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1 Introduction

In RAN1#86b meeting [1], the following agreements on initial access were achieved:
· NR defines at least two types of synchronization signals

· NR-PSS at least for initial symbol boundary synchronization to the NR cell

· FFS other functionality provided by NR-PSS, e.g., part of NR cell ID, serving as DMRS for NR-SSS, detection of subcarrier spacing

· NR-SSS for detection of NR cell ID or at least part of NR cell ID

· Number of NR cell IDs is targeted to be at least 504

· FFS: larger than that in LTE

· FFS number of NR cell IDs

· NR-SSS detection is based on the fixed time/freq. relationship with NR-PSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead

· FFS FDM or TDM

· FFS other functionality provided by NR-SSS, e.g., demodulation of broadcast channel, RRM measurement, deriving subframe index, deriving symbol index

The link-level simulation (LLS) results of a proposed initial access scheme under the UE-center-like framework were presented in [2]. In this paper, we focus on the system-level simulation (SLS) evaluation based on the agreed simulation assumption [3] [4].

2 Initial Access Procedure and Methodology
The initial access procedure under UE-cell-center-like framework can be referred to [5]. In the framework, multiple TRPs can form a NR cell providing seamless mobility to the UE. Different TRPs within a NR cell could transmit identical synchronization signals (SSs), no matter they are closely coordinated or not, i.e. it effectively implies single frequency network (SFN) transmission or non-SFN transmission. 
2.1 Below 6GHz

As illustrated in Figure 1, a target UE may receive strong enough SSs from the closely coordinated TRPs, and much weaker ones from the rest TRPs in the NR cell due to the power attenuation caused by different propagation distances and shadowing etc.. As part of investigation to such a framework, the transmission scheme of “up to 3TRPs within a closely coordinated area sending identical SSs” has been evaluated in [2]. In this contribution, we extend the number and deployment of investigated TRPs to a system-level, e.g. the typical 57TRPs in hexagon grid deployment. Thus, the power attenuation and arriving time difference from different TRPs can be properly modelled. Effectively, the investigated transmission scheme is extended to “all the TRPs within a NR cell sending identical SSs”. 
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Figure 1.  Example of transmission of SSs from closely coordinated TRPs within a NR cell.
2.2 Above 6GHz

Due to high path loss for above 6GHz, TRP and UE need to periodically sweep beams for beam alignment and provide sufficient SNR for synchronization. One example is given in Figure 2, the Tx beam direction would be different for each sweeping OFDM symbol and the Rx beam in UE side will not be changed within one sweeping period. If SS cannot be detected successfully, UE will switch to another Rx beam and repeat the mentioned procedure. Note that such beam sweeping scheme should be applied in each TRP.
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Figure 2. Beam sweeping structure
3 System-level Performance Evaluation
3.1 Below 6GHz
As discussed in section 2.1, 57 TRPs are modelled in the NR cell for below 6GHz simulation. For each individual UE, it should receive SSs from all the 57 TRPs with different coupling loss and propagation delay. The received signals are joint detected at the UE side. A successful cell acquisition is finished when at least one desired Cell-ID has been detected. To evaluate the performance of initial access under UE-cell-center-like framework, the following two transmission schemes need to be modelled:
· Scheme 1: 57 TRPs are transmitting different SSs 
· Scheme 2: 57 TRPs are transmitting identical SSs
Figure 3 gives the CDF distribution of the cell search time of above two schemes under the scenarios of Urban Macro and Dense Urban respectively. The detailed analysis is given based on the summary in Table 1. As the LTE SS and configuration is re-used, therefore, the one-shot accessing time should be no more than 5ms (the green dash-dot line in figure 3). As summarized in Table I, up to 90% users in scheme 2 successfully acquired the desired cell-ID in one-shot detection under the scenario of urban macro, while only 79% users in scheme 1 can access the cell in one-shot detection. In other words, the one-shot detection rate of scheme 2 is 11% higher than that of scheme 1. Under the scenario of dense urban, the one-shot detection rates of scheme 1 and scheme 2 increased to 86% and 93% respectively. Thus, the performance of scheme 2 is 7% better in one-shot detection than that of scheme 1. 
Observation 1: The one-shot detection rates have significant improvement (11% and 7%) under scenarios of Urban Macro and Dense Urban respectively, when all the TRPs are transmitting identical SS instead of different ones.
On the other hand, the 50th and 90th percentile of cell search time are investigated. As depicted in figure 3, the search times at 50th percentile are very close for both schemes under both scenarios, but perform very different at 90th percentile. As shown in Table I, 90% users of scheme 2 need no more than 5ms to access the cell under the scenario of urban macro, while up to 14ms is required by using scheme 1. In other words, the transmission scheme 2 saved up to 9ms in average compared to the scheme 1 when 90% users successfully acquired the desired Cell-ID. Under the scenario of dense urban, at 90th percentile, the average accessing time of scheme 2 is 1.1ms less than that of scheme 1. 
Observation 2: Under the scenario of Urban Marco, the average accessing time for 90% users can be greatly saved (-9ms) when all the TRPs are transmitting identical SS instead of different ones.
Observation 3: Under the scenario of Dense Urban, the average accessing time for 90% users can be slightly improved (-1.1ms) when all the TRPs are transmitting identical SS instead of different ones.
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Figure 3.  CDF distribution of the cell acquisition time based on joint PSS and SSS detection

