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1. Introduction
It was agreed in RAN1#86b that the link level simulation assumptions for initial access should be revised to include longer delay spread and randomized orientation of the TRP and UE [1]. In this contribution, we present our updated link level simulation results for above-6 GHz with beam sweeping. It is observed that the performance degrades modestly due to beam misalignment in terms of acquisition time when TRP and UE have random orientations. Longer delay spread, on the other hand, has little effect on performance due to the robustness to frequency selectivity of the Low Density Power Boosted synchronization signal.
2. Recap of Synchronization Signals and Receiver Designs
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Figure 1: Downlink synchronization signal structure

It was agreed in RAN1#86 that the downlink synchronization signal structure is defined by the transmissions of Synchronization Signal Burst, which may further comprise one or more Synchronization Signal Block (SS Block), as shown in Figure 1. This structure is in line with the structure we used in our simulation. Figure 2 shows the sketch of the design of our SS block. The block comprises a first synchronization signal xSS1, a second synchronization signal xSS2 and a broadcast channel payload for carrying essential system information. In short, the xSS1 occupies one symbol and acts like the PSS in LTE whereas the xSS2 occupies a resource area of 2 RBs by two sub-frames and acts like the SSS in LTE as a cell identity. Moreover, xSS2 is also used for high accuracy frequency synchronization. Both synchronization signals are constructed by placing Low Density Power Boosted (LDPB) pilot symbols in a few selective number of resource elements. Through the appropriate placement of these pilot REs, the signals are given their uniqueness and correlation properties [2].
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Figure 2: Synchronization Signal Block (SS Block)
Figure 3 shows the high level flow chart of the receiver processing for the detection of and synchronization to the SS block. Upon the reception of enough data samples, the receiver attempts to detect the xSS1 by performing energy detection of the pilot REs after converting the received samples to the frequency domain. This procedure can be executed on the fly to avoid excessive data buffering since it doesn’t involve complicated correlation in both time and frequency domains.
If the output of the energy detection exceeds a certain threshold, the presence of an xSS1 is likely and its coarse time-frequency synchronization is established. A coherent detection, or equivalently a correlation operation, is then carried out around the vicinity of the coarse timing reference to estimate the fine timing offset.
With the fine timing reference, the OFDM symbol boundary is determined and the detection of xSS2 will then follow. There are at least 506 xSS2 patterns for cell/TRP/beam identification. Each one needs to be hypothesis-tested by the detector. Because these patterns are formed by placement of power boosted pilot REs, they can be energy-detected just like xSS1. Those candidates that pass the energy detection will then be coherently detected again using a two-dimensional correlator over a small time and frequency range that covers the residual uncertainty left from the xSS1 detection. Finally, the remaining candidates with correlation output exceeding a threshold are declared as discovered cells and the demodulation and decoding of the PBCH they carry will proceed.
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Figure 3: Receiver flow chart
3. Beam Sweeping for Above 6 GHz
For above 6 GHz, we simulated carrier frequency at 30 GHz with sub-carrier spacing of 60 kHz. The configuration of the SS block is shown in Table 1. There are 8 SS blocks transmitted per 40 ms interval, each corresponds to one of 8 transmit beams formed by the (4,8,2) antenna array, as shown in Figure 4.
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Figure 4: DL sync signal structure for above 6 GHz with beam sweeping

Table 1: Configuration of SS block for above 6 GHz simulation

	Sub-carrier spacing
	SS burst duration
	SS block bandwidth
	# of SS blocks in 1 burst
	SS burst periodicity

	60 kHz
	4 ms 
	17.28 MHz
	8
	40 ms


Figure 5(a) shows the array configuration and port mapping at the TRP. Antennas for both polarizations in the same column are connected to one phase shifter. The 8 phase shifters are connected to the same TXRU through which the SS blocks are transmitted. An 8×8 DFT matrix is used to generate a total of 8 beams in azimuth, which are swept one at a time over the burst of 8 SS blocks. 

