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1 Introduction
In RAN1#85, it was agreed to study both multi-beam based approaches and single-beam based approaches for different channels/signals/measurement/feedback including initial-access signals, i.e., synchronization signals and random access channels [1].

In this contribution, we present the initial performance evaluation results of different beamforming options used for NR synchronization signal (NR SS) transmission and reception.
2 NR SS Structure and Tx/Rx Beamforming Options
For evaluation, we assume the structure of SS proposed in the companion contribution [2]. As illustrated in Figure 1, an SS bursts series comprise one or multiple SS bursts. Each SS burst comprise one or multiple SSs. In case of OFDM modulation, which is used in the evaluation, the periodicity of SS burst is Ns OFDM symbols (Ns=48 for our simulation) and the duration of SS burst is Nb OFDM symbols (Nb=16 for our simulation).
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Figure 1. NR SS structure used for evaluations
It is also noted that only NR PSS detection performances (i.e. without NR SSS detection) are evaluated in this contribution.

The proposed NR SS structure can be used to support the following Tx/Rx beamforming options, which were exploited for evaluation in this paper:
Option 1:
Multi-beam Tx/Single-beam Rx (Directional Tx/Omni-directional Rx)
Option 2:
Single-beam Tx/Single-beam Rx (Omni-directional Tx/Omni-directional Rx)
Option 3:
Single-beam Tx/Multi-beam Rx (Omni-directional Tx/Directional Rx (within the NR SS burst))
In Option 1, multi-beam NR SS transmission is considered, where each OFDM symbol in the NR SS burst is transmitted through its own TRP beam to enable the steering of up to Nb Tx beams. To facilitate the non-coherent accumulation at the Rx side, the same TRP beam switching order within a NR SS burst is used across different NR SS bursts.
In Option 2, single beam NR SS transmission is considered, where Nb consecutive OFDM symbols within the NR SS burst are transmitted using same TRP beamforming. The single beam assumption at the UE is used to perform coherent combining of the OFDM symbols within the same NR SS burst at the Rx side.
In Option 3, the single beam NR SS transmission is considered. However, instead of the coherent combining, the UE processes the NR SS using multiple Rx beams. The Rx beam switching time is chosen equal to the OFDM symbol duration and the number of Rx beams equals to Nb – 1 to achieve the full Rx beam sweeping within NR SS burst. Due to possible misalignment between the timing of Rx beam switching and the OFDM symbol timing as shown in Figure 2, the NR-SS processing is modified as explained below.
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Figure 2. Rx beam steering
In order to enable NR SS detection in each Rx beam sweeping, the receiver applies the cyclic cross-correlation of the received signal and the reference synchronization sequence. The non-coherent accumulation of the signals corresponding to consecutive SS bursts is enabled by choosing the SS burst periodicity Ns to be a multiple of the number of the steered Rx beams. Also, the beam switching order in each Rx beam steering period is the same which is similar to Option 1.
3 Evaluation Scenario and Results
In this section we provide evaluation results for timing detection using the NR SS. The single TRP scenario is considered in the evaluation. According to this scenario, the UE is uniformly dropped around TRP as shown in Figure 3. For the link between the TRP and UE, the 5GCM UMi channel model from [3] is used.
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Figure 3. Single TRP scenario