Table 1. Summary of detailed cell search time and one-shot detection rate based on joint PSS and SSS detection
	Scenarios and Schemes
	Cell Search Time (ms)
	One-Shot (5ms) detection rate

	
	50th percentile
	90th percentile
	

	Urban Macro (ISD 500)
	Scheme 1
	3.1
	14     
	79% 

	
	Scheme 2
	2.8
	5     (- 9ms)
	90%  (+ 11%)

	Dense Urban (ISD 200)
	Scheme 1
	3.1
	6 
	86%  

	
	Scheme 2
	2.7
	4.9  (- 1.1ms)
	93%  (+ 7%)


Based on the Figure 3 and Table 1, we can observe that the performance gap between two transmission schemes under the scenario of urban macro is relatively larger than that under dense urban. It is logical because the scheme 2 can greatly improve the initial access performance especially when UE is deployed or moved to a position with poor coverage. 

Observation 4: The enhancement to the initial access brought by the scheme of “all the TRPs transmitting identical SSs” is more significant under the scenario of urban macro, compared to the scenario of dense urban.
An further investigation is focused on the 5% cell-edge users. The cell-edge users are selected according to the metric of the coupling loss. Figure 4 provides the CDF distribution of cell search time for 5% cell-edge users within the NR cell. First of all, Figure 4 shows a similar trend as Figure 3 that the scheme 2 outperforms than scheme 1 under both scenarios. Secondly, larger performance gap between two schemes is observed. For example, a tremendous improvement (dashed double arrows in figure 4) is obtained in terms of one-shot detection rate. In addition, up to 70% users can access the cell in one shot detection under the scenario of urban macro in scheme 2. While more than 30% users under the same scenario failed to access the cell in 100ms simulation searching period in scheme 1. As a conclusion, the cell-edge users are more beneficial from the scheme 2. 
Observation 5: The users with relatively larger coupling loss can greatly benefit from the transmission scheme of “all the TRPs transmitting identical SSs”.
Proposal 1: Within a NR cell, a number of TRPs (e.g. 57 TRPs) transmitting identical synchronization signals should be supported to improve the performance of initial access. 
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Figure 4.  CDF distribution of cell search time for 5% cell-edge users.
3.2 Above 6GHz 
With the evaluation assumption in [3]-[4], the details of the simulation setup are in Appendix. In the evaluation, PSS and SSS are independently transmitted in two continuous OFDM symbols with the same beam. The beam sweeping period is assumed to be 5 ms and the number of OFDM symbols used for beam sweeping is 64 (i.e. N=64 shown in Figure 2) for total 32 Tx beams in the BS side. Based on joint PSS and SSS detection, the following two transmit schemes of SS are evaluated.
· Scheme 1: 9 TRPs are transmitting different SSs.

· Scheme 2: 9 TRPs are transmitting identical SSs.
For the statistics of the cell search time, we concentrate to analyze the required number of beam sweeping periods. All dropped users are assumed to detect SS at the same start time. If UE detects SS successfully in the nth beam sweeping period, the cell search time is given by 5*n (ms).  

As illustrated in Figure 5, the CDF of cell search time for different transmit schemes is provided in Urban Macro and Dense Urban (macro only) scenarios. Comparing with scheme 1, scheme 2 obtains better performance both for the 50th percentile and 90th percentile in Urban Macro scenarios and has the similar performance for the 50th percentile in Dense Urban (macro only) scenario. More details of the performance gain is presented in Table 2. For the 50th percentile, scheme 2 can reduce two periods (i.e. 10ms) for synchronization compared with scheme 1 in Urban Macro scenario. For the 90th percentile, scheme 1 requires 40 ms for synchronization while scheme 2 needs only 5 ms in Dense Urban (macro only) scenario. Moreover, not all users in scheme 1 can synchronize due to high path loss, which implies that the beamforming gain is not enough but it can be alleviated by combining the SSs transmitted from multiple TRPs. In addition, scheme 2 can improve by 33% and 28% for the percentage of the users synchronizing in the first beam sweeping period in Urban Macro and Dense Urban (macro only) scenarios, respectively. 
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(a) Urban macro scenario                          (b) Dense urban (macro only) scenario
Figure 5.  CDF of cell search time for joint PSS and SSS detection
Table 2 Cell search time based on joint PSS and SSS detection
	Scenarios and Schemes 
	 Cell Search Time (ms)
	Successful detection users (1st period)

