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1. [bookmark: DocumentFor]Introduction
At the RAN1 #86 meeting, RAN1 made following agreements regarding NR synchronization signals (NR-SS) [1].
	Agreements:
· RAN1 should strive for a common framework, including for example structure of synchronization signals, for initial access
· More specifically, especially within a group of frequency bands in the frequency range, RAN1 should strive for an unified framework covering
· Single beam based and multi-beam based deployments
· TDD and FDD operations
· Different/mixed numerologies
· Standalone and non-standalone operations
· Licensed band and unlicensed band operations
· FFS: mMTC use case
· RAN1 should take at least following requirements into account to design initial access
· Providing at least following functionalities
· Detection of NR cell and its ID
· Note: In this context, NR cell corresponds one or multiple TRP(s)
· Initial time/frequency synchronization to the cell
· Providing necessary information for random access
· Providing sufficient number of the identity values to allow deployment flexibility
· FFS: supporting efficient mobility
· FFS: supporting efficient inter-RAT measurement
· Reducing the frequency hypothesis UE needs to search for compared to LTE
· FFS: detecting beam ID(s)

Agreements:
· For subcarrier spacing of each synchronization signal (e.g. NR PSS,SSS) in a NR carrier, the following alternatives should be studied
· Alt 1:subcarrier spacing is predefined in the specification for a given frequency range
· Ex: 15kHz for sub-6GHz, 60kHz for over-6GHz
· Note that there are more than one frequency ranges
· Alt 2:subcarrier spacing is selected by NR BS
· FFS: Details on the set of possible numerologies
· Note: Blind detection of multiple numerologies can be considered
· Alt 3: Single subcarrier spacing is predefined in the specification for all frequency ranges
· Other alternatives are not precluded
· NR synchronization signal is based on CP-OFDM
· Note that DFT-spread-OFDM based design is not precluded

Agreements:
· At least one transmission bandwidth within a carrier bandwidth can be specified for transmission of  each synchronization signal and at least some essential system information.
· The transmission bandwidth may be specified either differently according to the frequency range or the same across the frequency ranges
· FFS: transmission bandwidths for each synchronization signal and at least some system information are same or not
· FFS: the transmission bandwidth and the corresponding numerology
· FFS: whether the used transmission bandwidth is blindly detected by UE from specified bandwidths according to the frequency bands



The subcarrier spacing of NR-SS is one of the key parameters for the design. It can be derived by the target robustness against frequency offset for initial synchronization to a frequency carrier. Once it is derived, other fundamental parameters of NR-SS such as transmission bandwidth and sequence length can be discussed. In this contribution, we provide link-level evaluation results on NR-SS detection performance with considering frequency offset to discuss on appropriate subcarrier spacing for NR-SS and other fundamental parameters such as transmission bandwidth and sequence length.
In addition, since RAN1 agreed system level evaluation assumptions for NR-SS [2], we also provide system-level evaluation results on geometry performance in the scenarios with considering TRP beamforming. Based on the results, we discuss on necessity on NR-SS coverage enhancement schemes in addition to the TRP beamforming.
We also show our views on NR-SS design in our companion contribution [3].

2. Link-level evaluation
NR-SS detection should be robust enough against phase noise and frequency offset. Impact from these aspects is dependent on carrier frequency and UE assumption. For example, if we assume low cost UE like Wi-Fi device, it may have large initial frequency offset such as +/- 20 ppm. On the other hand, if we assume UE having LTE-level accurate oscillator, it may have much smaller initial frequency offset. In addition, when UE has synchronized with the network, e.g., UE in connected mode searching additional NR carrier, frequency offset to the NR carrier would be quite limited such as +/- 0.1 ppm. So, we should evaluate impact from frequency offset and phase noise to the subcarrier spacing of NR-SS with considering various scenarios and assumptions.

1. 
2. 
2.1. Simulation Assumptions
Table 1: Link-level simulation assumptions
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Table 1 shows the link-level simulation assumption. The phase noise which is agreed in [4] is assumed in evaluation. PSS and SSS sequence generation follows LTE methodology, and sequence length of 62 and 126 are considered for the case with subcarrier spacing f and subcarrier spacing f/2 for the same bandwidth, respectively. Regarding the frequency carrier for evaluation, we assume 6 GHz and 40 GHz since 6 GHz is basically assumed as changing point of design and 40 GHz is now maximum frequency within the scope of study according to [5]. 

2.2. Simulation Results
Figure 1 shows the link level evaluation results on SS detection probability. We can observe that subcarrier spacing of 30 kHz (240 kHz) for carrier frequency of 6 GHz (40 GHz) cannot work in case of +/- 5 ppm frequency offset at UE while increased subcarrier spacing can solve the issue. Even though narrower subcarrier spacing case utilizes longer SS sequence which basically has better correlation characteristic, it cannot work if the frequency offset exceeds the half of subcarrier spacing. So, we confirm that the half of subcarrier spacing needs to be same or wider than possible maximum frequency offset for reliable SS detection. In addition, even in high Doppler scenario with 120 km/h UE speed, UE speed has no impact on the detection performance. Therefore, in initial acquisition with +/- 5 ppm or higher frequency offset at UE, we can observe that minimum and appropriate subcarrier spacing can be considered simply in terms of UE frequency offset.

