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Introduction
In RAN1 #86bis Meeting, the following has been agreed on synchronization for NR design [1]:
[bookmark: _GoBack]Agreements:
· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’
· FFS: details how to compose PSS, SSS and/or PBCH
· Multiplexing other signals are not precluded within a ‘SS block’
· One or multiple ‘SS block(s)’ compose an ‘SS burst’
· FFS: Number of ‘SS block(s)’ (defined as duration of ‘SS burst’)
· FFS: whether or not ‘SS block(s)’ are consecutive
· FFS: whether or not ‘SS block(s)’ within a ‘SS burst’ are the same
· One or multiple ‘SS burst(s)’ compose a ‘SS burst set’
· FFS: Periodicity and the number of ‘SS burst’ within a SS burst set
· Number of SS bursts within a SS burst set is finite.
· FFS: Transmission instances of ‘SS burst set’ 
· E.g., periodic/aperiodic transmission of SS burst sets.

NR system operation is expected to support very high frequencies (e.g. > 6 GHz), for example operation may initially be expected up to 40 GHz and later up to 70GHz.  For these high carrier frequencies it is expected that single and multi-beam operation may be required due to the large path and penetration losses at these frequencies.  Multi-beam operation has been discussed [3], in particular the problem of initial access for single and multi-beam operation. Also it was agreed that both multi-beam, and single-beam, based approaches need to be studied for NR [2].  Unlike < 6 GHz operation, high frequency beam based operations present specific and unique challenges for initial access. 
In this contribution, we consider the initial access design and procedure, and related observations for hierarchical based single and multi-beam initial access. 
[bookmark: _Ref465881660][bookmark: _Ref465881695]Hierarchical Beam Method and Design
The design of the SYNC burst and signal may also affect the initial access procedure and latency. The synchronization signal structure that we consider and use for evaluation for this contribution is shown in Figure 1. To facilitate discovery of the synchronization signal by the UE, the signal structure consists of a ‘synchronization signal burst’ that is divided into  sections, where each section may be used for the transmission of a synchronization signal from a different transmit beam. The signal burst may be periodic with a period of. The signal structure is combined with a TRP-oriented beam sweep procedure as shown in Figure 2.
Other mechanisms may also be considered to reduce latency such as a hierarchical beam sweeping (at the UE or TRP side) where a small set of wide SYNC beams are used first for coarse beam determination, followed by a larger set of narrower beams for fine beam determination. Using hierarchical beam sweeping can reduce the overall processing needed to search the same spatial region, thereby saving time and energy. In this case the PBCH may be aligned with both the wide and narrow beams or just the narrow beams.

Proposal 1: Advanced mechanisms to reduce initial access latency should be considered such as hierarchical beam sweeping at the UE or TRP.

Figure 2 shows a single iteration of a beam sweep using both a non-hierarchical (exhaustive search) procedure and a UE-oriented two stage hierarchical procedure. We provide simulation based analysis of these two procedures.  The analysis assumes that there are exactly beams to be swept from the transmitter and narrow beams available at the receiver. In the non-hierarchical procedure all available narrow beams are exhaustively searched.  On the other hand, the UE-oriented hierarchical procedure is a non-exhaustive search procedure, in this case using two stages as follows:

· Stage 1 - UE Wide Beam Search
· The UE receives from one of  wide beams during each SYNC burst.
· The wide beam with the highest SINR is selected for use in stage 2.
· Stage 2 – UE Narrow Beam Search
· The UE receives from one of  narrow beams, which are spatially contained within the wide beam selected from stage 1, during each SYNC burst.

For the system simulation the iteration of the full beam sweep procedure is performed for both the non- hierarchical and hierarchical procedure.  In both cases the SINR of each beam pair is measured and the UE will “attach” to a TRP using the beam pair which obtains the maximum SINR. Note for the hierarchical procedure the final “attach” declaration is decided in the second stage.            