	
	50th percentile
	90th percentile
	

	Urban Macro
(ISD=500)
	Scheme 1
	15
	-
	29%

	
	Scheme 2
	5
	 15
	62% (+ 33%)

	Dense Urban-Macro Only (ISD=200)
	Scheme 1
	5
	40
	70%

	
	Scheme 2
	5
	5
	98% (+ 28%)


Observation 6: For NR above 6 GHz, multi-TPR transmitting the same synchronization siganl has better performance for the cell search time and coverage, compared with mutli-TRP transmitting different synchronization siganls in Urban Macro and Dense Urban (macro only) scenarios.
Proposal 2: For above 6 GHz, it should support multiple TRPs within a NR Cell transmitting identical synchronization signal to improve the coverage.
4 Conclusions
In this contribution, the system-level performance of initial access were evaluated and the following observations and proposals were concluded:
Observation 1: The one-shot detection rates have significant improvement (11% and 7%) under scenarios of Urban Macro and Dense Urban respectively, when all the TRPs are transmitting identical SS instead of different ones.
Observation 2: Under the scenario of Urban Marco, the average accessing time for 90% users can be greatly saved (-9ms) when all the TRPs are transmitting identical SS instead of different ones.
Observation 3: Under the scenario of Dense Urban, the average accessing time for 90% users can be slightly improved (-1.1ms) when all the TRPs are transmitting identical SS instead of different ones.
Observation 4: The enhancement to the initial access brought by the scheme of “all the TRPs transmitting identical SSs” is more significant under the scenario of urban macro, compared to the scenario of dense urban.
Observation 5: The users with relatively larger coupling loss can greatly benefit from the transmission scheme of “all the TRPs transmitting identical SSs”.

Observation 6: For NR above 6 GHz, multi-TPR transmitting the same synchronization siganl has better performance for the cell search time and coverage, compared with mutli-TRP transmitting different synchronization siganls in Urban Macro and Dense Urban (macro only) scenarios.
Proposal 1: Within a NR cell, a number of TRPs (e.g. 57 TRPs) transmitting identical synchronization signals should be supported to improve the performance of initial access. 

Proposal 2: For above 6 GHz, it should support multiple TRPs within a NR Cell transmitting identical synchronization signal to improve the coverage. 
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Appendix A: Evaluation assumptions for SLS
Table 1. Simulation assumptions for system level evaluations.
	Parameter
	SLS Assumptions

	Carrier Frequency
	4 GHz
	30GHz

	Scenario
	Urban Macro (ISD = 500m), Dense Urban (ISD = 200m)

	Channel Model
	TR 36.873
	TR 38.900

	UE dropping
	TR 36.873
	TR 36.873(100% outdoor UE)

	Subcarrier spacing
	15 kHz
	60 kHz

	Search window
	5ms (for one-shot)
	5ms(for one beam sweeping period)

	Bandwidth
	1.4 MHz
	80 MHz

	FFT size
	128
	2048

	PSS
	Zadoff-Chu (root = 25 and 34, length = 62) 
	Zadoff-Chu (root = 25 and 34, length = 62) 

	SSS
	m-sequence(168 hypothesis, length 31)
	m-sequence(168 hypothesis, length 31)

	Frequency offset
	Initial acquisition
TRP:  uniform distribution +/- 0.05 ppm
UE: uniform distribution +/-5 ppm
	Initial acquisition

TRP: uniform distribution +/- 0.05 ppm

UE: uniform distribution +/- 5 ppm

	Antenna configuration at the TRP
	(8,1,2) with directional antenna element (HPBW=650, directivity 8dB)
	(M,N,P,Mg,Ng) = (4,8,2,1,1), 
(dV,dH) = (0.5,0.5)λ,

 (HPBW=650, directivity 8dB)

	Antenna configuration at the UE
	(1,1,2) with omni-directional antenna element 
	(M, N, P) = (2, 4, 2); With directional antenna element (HPBW=900, directivity 5dB). 

	Antenna port virtualization
	N.A.
	1 TXRU per polarization per panel

	Codebook
	N.A.
	DFT codebook

	Number of beams
	N.A.
	32 Tx beams (BS) and 8 Rx beams (UE)

	PN model
	N.A.
	Nokia [6]
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