For NR PSS the same length-63 (with DC puncturing) Zadoff-Chu sequence with root u = 25 located in the middle of the transmission bandwidth is used to modulate each OFDM symbol of synchronization burst.
For all considered Tx/Rx beamforming options, the periodicity of NR PSS burst Ns = 48 OFDM symbols. For Option1 and Option2, the duration of the synchronization burst Nb = 16 OFDM symbols. The DFT-based beamforming without oversampling was used in Option 1 and Option 3. The number of Tx/Rx beams in Option 1 and Option 3 equals 16. Therefore, the duration of the SS burst Nb = 17 OFDM symbols is used for Option 3 (again see Figure 2 the number of Rx beams is N-1 across N symbols where N=17). Other evaluation assumptions are listed in the Appendix.
Evaluation results of NR PSS performance with single and multi-beam option are presented in Figure 4 in terms of the timing Detection Failure Rate vs. SNR curves. We assume that the timing detection is failed if the difference between the detected and the reference timing measured in samples exceeds a half of CP length. The two sets of curves can be seen in Figure 4 corresponding to a single synchronization signal burst (SS burst), i.e., Nburst = 1, and the non-coherent accumulation of multiple consecutive SS bursts, i.e., Nburst = 8.
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Figure 4. Timing detection failure rate
It can be seen that single beam and multi-beam operations under no frequency offset can provide comparable performance. Some performance degradation of Option 3 with multiple Rx beams comparing to Option 1 with multiple Tx beams is observed. This is explained by unequal angular spread of AoDs and AoAs in the UMi channel model used in evaluation. For AoAs, the angular spread is larger, therefore Rx beamforming is less effective, especially in the low SNR region. To demonstrate that, the CDF curves of RSRP values corresponding to the best Tx (Rx) beam (selected by each UE among 16 available DFT beams) are shown in Figure 5. To calculate the RSRP, we used the formula from [4] without PL and SF terms.
Also, Figure 4 shows that when the SNR increases, Option 1 (Multi-beam Tx/Single-beam Rx with non-coherent combining) and Option 3 (Single-beam Tx/Multi-beam Rx with non-coherent combining) provide better timing detection performance than Option 2 (Single-beam Tx/Single-beam Rx with coherent combining). This can be explained by the strongest multi-path components with the delay larger than one half of CP which can present in the channel corresponding to NLOS links. In Option 1 or Option 3, these components can be attenuated by the Tx (Rx) beam and not observed by the UE. However, in the low SNR region, Option 2 performs better than Option 1/3because if the strongest multi-path component has the delay within the half of CP it can be observed by the UE with Omni directional beam in the background noise. In Option 1 and Option 2, this component is not detected due to the attenuation resulting from Tx/Rx beam.
Based on the results in Figure 4, the following observation can be made:

Observation 1. Both single beam and multi-beam can provide comparable performance. When the SNR increases, the directional multi-beam transmission of NR SS slightly outperforms omni-directional single beam transmission with single/multi-beam reception of the NR SS.
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Figure 5. Comparison of Tx and Rx beamforming efficiency in UMi channel model
The statistics of the time required for NR PSS detection is shown in Figure 6. The results present the required number of SS bursts for successful timing acquisition. Here, it’s assumed that the timing is acquired if a certain threshold (based on the target false alarm probability) is exceeded. The following three values of SNR = {‑18, ‑12, ‑6} dB are considered. From Figure 6 it can be seen, that the shortest time is provided by Option 2 (Single-beam Tx/Single-beam Rx). However, with the increase of SNR the difference of the required time (i.e. required number of SS bursts) for all options decreases.
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(a) SNR = -18 dB
(b) SNR = -12 dB
(c) SNR = -6 dB
Figure 6. CDF of the time required for NR PSS detection

The statistics of the residual timing error after the NR PSS detection is given in Figure 7. From the figure, it can be observed in most of the cases (> 95%) the residual error does not go beyond the CP length (which equals 256 samples in our evaluation).
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(a) SNR = -18 dB
(b) SNR = -12 dB
(c) SNR = -6 dB
Figure 7. CDF of the residual timing error after the NR PSS detection

Finally, the PSS detection rate values are provided in Table 1.
Table 1. NR PSS detection rate

	SNR
	NR PSS detection error rate

	
	Option 1
	Option 2
	Option 3

	-18 dB
	0.319
	0.1531
	0.4121

	-12 dB
	0.00742
	0.0213
	0.01352

	-6 dB
	0
	0
	0


4 Conclusions
In this contribution we provided initial performance evaluation results of timing detection for single-beam and multi-beam approaches to NR PSS. The results show that both single-beam and multi-beam can provide comparable performance. When the SNR increases, Option 1 (multi-beam transmission/single-beam reception) and Option 3 (single-beam transmission/multi-beam reception) of NR PSS slightly outperforms Option 2 (single-beam transmission/single-beam reception). When the SNR decreases, Option 2 (single-beam transmission/single-beam reception) outperforms Option 1 (multi-beam transmission/single-beam reception) and Option 3 (single-beam transmission/multi-beam reception).
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Appendix: Evaluation assumptions
	Parameter
	Assumption

	Channel model
	5GCM UMi from 3GPP TR 38.900 V2

	Carrier frequency
	28 GHz

	Bandwidth
	100 MHz

	FFT size
	2048

	System sampling rate
	153.6 MHz

	Subcarrier spacing
	75 kHz

	Cyclic prefix
	512 samples

	PSS
	Zadoff-Chu (root = 25, length = 63) + DC removal

	Reduced sampling rate (used during timing detection)
	19.2 MHz

	Frequency offset
	Not modelled

	Search window
	48 OFDM symbols

	Target false alarm probability
	0.001

	eNB antenna
	Directional Tx: ULA (Ntx = 16)

Omni-directional Tx: single antenna element

	UE antenna
	Directional Rx: ULA (Nrx = 16)

Omni-directional Rx: single antenna element
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