[bookmark: _Ref465881425]Figure 1. Synchronization Signal Structure


[bookmark: _Ref465881497]Figure 2. Hierarchical and Non-Hierarchical Initial Access Beam Sweep Procedure           (Single Iteration) 

System level simulations were performed comparing the non-hierarchical and the UE-oriented two stage hierarchical procedure, which were explained in Section 2. The procedures were simulated using 3 different UE antenna configurations as follows:

1. Single panel oriented in the y-z plane with broadside facing in the positive x-direction. 
2. Two panels oriented in the y-z plane rotated 0° and 180° respectively around the z-axis. 
3. Four panels oriented in the y-z plane rotated 0°, 90°, 180°, and 270° respectively around the z-axis.      

The TRP antenna configuration remained the same for all simulations and is shown in Table 2. The TRP beams (in the azimuth direction only) used are shown in Figure 3.  Note from Table 2 there are two elevation directions swept for each of the azimuth directions shown.  The per panel wide and the narrow UE beams (in the azimuth direction only) are also shown in Figure 4.  For the two and four panel configuration there is one wide beam per panel.  However, for the single panel configuration there are two wide beams used on a single panel.     




[bookmark: _Ref465881945]Figure 3. TRP/Sector Beams and Element Pattern
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[bookmark: _Ref465883685]Figure 4. UE Wide and Narrow Beams Per Panel

Figure 5 shows CDFs for the maximum beam pair associated SINRs, while Table 1 summarizes the SINR deltas for various percentiles.  The results are shown separately for cell center LOS UEs and cell edge NLOS UEs respectively.  In all cases the exhaustive non-hierarchical procedure slightly outperforms the hierarchical procedure.  However, as will be discussed the large reduction in latency greatly outweighs the slight performance degradation.  We can analyze the performance difference further by noting difference in the selected beam pair for the two procedures.  This difference is shown in Figure 6 for the selected TRP and UE panel pair.  Assuming the non-hierarchical procedure finds the optimum beam pairing in terms of the maximum SINR, the difference shown directly results in the slight performance degradation in the hierarchical compared to the non-hierarchical procedure. 




[bookmark: _Ref465882116]Figure 5. Maximum Beam Pair Associated SINR

[bookmark: _Ref465933861]Table 1. SINR Difference (Single Stage – Two Stage) Percentiles for Figure 5
	Cell Center, LOS
	Cell Edge, NLOS

	UE Panels
	1
	2
	4
	1
	2
	4

	10%
	1.3
	0.9
	2.0
	1.3
	1.4
	2.5

	50%
	1.2
	0.6
	1.0
	1.3
	0.7
	1.7

	90%
	0.3
	0.2
	0.6
	0.9
	0.4
	1.3

	Mean
	1.0
	0.6
	1.2
	1.1
	0.9
	1.8




Observation 1: In both LOS and NLOS cases, SNR performance is comparable between single-stage non-hierarchical and two-stage hierarchical beam sweep for 1, 2 and 4 panels at UE. Two-stage hierarchical beam sweep method has slightly degraded SNR performance.





[bookmark: _Ref465882126]Figure 6. Percent Difference in TRP and UE Panel Selection  

Observation 2: In both LOS and NLOS cases, two-stage hierarchical beam method may select sub-optimal site/sector or UE panel index other than the site/sector or UE panel index that single-stage non-hierarchical beam method selects. 

Analysis of the latency of the two procedures shows that the slight performance degradation that occurs by using the hierarchical procedure may be greatly outweighed by the substantial reduction in access latency. The simulations were performed for a single iteration, however since the SYNC bursts are continuously transmitted signal energy may also be accumulated in an attempt to reach a desired threshold.  Assuming this accumulation occurs in the second stage only for the hierarchical procedure, the latency difference between the two procedures also increases with increasing accumulations.  The latency for both procedures (in terms of the number of SYNC bursts) can be computed as follows:

· Non-hierarchical procedure
· 
· Hierarchical two-stage procedure
· 

Where  and  are the number of wide beams and number of narrow beams that participate the beam sweep during a single iteration of beam sweep.
Figure 7 shows the difference in latency for the two procedure for up to 5 iterations with all three antenna configurations.  As shown the latency difference not only increases with the number of accumulations, but the rate at which the difference increases also grows as the number of UE panels increases.    