Observation 1:
· Theoretically the half ofsubcarrier spacing needs to be same or wider than possible maximum frequency offset for reliable SS detection.
· Even if longer SS sequence with improved correlation performance is applied, SS detection cannot work when the frequency offset exceeds the half of subcarrier spacing of SS.
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Figure 1:  SS detection probability performance (+/- 5 ppm frequency offset).
Table 2 shows maximum carrier frequency that meets above condition between subcarrier spacing and frequency offset. Since the target frequency offset is quite different between different UE assumptions, appropriate subcarrier spacing for a carrier frequency is also quite different. For example, 15 kHz subcarrier spacing can be applied to 40 GHz carrier frequency if +/- 0.1 ppm frequency offset is targeted assuming non-standalone access while 480 kHz subcarrier spacing would be necessary to be applied to 40 GHz carrier frequency if +/- 5 ppm frequency offset is targeted assuming standalone initial access. This 32 times difference on subcarrier spacing of SS causes quite large difference in SS monitoring bandwidth, SS sequence length design or both of them. Therefore, we propose that further investigation on appropriate subcarrier spacing of NR-SS for each frequency range is necessary with considering target frequency offset, i.e., usage scenario of the frequency range.

Table 2: Maximum carrier frequency that can apply each subcarrier spacing for each target frequency offset
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Proposal 1:
· Further investigation on appropriate subcarrier spacing of NR-SS for each frequency range is necessary with considering target frequency offset robustnss.

3. System-level evaluation
For higher frequency carriers, multi-beam based approachs are benefitial for compensation/extension of the coverage performance. But the beamforming technique based on multi-beam based approach alone may or may not be sufficient to provide the target coverage performance of NR-SS. Therefore, we perform system-level simulation to evaluate geometry performance in agreed evaluation scenarios for NR initial access. Then we also discuss possible other techniques for compensation/extension of the coverage performance of NR-SS.

3. 
3.1. Simulation Assumptions
In the evaluation in the case with beamforming, we assume the multiple 2D DFT beams generated by the Kronecker product of two oversampled DFT weights. Figure 2 and 3 illustrate the assumption for the beamforming. We assume that the best one among candidate beams from all TRPs is selected as associated beam for each UE. We simplify the interference model by assuming that neighboring TRPs randomly select one candidate beam at the time. Other evaluation assumptions are summarized in Table 3.
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Figure 2: Assumption on candidate beam patterns

  [image: ]
Figure 3: Assumption on TXRU mapping 
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Table 3: System-level simulation assumptions
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3.2. Simulation Results
Figure 4 shows the CDF of average SINR in the case of both urban macro and dense urban development (focusing on macro layer) scenarios. In both deployment scenarios, when fc = 30 GHz, we can observe the coverage performance is highly degraded. If we target the same coverage (i.e., 5%-tile SINR) with 4 GHz carrier frequency without beamforming, around + 41 dB and + 25 dB of coverage compensation needs to be achieved in urban macro and dense urban scenarios respectively. In that case, even if we assume the beamforming provides +15 dB gains ideally (e.g., assuming ideally orthogonal MIMO channel), it is quite difficult to achieve the required coverage in urban macro development scenario. For dense urban deployment scenario, practical beamforming gain would not be sufficient to achieve the required coverage performance as shown in Figure 4, and hence additional coverage compensation technique is necessary. For example, power boosting can be considered for NR-SS transmission. Since frequency resource on the NR-SS symbol would be difficult to be used for dedicated transmission when NR-SS is transmitted with beam sweeping, it seems natural to converge power on NR-SS resource. Other possible techniques can also be considered.
On the other hand, focusing on only outdoor UEs, 5%-tile SINR are -8.5 dB and -2.4 dB in urban macro and dense urban scenario respectively. In this case, practical beamforming gain may be sufficient to achieve the required coverage performance. But since the gain depends on the number of beams for beam sweeping in addition to beam width, we should study carefully on the maximum number of beams required to achieve the target coverage performance of NR-SS. The maximum number of beams for NR-SS transmission may have some impact on NR-SS mapping design as discussed in [3].

Observation 2:
· In urban macro scenario (ISD = 500 m) with 30 GHz carrier frequency, it is quite difficult to achieve the coverage performance comparable with that in 4 GHz case even if ideal beamforming gain is assumed.
· However, the outdoor UEs in such scenario would achieve sufficient coverage even with realistic beamforming gain.
· Therefore, providing indoor coverage by using 30 GHz in urban macro scenario should not be a target scenario to design NR synchronization signal for the frequency range including 30 GHz.

