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1 Introduction
In RAN1#86, it was agreed that for initial access, including for example structure of synchronization signals, RAN1 should strive for a unified framework covering single beam based and multi-beam based deployments [1].
In this contribution, we present the preliminary 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 [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
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 detection performance of NR primary SS (NR PSS) used to obtain the OFDM symbol timing and NR secondary SS (NR SSS) to get the NR physical layer identity.
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 NR SSS, the structure of the signal is reused from the LTE SSS design, i.e., an interleaved concatenation of two length-31 binary sequences. In the frequency domain, the NR SSS is located in the same OFDM symbol as NR PSS in the next 6 RBs (assuming 12 subcarrier in one RB).
For all considered Tx/Rx beamforming options, the periodicity of NR SS 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 SS performance with single and multi-beam option are presented in Figure 4 in terms of the timing Detection Failure Rate vs. SNR curves for NR PSS (a) and NR SSS (b). 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. It can be seen that the multi-burst transmission of NR SS significantly improves the performance of PSS detection due to non-coherent accumulation. The detection of NR SSS is based on the detected timing from NR PSS detection. NR SSS detection is based on the OFDM symbols within a burst without accumulation across multiple bursts. 
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(a) NR PSS
(b) NR PSS+SSS
Figure 4. NR SS detection performance
It can be seen that single beam and multi-beam operations under no frequency offset can provide comparable timing detection performance using NR PSS for 1% target. 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 CDL-C 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.
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Figure 5. Comparison of Tx and Rx beamforming efficiency in UMi channel model

For NR PSS+NR SSS detection, Option 2 provides the best performance. This can be explained by the strongest multi-path components which can present in the NLOS channel corresponding to CDL-C model. In Option 1 or Option 3, the Tx (Rx) beam can attenuate these components which leads to lower signal level at the UE receiver than in Option 2 where Omni directional beams do not attenuate the strongest multi-path components.
Based on the results in Figure 4, the following observation can be made:

Observation 1. Both single beam and multi-beam can provide comparable timing detection performance under given evaluation assumption/scenario. Single beam approach provides better performance for the NR PSS+NR SSS detection under given evaluation assumption/scenario.
For further comparison of Option 1 (Multi-beam Tx/Single beam Rx) and Option 2 (Single beam Tx/Single beam Rx), a number of system-level simulations were run in the Urban Macro scenario [5]. It should be noted that in this evaluation, the periodicity of SS burst was Ns=128 OFDM symbols and the duration of SS burst was equal to Nb=32 OFDM symbols. Other simulation parameters are also given in the Appendix. The statistics of the required NR SS bursts in NR PSS detection (a) and the residual timing error (b) are given in Figure 8.
[image: image6.emf]0 10 20 30 40 50 60 70 80 90 100

Required NR SS bursts

0

10

20

30

40

50

60

70

80

90

100

C

D

F

,

 

%

Urban Macro (ISD=500m); f

c

 = 30.0GHz; bw = 80.0MHz

Opt 1 (Multi-beam Tx/Single beam Rx)

Opt 2 (Single beam Tx/Single beam Rx)

 [image: image7.emf]0 20 40 60 80 100 120

Residual timing error, samples

0

10

20

30

40

50

60

70

80

90

100

C

D

F

,

 

%

Urban Macro (IDS=500m); f

C

=30.0GHz; bw=80MH

Opt 1 (Multi-beam Tx/Single beam Rx)

Opt 2 (Single beam Tx/Single beam Rx)



(a)
(b)

Figure 8. NR PSS performance evaluation in the Urban Macro scenarios. One SS burst period is 128 OFDM symbols
The required NR SS bursts period for 95%–tile UEs to detect PSS are provided in Table 1.
Table 1.

	
	Option 1
	Option 2

	Urban Macro
	42
	32


From the given results, the following observation can be drawn:

Observation 2. Single beam operation slightly outperforms multi-beam operation for NR PSS detection in system level evaluation under given evaluation scenario.
4 Conclusions
In this contribution we provided initial performance evaluation results of NR SS detection for single beam and multi-beam approaches to NR SS. The results show that both single beam and multi-beam can provide comparable PSS detection performance under given evaluation assumption/scenario. Single beam approach provides better performance for the NR PSS+NR SSS detection under given evaluation assumption/scenario. It is deemed necessary to study further multiple burst accumulations for NR SSS detection. In Urban Macro scenario, single beam operation slightly outperforms multi-beam operation.
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Appendix: Evaluation assumptions
	Parameter
	Assumption

	
	LLS
	SLS

	Channel model
	5GCM CDL-C, delay spread = 30ns
	5GCM UMa

	Deployment scenario
	N/A
	Hexagonal, 1 tier of 3-sector sites, uniform UE dropping

	Carrier frequency
	30 GHz

	Bandwidth
	80 MHz

	FFT size
	1024

	System sampling rate
	122.88 MHz

	Subcarrier spacing
	120 kHz

	Cyclic prefix
	256 samples

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

	SSS
	Based on two binary lengh-31 sequences from LTE SSS design

	Frequency offset
	Not modelled

	Search window
	48 OFDM symbols
	128 OFDM symbols

	Target false alarm probability
	0.001

	eNB antenna
	Multi-beam
	(1,16,1), ULA (Ntx = 16), Omni-directional antenna element
	(4,8,1), directional antenna element (HPBW=650, directivity 8dB)

	
	Single beam
	(1,1,1), Omni-directional antenna element
	(1,1,1), directional antenna element (HPBW=650, directivity 8dB)

	UE antenna
	Multi-beam
	(1,16,2), ULA (Ntx = 16), Omni-directional antenna element, X-Pol 
	N/A

	
	Single beam
	(1,1,2), Omni-directional antenna element, X-Pol
	(1,1,2), Omni-directional antenna element, X-Pol
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