[image: ]
[bookmark: _Ref465882169]Figure 7. Initial Access Latency Difference   

Observation 3: Two-stage hierarchical beam method offers comparable or slightly degraded SNR performance than the performance of single-stage non-hierarchical beam method. Two-stage hierarchical beam method offers low access time or latency as compared to single-stage non-hierarchical beam method in both LOS and NLOS cases.
Proposal 2: To reduce initial access latency and beam sweep overhead, hierarchical beam sweeping should be considered at different phases of initial access procedures including synchronization, broadcasting and random access procedures.
Proposal 3: Synchronization procedure (e.g., NR-PSS, NR-SSS) may be jointly designed with multi-stage hierarchical beam sweeping.  

Conclusions
In this contribution, we evaluated initial access for a beam-based approach in NR. Based on the analysis and simulations results, we have the following observations:
Observation 1: In both LOS and NLOS cases, SNR performance is comparable between single-stage non-hierarchical and two-stage hierarchical beam sweep for 1, 2 and 4 panels at UE. Two-stage hierarchical beam sweep method has slightly degraded SNR performance.
Observation 2: In both LOS and NLOS cases, two-stage hierarchical beam method may select sub-optimal site/sector or UE panel index other than the site/sector or UE panel index that single-stage non-hierarchical beam method selects. 
Observation 3: Two-stage hierarchical beam method offers comparable or slightly degraded SNR performance than the performance of single-stage non-hierarchical beam method. Two-stage hierarchical beam method offers low access time or latency as compared to single-stage non-hierarchical beam method in both LOS and NLOS cases.



Based on the observations, we have the following proposals:
Proposal 1: Advanced mechanisms to reduce initial access latency should be considered such as hierarchical beam sweeping at the UE or TRP.
Proposal 2: To reduce initial access latency and beam sweep overhead, hierarchical beam sweeping should be considered for different phases of initial access procedures including synchronization, broadcasting and random access procedures.
Proposal 3: Synchronization procedure (e.g., NR-PSS, NR-SSS) may be jointly designed with multi-stage hierarchical beam sweeping.  
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Appendix: System Level Evaluation assumptions
[bookmark: _Ref465881779]Table 2. System Level Simulation Assumptions
	Parameter
	Value(s)/Description

	Evaluation Methodology
	System Level Analysis

	Channel Model and Scenario
	3GPP TR 38.900 v 14.1.0 5GCM, UMi-Street Canyon

	Percentage of Outdoor UEs
	100%

	Carrier Frequency
	30 GHz

	Bandwidth
	100 MHz

	Number of Sites
	7

	Sectors Per Site
	3

	Number of UEs per Sector
	10

	Number of Synch Resource Blocks 
	6

	Sync Period
	5 ms

	Base Station Antenna Element
	HPBW = 65°, Directivity = 8 dB 

	UE Antenna Element
	HPBW = 90°, Directivity = 5 dB

	Sector Antenna Configuration
	(M, N, P, Mg, Ng) = (4,8,2,1,1) 
(dv, dH) = (0.5, 0.5)λ


	UE Antenna Configurations
	(M, N, P, Mg, Ng) = (2,4,2,{1,2,4}1)
(dv, dH) = (0.5, 0.5)λ
(dgv, dgH) = (0.0, 0.0)λ
1 Panel: 
2 Panels: 
4 Panels: , , 

	Beamforming Weights
	Phased Weighting

	Sector Beam Directions
	Azimuth = [-60:15:60], Elevation = [100, 120]

	UE Narrow Beam Directions Per Panel, Single Stage
	Azimuth = [-60:20:60], Elevation = [80, 60]

	UE Wide Beam Directions, Stage 1
	1 Panel: Azimuth = [-30, 30]


	UE Narrow Beam Directions Per Panel, Stage 2 
	1 Panel: Azimuth = [-50:20:50], Elevation = [80, 60]
2 Panel: Azimuth = [-60:20:60], Elevation = [80, 60]
4 Panel: Azimuth = [-45:15:45], Elevation = [80, 60]

	UE Orientation
	: U[0,360]°, : 90°, : 0°
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