]  [image: ] 
(a)												(b)
Figure 3. Performance comparison between LTE SS and NR SS in the initial acquisition case. The thresholds are set to guarantee false alarm probabilities not higher than 1% in both NR-PSS detection and NR-SSS detection. Both the cell ID detection performance (a) and cell ID false detection performance (b) are considered. 
Non-initial acquisition case
Figure 4 shows that, in the non-initial acquisition case, the NR SS significantly outperfoms the LTE SS. This is because the LTE SSS has much worse cross-correlation property than the NR SSS, which is more critical when detecting multiple cell IDs. Consequently, the cell ID false detection probability of LTE SS is high, which in turn decreases the cell ID detection probability. Comparatively, as analyzed in [2], the NR SSS is designed in such a way that any two SSS sequences have nearly optimal cross-correlation performance according to the theory of Gold sequences. Their cross-correlation is still kept low even when there is non-zero frequency offset. Hence the NR SS has a much lower cell ID false detection probability than LTE SS. 
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(a)												(b)
Figure 4. Performance comparison between LTE SS and NR SS in the non-initial acquisition case. The thresholds are set to guarantee false alarm probabilities not higher than 1% in both NR-PSS detection and NR-SSS detection. Both the cell ID detection performance (a) and cell ID false detection performance (b) are considered.
Trade-off between Cell ID detection probability and Cell ID false detection probability
In Figure 5, we plot the relationship between the cell ID detection probability and cell ID false detection probability in the non-initial acquisition case when the SSS detection threshold is set according to different values of target SSS false alarm probabilities. For simplicity, only the scenario of three TRPs transmitting different PSS is considered and the SNR is fixed at -6 dB. From Figure 5 we can see that, given any target SSS false alarm probability, the NR SS always performs much better than LTE SS, achieving a higher cell ID detection probability with a much lower cell ID false detection probability. It is also seen from Figure 5 that, for both LTE SS and NR SS, a lower target SSS false alarm probability can preferably decrease the cell ID false detection probability of the system, but also decrease the system cell ID detection probability, which is not preferable. Hence in practice, a trade-off can be achieved between the cell ID detection probability and cell ID false detection probability via tuning the SSS detection threshold.   
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Figure 5. Performance comparison between LTE SS and NR SS in the non-initial acquisition case with SNR = -6dB, UE speed of 3 km/h and different PSSs transmitted by the 3 TRPs. Different target false alarm probabilities (FAP) in the SSS detection are considered.
Based on the above results, the NR SS performs well also with regards to cell ID false detection.
Observation 1: There is no cell ID false detection issue for the NR SSS according to the working assumption.
Hence, the working assumption can be confirmed and we suggest to also add the clarifying details on the signal representation to an agreement.
Proposal 2: Confirm the working assumption and adopt the NR SSS defined in RAN1#89:
· NR-SSS sequence design is 1 polynomial with 127 cyclic shifts, and 1 another polynomial with 9 cyclic shifts
· Two generator polynomials will be defined for m-sequences, and cyclic shift according to NR-cell ID is applied to each m-sequence
· Two polynomials are generated by g0(x) = x7 + x4 + 1 and g1(x) = x7 + x + 1
· Initial state is [0000001]
· The cyclic shift values  and  are jointly determined by the cell IDs carried by NR PSS (i.e., ) and NR SSS (i.e., )), where the cell ID is given by 
· 
· 
  with the following details on the signal generation:
· The NR-SSS sequence is obtained by

where

,

.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusions
In this contribution, we have evaluated the SSS sequence-to-RE mapping and also provided cell ID false detection performance of the NR SSS. The following observation and proposals are made.
Observation 1: There is no cell ID false detection issue for the NR SSS according to the working assumption.
Proposal 1: The NR-SSS is mapped to the same REs as the NR-PSS.  
Proposal 2: Confirm the working assumption and adopt the NR SSS defined in RAN1#89:
· NR-SSS sequence design is 1 polynomial with 127 cyclic shifts, and 1 another polynomial with 9 cyclic shifts
· Two generator polynomials will be defined for m-sequences, and cyclic shift according to NR-cell ID is applied to each m-sequence
· Two polynomials are generated by g0(x) = x7 + x4 + 1 and g1(x) = x7 + x + 1
· Initial state is [0000001]
· The cyclic shift values  and  are jointly determined by the cell IDs carried by NR PSS (i.e., ) and NR SSS (i.e., )), where the cell ID is given by 
· 
· 
with the following details on the signal generation:
· The NR-SSS sequence is obtained by

where

,

.
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Appendix A. Simulation Setting
We consider a 3-TRP system with 4 GHz carrier frequency and 15 kHz subcarrier spacing (SCS). At each TRP, TDM of the PSS and SSS on consecutive OFDM symbols and an SS burst period of 20 ms as agreed are assumed. The SS bandwidth is 12 PRBs = 144 subcarriers, in which the NR PSS/SSS are both located at the central 127 subcarriers, leaving 8 and 9 subcarriers at the lower and upper ends of the SS bandwidth unused to act as guard bands. Besides, we will also consider the LTE PSS/SSS as a reference, where the LTE PSS/SSS are located at the central 63 subcarriers, leaving 40 and 41 subcarriers at two ends of the SS bandwidth as guard bands. The FFT size is set at 256 for both NR SS and LTE SS. The frame structure is similar to that for LTE, i.e., within one SS burst period (20 ms), there are 40 slots with duration 0.5ms, each containing 7 OFDM symbols. With 256 point FFT, the cyclic prefix (CP) length is 20 samples for the first OFDM symbol and 18 samples for the remaining 6 OFDM symbols in each slot. For OFDM symbols not occupied by PSS/SSS in each SS burst period, the corresponding frequency domain sequences are generated by allocating random QPSK symbols on each subcarrier. The other simulation settings are detailed in Table A-1.
Table A-1. Link level evaluation assumption
	Carrier frequency
	4 GHz