At the UE, there are two TXRUs, one for each polarization. Their mapping to the antenna elements is shown in Figure 5(b). A 4×4 DFT matrix is used to generate a total of 4 UE beams in azimuth for the reception of the SS block. The UE tunes to one of the 4 beams for both polarizations during a 40 ms SS burst interval and then switches to another beam in the next 40 ms. The two branches are diversity-combined during the detection process. Therefore, it takes a total of 40×4=160 ms to complete a full TRP/UE sweep.
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Figure 5: Array configuration and port mapping for the (a) TRP and (b) UE
4. Simulation Results
In previous simulation, the array boresights of the TRP and UE are facing each other. In the updated simulation, both TRP and UE are randomly oriented by ±30( with respect to its local coordinate, as specified in the agreements. As a result, the performance degrades due to the misalignment of the array boresights with respect to the line of sight. Figure 6 compares the acquisition time for the cases with and without randomized orientation. It can be observed that the probability of completing the acquisition in one TRP sweep (at 40 ms) degrades from 99% with fixed orientation to 95% with randomized orientation at SNR = -21 dB. However, to achieve the same targeted acquisition time, the difference in required SNR for the two cases should be more prominent.
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Figure 6: Acquisition time for fixed angle versus randomized angle
Observation 1: The acquisition time increases modestly with randomized TRP/UE orientation.

Figure 7 shows the probability of misdetection in one full TRP/UE sweep (160 ms) for different delay spreads. Since the delay spread for Urban Macro environment is defined in TR 38.900 [3], we choose to simulate 265.9 ns and 839.4 ns, the two rms delay spread values specified for normal and long delay profiles.

A threshold for each SNR value is set to keep the probability of false alarm rate around 0.1%.  The probability of false alarm is defined as the probability that the first time-frequency hypothesis exceeding the threshold yields an incorrect ID. And the probability of misdetection is defined as the probability that no correlation output exceeds the threshold in the 160 ms full TRP/UE sweep. Since the metric computed by the first stage detection (Figure 3) of xSS1 is the sum of energy of the REs in which the LDPB pilots are expected to be transmitted, the xSS1 is not very sensitive to frequency selectivity, as long as the delay spread does not exceed the CP by much.

Although the lowest pre-beamformed SNR value in the current evaluation assumptions is -18 dB, it has been shown in system level simulation [4] that the number is too optimistic. Therefore, we lower the SNR to -30 dB and still find reasonable performance with approximately 2% misdetection rate.
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Figure 7: Probability of misdetection and false alarm for different delay spreads

Observation 2: Longer delay spread has little effect on probability of misdetection due to the robustness of the Low Density Power Boosted synchronization signal to frequency selectivity.

Observation 3: The -18 dB pre-beamformed SNR in the agreed evaluation assumptions is too optimistic. 

Proposal 1: The -18 dB pre-beamformed SNR in the agreed evaluation assumptions should be changed to a lower value, e.g. -30 dB, to reflect the practical deployment scenario.
Figure 8, Figure 9 and Figure 10 show the comparison of residual timing error, residual frequency error and acquisition time, respectively, for two different delay spreads. The statistics of the residual timing and frequency error are conditioned on the event of successful detection. Therefore, the performance does not vary much for different SNR values. For larger delay spread, the residual timing error increases as expected. The inaccuracy in timing synchronization also lead to greater residual frequency error. For different delay spreads, the acquisition time does not vary by much, for the same reason stated above for the probability of misdetection.
Observation 4: Longer delay spread leads to larger residual timing error, which also degrades the performance of frequency synchronization. 
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Figure 8: Residual timing error for different delay spreads
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Figure 9: Residual frequency error for different delay spreads
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Figure 10: Acquisition time for different delay spreads
5. Conclusion
Based on the updated simulation results for above-6 GHz initial acquisition with beam sweeping, we have the following observations and proposal:
Observation 1: The acquisition time increases modestly with randomized TRP/UE orientation.

Observation 2: Longer delay spread has little effect on probability of misdetection due to the robustness of the Low Density Power Boosted synchronization signal to frequency selectivity.

Observation 3: The -18 dB pre-beamformed SNR in the agreed evaluation assumptions is too optimistic.

Observation 4: Longer delay spread leads to larger residual timing error, which also degrades the performance of frequency synchronization.

Proposal 1: The -18 dB pre-beamformed SNR in the agreed evaluation assumptions should be changed to a lower value, e.g. -30 dB, to reflect the practical deployment scenario.
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