Observation 3:
· In dense urban scenario (ISD = 200 m) with 30 GHz macro-cell layer, practical beamforming gain would not be sufficient to achieve the coverage performance comparable with that in 4 GHz case.
· It is necessary to further investigate on additional coverage compensation techniques such as SS power boosting.
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Figure 4: Geometry performance in urban macro and dense urban (macro layer) deployment scenarios

4. Summary
In this contribution, we provided link-level evaluation results on NR-SS detection performance with considering frequency offset to discuss on appropriate subcarrier spacing for NR-SS. In addition, we also provided system-level evaluation results on geometry performance with considering TRP beamforming in agreed scenarios for NR initial access evaluation. We made the following observations and proposals. 

Observation 1:
· Theoretically the half of subcarrier spacing needs to be same or wider than possible maximum frequency offset for reliable SS detection.
· Even if longer SS sequence with improved correlation performance is applied, SS detection cannot work when the frequency offset exceeds the half of subcarrier spacing of SS.
Proposal 1:
· Further investigation on appropriate subcarrier spacing of NR-SS for each frequency range is necessary with considering target frequency offset robustness.
Observation 2:
· In urban macro scenario (ISD = 500 m) with 30 GHz carrier frequency, it is quite difficult to achieve the coverage performance comparable with that in 4 GHz case even if ideal beamforming gain is assumed.
· However, the outdoor UEs in such scenario would achieve sufficient coverage even with realistic beamforming gain.
· Therefore, providing indoor coverage by using 30 GHz in urban macro scenario should not be a target scenario to design NR synchronization signal for the frequency range including 30 GHz.
Observation 3:
· In dense urban scenario (ISD = 200 m) with 30 GHz macro-cell layer, practical beamforming gain would not be sufficient to achieve the coverage performance comparable with that in 4 GHz case.
· It is necessary to further investigate on additional coverage compensation techniques such as SS power boosting.
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Scenario Urban Macro (ISD = 500m), Macro only scenario in dense urban (ISD = 200m)

Carrier frequency 4GHz 30 GHz

Channel Model TR 36.873 TR 38.900

UE dropping According to TR 36.873

BS antenna height 25 m

Total Tx Power 49 dBm 43 dBm

Simulation bandwith 20 MHz 80 MHz

UE noise figure 9 dB 13 dB

Handover margin 0 dB

Antenna configuration at the UE Omni-directional antenna element

Antenna configuration at TRP

•

(4,8,2) with directional antenna element (HPBW=65

0

, directivity 8dB)

•

One antenna port mapped to 32 elements in one polarization

•

Analog-beam selection from 32 candidate beams. 2D-DFT beams generated by 

the kronecker product of 2 DFT weights, consisting of 4 beams in vertical plane 

and 8 beams in horizontal plane


image8.emf
-60 -40 -20 0 20 40

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8 0.9 1 SINR [dB]

CDF

f

c

= 4 GHz, Urban macro (ISD=500), without beamforming, indoor UE ratio = 80%

f

c

= 4 GHz, Dense urban (ISD=200), without beamforming , indoor UE ratio = 80%

f

c

= 30 GHz, Urban macro (ISD=500), without beamforming , indoor UE ratio = 80%

f

c

= 30 GHz, Urban macro (ISD=500), without beamforming , indoor UE ratio = 0 %

f

c

= 30 GHz, Dense urban (ISD=200), without beamforming , indoor UE ratio = 80%

f

c

= 30 GHz, Dense urban (ISD=200), with beamforming , indoor UE ratio = 80%

f

c

= 30 GHz, Dense urban (ISD=200) , without beamforming , indoor UE ratio = 0%


image1.emf
Below 6GHz Above 6GHz

Carrier Frequency 6 GHz 40 GHz

Channel Model

•

CDL-C with delay scaling values of 100 ns for 4 GHz, 30 ns for 30 GHz

•

UE speed of [3km/h, 120km/h] for 4 GHz, 3km/h for 30 GHz

•

ASA and ASD scaling values is not considered

Subcarrier Spacing(s) 30 or 60 kHz 240 or 480 kHz

SNR range > -10 dB

Number of samples used for 

PSS/SSS detection

1 symbol for PSS and 1 symbol for SSS (i.e., one-shot detection)

Antenna Configuration at the TRP

•

Tx: 2 ports, Rx: 1 port

•

Specific number of antenna elements is not considered on the assumption 

that E

s

/N

0

includes the beamforming gain.

Antenna Configuration at the UE

Antenna port virtualization

Frequency Offset

o

Initial acquisition

o

TRP: uniform distribution +/- 0.05 ppm

o

UE: uniform distribution +/- 5 ppm

Number of interfering TRPs  0 TRP

Target false detection probability 1%


