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Introduction
In RAN1#86b, the (updated) evaluation assumptions to study the initial access performance were agreed. In this contribution we provide updated simulation results to study the sync performance at both link-level and system-level. Our companion contribution [1] presents our synchronization signal design. In Section 2, we overview our proposed sync design. Section 3 provides study results based on the link-level evaluation assumptions in [2]. Section 4 provides system-level performance results based on the assumptions agreed in [3], and Section 5 concludes this contribution.

Sync signal design
[1] presents our proposed design in full details. Table 1 reiterates the main aspects of our design that is used to generate the simulation results in Sections 3 and 4. 

[bookmark: _Ref463014203]Table 1 -- Summary of sync design
	Parameter
	Value
	Comments

	Sync periodicity
	5 msec
	See Figure 1

	SS burst duration
	250 sec
	

	# SS blocks in a SS burst
	14
	

	Subcarrier spacing for sync signals
	240 KHz
	

	Sync tx bandwidth 
	34.56 MHz
	

	Sampling rate
	61.44MHz
	

	BS beam sweep pattern
	Azimuth: sweeping 14 directions
Elevation: directed towards 110 degree
Periodicity: 5 msec
	

	UE beam pattern
	Reception using a pseudo-omni beam 
	

	Sync symbol multiplexing method
	TDM
	See Figure 2(a)

	PSS waveform
	127-length ZC with 3 roots
	

	SSS waveform
	Based on 2 X 62-length LTE rel-8 SSS with 2-layer precoding
	See Figure 2(b)




[bookmark: _Ref463014231]Figure 1 -- resources allocated to sync transmission

     (a) 	 	                    			   	(b)


          	  
[bookmark: _Ref463014241]Figure 2 -- (a) nominal sync symbol design (TDM vs FDM), (b) proposed SSS signal design

Complexity of the searcher algorithm
In the presence of large initial frequency offset, the searcher algorithm may have to apply multiple frequency hypotheses while searching for the PSS. In our simulation and for initial acquisition, we considered 3 CFO hypotheses. 
The other parameter that affects the searcher complexity is the number of PSS/SSS peaks that are processed every  X msec. In our study, we pass at most 1 PSS peak (for SSS processing) every sync period (X=5 msec), the best SSS hypothesis for this PSS peak is found and if its correlation passes a threshold, a successful acquisition is declared.

Link-level performance evaluation
In what follows we provide link-level sync performance results for the proposed design (in Table 1). The sim configuration is aligned with the agreed evaluation assumptions in [2] (summarized in Table 6) for a 30GHz system. In our study, we assumed the target SNR (-18dB or -20dB) includes the tx/rx antenna gains, further array gain would be achieved by beam-forming.  In our simulation, we assumed the orientation of the BS and UE antenna panels are respectively (0,0,0) and (180,0,0), i.e., the two panels are facing each other but located at different heights. The detection threshold is chosen to achieve at most ~1% false alarm probability. The latency is the time to declare a successful detection of the cell id (not including the PBCH decoding).

Initial acquisition 
For the initial acquisition scenario, we assume the UE has a frequency offset up to 5 ppm, and TRP’s frequency offset is at most 0.05ppm.
Table 2 and Table 3 provide respectively the achieved FA and missed detection probabilities and the initial acquisition latency for different angular spread configurations of the 30GHz system. We observe the proposed design along with the beam-formed transmission of the sync signal can provide very good performance even at low SNR (-18 dB).

[bookmark: _Ref463016993]Table 2 – initial acquisition False alarm and missed detection probabilities: 30GHz, -18dB
	(ASD,ASA)
	(5,30)
	(5,60)

	FA prob
	<0.25%
	<0.25%

	Missed detection prob
	<0.25%
	<0.25%

	(ASD,ASA)
	(15,30)
	(15,60)

	FA prob
	<0.25%
	<0.25%

	Missed detection prob
	<0.25%
	<0.25%



[bookmark: _Ref463016746]Table 3-- Initial acquisition latency: 30GHz, -18dB
	(ASD,ASA)
	(5,30)
	(5,60)

	Mean latency
	1.01
	1.008

	90% latency (sync periods)
	1
	1

	(ASD,ASA)
	(15,30)
	(15,60)

	Mean latency
	1.01
	1.008

	90% latency
	1
	1




Figure 3 demonstrates the distribution of the residual timing and frequency errors for initial acquisition.
Observation 1: The proposed TDM design with repeating PBCH sub-symbols can provide reliable synchronization and very fine frequency offset estimation.
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[bookmark: _Ref466033869]Figure 3-- Frequency and timing error: 30 GHz, initial acquisition

Non-initial acquisition 
For the non-initial acquisition scenario, we assume the UE has a frequency offset up to 0.1 ppm, and TRP’s frequency offset is at most 0.05ppm. In this case, the searcher does not need to apply multiple CFO hypotheses while searching for the PSS signal. 
The false alarm and missed detection probabilities are shown in tables below. Figure 4 shows the distribution of the residual frequency error for -18dB and -20dB.