	Channel model
	CDL-C channel model
· With delay scaling values of 100 ns;
· (ASD, ASA, ZSD,ZSA) = (5, 30, 1, 5) degrees
· The CDL table is translated so that the strongest cluster’s AoD and AoA occur at a random angle for both the antenna panels of TRP and UE in the local coordinate. The value of the random angle is selected to be uniformly distributed from +30 to -30 degree. The random value is chosen independently for both AoD and AoA.

	Subcarrier spacing
	15 kHz

	SNR
	-6dB

	UE speed
	3 km/h, 120km/h

	FFT size
	256 

	Search window
	20ms (one SS burst period)

	PSS/SSS multiplexing 
	TDM

	TRP/UE antenna configuration
	(1,1,2) with omni-directional antenna element

	Frequency offset
	Initial acquisition
· TRP: uniform distribution +/- 0.05ppm
· UE: uniform distribution +/- 5ppm
Non-initial acquisition
· TRP: uniform distribution +/- 0.05ppm
· UE: uniform distribution +/- 0.1ppm

	Number of TRPs
	3 TRPs (the received signal power ratio is 1:1:1, and the time delays of the other two TRPs relative to the first TRP are uniformly distributed within  us, or equivalently [-12, 12] samples. 


To evaluate the cell ID false detection performance of NR SS, we consider the worst case of the system setting, i.e., at the UE side, the received power ratio from the three TRPs is set at 1:1:1, and the signal arrival time differences of the other two TRPs relative to the first TRP are uniformly distributed within [-3, 3] us (i.e., [-12, 12] samples for 15 kHz SCS). Each TRP transmits a pair of PSS and SSS sequences carrying a unique cell ID. Their transmitted PSS sequences can be either the same or different (marked as “Diff. PSS” and “Same PSS” in the figures, respectively). The UE is required to detect the cell ID(s) of one or all the three TRPs using the following detection method.
· PSS detection: The PSS is first detected in the time domain via sliding window with a first threshold. A matched filter of length N = 256 is adopted, and the first threshold is selected such that the false alarm probability (FAP) of PSS detection is no higher than 0.01. The FAP is defined assuming AWGN at the matched filter input only. Multiple frequency offset hypothesis testing and/or partial correlation are applied when the initial frequency offset is large. A hypothesis of time delay, frequency offset and PSS sequence index is claimed to be detected if the corresponding correlation output power is larger than the first threshold. After PSS detection, at most 9 detected hypotheses are stored, and frequency offset estimation is performed under each detected hypothesis based on the detected PSS sequence using the method in [4];
· SSS detection: Given each hypothesis that passes the PSS detection, we further perform the SSS detection in the frequency domain via non-coherent correlation between all candidate SSS sequences associated with the detected PSS sequence and the received signal segment corresponding to SSS derived from the time delay hypothesis. A second threshold will be further adopted in the SSS detection to reject the unreliable SSS detection output, which is selected such that the FAP of SSS detection is no higher than a certain value (e.g., 0.01). Here again, the FAP is defined assuming AWGN at the SSS correlator input only. For each hypothesis that passes the PSS detection, at most 3 candidate SSS sequences that lead to a normalized correlation power higher than the second threshold is claimed to pass the SSS detection. That is to say, at most  pairs of PSS and SSS sequences will be stored after SSS detection. 
· Cell ID detection: Among the up to 27 pairs of PSS and SSS sequences that are detected in the previous two steps, at most 1 (for the initial acquisition case) or 3 (for the non-initial acquisition case) unique PSS-SSS pairs that have the highest normalized SSS correlation output values are selected. The corresponding cell ID(s) are claimed as the detected cell ID(s).  
We consider both the initial acquisition case and non-initial acquisition case. For the initial acquisition case where the frequency offset before detection is large, e.g., up to  ppm at TRP and  ppm at UE, the corresponding maximum frequency offset including the UE mobility effect is about 20 kHz, or equivalently 1.35 SCS. Since this value is relatively large, some operation should be considered to combat large frequency offsets. After comparison among different combinations of the numbers of frequency offset hypotheses and partial correlations, we choose to adopt 2-segment partial correlation and 3 frequency offset hypotheses (i.e., 0 and +/1.0 of the SCS) for PSS detection. For the non-initial acquisition case where the frequency offset before detection is small, e.g., up to  ppm at TRP and  ppm at UE, the maximum frequency offset is only about 1 kHz even including UE mobility effect, much less than the values of SCS. Hence there is no need to consider multiple frequency offset hypotheses or partial correlation for PSS detection. In addition, at low SNR, it is unnecessary to perform frequency offset estimation after PSS detection either, as due to the noise effect, the residual frequency offset after estimation may be even larger than the original one.
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