Table 4 -- non-initial acquisition False alarm and missed detection probabilities: 30GHz, (ASD,ASA)=(15,30)
	SNR
	-18
	-20

	FA prob
	<0.25%
	<0.25%

	Missed detection prob
	<0.25%
	0.5%



Table 5-- non-initial acquisition latency: 30GHz, (ASD,ASA)=(15,30)
	SNR
	-18
	-20

	Mean latency
	1.01
	1.015

	90% latency (sync periods)
	1
	1


[image: ]
[bookmark: _Ref466034259]Figure 4 -- Frequency error: 30 GHz, non-initial acquisition

PBCH evaluation
We present preliminary link curves for PBCH decode performance on CDL-C scaled to 30ns DS. The results are reported for one-shot decoding (i.e. based on single SS block).  These results show the viability of SSS as 2-port reference for PBCH demodulation and a relatively large payload capacity. BS beamsweep pattern and UE beam are the same as used during sync evaluation (Table 1), and PBCH decoded is attempted for the strongest beam per beamsweep (irrespective of success of PSS/SSS detection).
[image: ]
Figure 5-- PBCH one-shot decode performanc for various TB sizes

System-level performance evaluation
In this section we provide system-level sync performance results based on the evaluation assumptions in [3] and for 
· Urban Macro (ISD=500m) scenario
· 2-tier drop (57 cells)
· Initial acquisition (with up to 5ppm frequency offset at UEs)
To simplify the simulation, 15 links per UE (corresponding to the 15 strongest TRPs for a given UE) are simulated. 
The distribution of the (pre-beamforming) SNR values of all UEs with respect to their detected cells is shown in Figure 5. The initial sync latency of UEs is also shown in this figure. We note that most of the UEs are able to get access within the first sync period. 
Figure 6 demonstrates the distribution of the residual timing and frequency errors across 570 UEs. Note that the timing error is calculated with respect to the delay of the strongest cluster between a UE and the detected eNB. Although the main tap may be expected to be observed at the time offset of the strongest cluster, it may not be always true due to, for example, the randomization of the initial phases of the rays, and the effect of tx/rx beamforming and the way signals across different antennas are combined at the receiver. 
We also note that 90% of UEs have less than ~10KHz (~0.33ppm) of CFO. Further CFO refinement is possible after PBCH decoding.
[image: ][image: ]
[bookmark: _Ref466034436]Figure 6-- SNR distribution and sync latency
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[bookmark: _Ref466034505]Figure 7-- residual timing and frequency errors

Conclusions
Observation 1: The proposed TDM design with repeating PBCH sub-symbols can provide reliable synchronization and very fine frequency offset estimation.
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Appendix 
[bookmark: _Ref463014302]Table 6 -- Link-level evaluation assumptions [2]
	 
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	4 GHz
	30, 70 GHz

	Channel Model
	CDL-C (other CDL models are not precluded), AWGN
· with delay scaling values of 100 ns (mandatory),  300 ns (optional)  and 1000 ns (optional) for 4 GHz, 30 ns for 30/70 GHz
· with all combination of ASA and ASD scaling values in sec. 7.7.5.1 in 38.900, for above 6 GHz cases
· ZSA = 5 degree, ZSD = 1 degree 
· 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(s)
	15, 30, 60, 120, 240, or 480 kHz (to be clarified by each proponent; other values are not precluded)

	SNR range
	> -6dB
	> -18dB

	UE speed
	3 km/h and 120 km/h  (mandatory)
 30km/h and 500km/h (optional)
	3 km/hr

	Search window
	The time window to search (correlate) NR-PSS. It depends on the periodicity of NR-SS transmission. The value needs to be provided by each proponent

	Antenna Configuration at the TRP
	(1,1,2) with omni-directional antenna element
	(4,8,2), with directional antenna element (HPBW=650, directivity 8dB)
Optional: (M,N,P,Mg,Ng) = (4,8,2,2,2). (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (2.0, 4.0)λ

	Antenna Configuration at the UE
	(1,1,2) with omni-directional antenna element
	(2,4,2), with directional antenna element (HPBW=900, directivity 5dB)

	Antenna port virtualization
	Clarified by each proponent in simulation assumptions 
(e.g. the beamforming method, beam directions, number of beams)

	Frequency Offset
	· Initial acquisition
· TRP: uniform distribution +/- 0.05 ppm
· UE: uniform distribution +/- 5, 10, 20  ppm (each company to choose one)
· Non-initial acquisition
· TRP: uniform distribution +/- 0.05 ppm
· UE: uniform distribution +/- 0.1 ppm

	Phase Rotation Model

	
	Follow the PN model of [R1-165005]


	Number of interfering TRPs 
	1. 0 TRP: mandatory
2. 2 interfering TRPs (1st SIR = 0dB, 2nd SIR = -3dB; SIR is defined as the ratio of power between a reference cell and interfered cell) – timing arrival differences from TRPs are provided by each proponent: optional
	1. 0 TRP
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