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Introduction
In RAN1 #86 Meeting, the following has been agreed on synchronization for NR design [2]:
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

· The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:
· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)
· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams
· For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams
· FFS: TRP Tx beam and UE Rx beam can be determined jointly or sequentially


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.  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 [1], 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 [1].  Unlike < 6 GHz operation, high frequency beam based operations present specific and unique challenges for intial access. 
In this contribution, we consider the initial synchronization design, and related observations for single and multi-beam initial access. 

Synchronization Burst Structure 
A multi-beam or single-beam scheme may be applied to the synchronization channel. Hence, the design of a synchronization burst structure and procedure for NR should consider this. Three synchronization burst Tx/Rx beamforming scenarios may be considered: Multi-beam TRP-oriented; Multi-beam UE-oriented; and Single beam. Multi-beam schemes are discussed in this contribution.
For a multi-beam TRP-oriented scenario, the latency of initial access is a concern. To address this concern, the TRP may divide each synchronization period into sub-periods of time where each sub-period may correspond to a particular beam carrying SYNC (i.e., a SYNC beam). This is shown in Figure 1.  In this approach a UE relies on the TRP using a beam sweep procedure for initial access (e.g., for finding a beam pair with a SYNC beam above a threshold in this context). This method may reduce the delay in acquiring SYNC and, therefore, be suitable for applications that are particularly sensitive to low latency.   



[bookmark: _Ref462961154]Figure 1: Multi-beam TRP-oriented SYNC Signal 

For a multi-beam UE-oriented scenario for TRP synchronization, shown in Figure 2,  the UE will perform the beam sweep procedure rather than the TRP. The UE may reduce the initial access latency if it has a prior knowledge of the TRP SYNC beam, for example from information derived from an anchor beam management procedure [4]. Since the beam space that is searched is reduced, the initial access latency may also be reduced. 



[bookmark: _Ref462407194][bookmark: _Toc462086652][bookmark: _Toc462609089]Figure 2: Multi-beam UE-oriented SYNC Signal

Observation 1: Both TRP-oriented and UE-oriented beam sweeping can be used with techniques that can reduce latency.
Proposal 1: The beam sweep procedure for initial access may be TRP-oriented and/or UE-oriented.
 
The design of the SYNC signal may also affect the initial access latency. The synchronization signal structure that we consider and use for evaluation for this contribution is shown in Figure 3. 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 4.
In Section 3 we provide an analysis of the initial access latency for this procedure. This analysis assumes that there are exactly beams to be swept from the transmitter and beams swept from the receiver. For the system simulation the signal energy of each beam pair is measured and tested against a threshold to declare initial access success.  Furthermore, since the synchronization burst is continuously transmitted with a period of  seconds, the signal energy may also be accumulated in an attempt to reach the desired threshold.  If the threshold is not reached after a certain time period an initial access failure will be declared.    
In Section 3 we present initial system simulation based results for this procedure.  



[bookmark: _Ref462834464]Figure 3. Synchronization Signal Structure



[bookmark: _Ref462835915]Figure 4. Initial Access Beam Sweep Procedure (Single Iteration)

Initial Access Latency
The initial access latency can be defined as the time it takes for the UE to find a TRP and beam pair that has a SNR (SYNC SNR) that is adequate for the required subsequent communications. Also we evaluate different antenna array configurations at both the TRP and the UE relative to the SNR as well as initial access time. In addition, we investigate how the angular spreads and propagation conditions influence the performance of the initial access procedure. Note that in the appendix we provide these results.
For the evaluations the UEs are uniformly distributed and are forced to be all LOS or NLOS using the different antenna configurations described in the appendix. 
Simulation results using the above procedures are shown in Figure 5 and Table 1.



[bookmark: _Ref462865310]Figure 5. Initial Access Detection Time 

[bookmark: _Ref462867414]Table 1. Initial Access Time Percentiles
	LOS, Tx Array = 1x16
	NLOS, Tx Array = 1x16

	Rx Array
	1x1
	1x2
	1x4
	1x8
	1x16
	1x1
	1x2
	1x4
	1x8
	1x16

	10%
	1
	3
	5
	11
	16
	1
	3
	5
	11
	16

	50%
	1
	3
	5
	11
	16
	8.4
	14.8
	16.5
	23.4
	25.6

	90%
	2.8
	4.7
	5.2
	11
	16
	x
	x
	x
	x
	x

	Mean
	1.7
	4.2
	5.9
	12.1
	16.7
	13.8
	18
	18.5
	25.5
	28.4



The access time is in increments of the number of synchronization bursts that are required to do one full beam sweep iteration. Assuming all Tx beams are contained within a single synchronization burst, the beam sweep time for each iteration will be equal to the number of Rx beams.

Observation 2: In the LOS case most UEs are camped on a cell after a single iteration for all sizes of Rx Array, compared to less than half in the NLOS case.
Observation 3: In the NLOS case about 20-30% of UEs do not camp successfully after 100 synchronization periods, compared to the LOS case where ~100% of UEs are camped after 50 synchronization periods.

Proposal 2: The design for minimizing initial access time should consider the impact of the antenna configuration and beam sweep procedure
Other Considerations for Beamformed SYNC and PBCH
A beam sweep procedure as described previously may be performed individually for the SYNC and PBCH channels. To facilitate the reception of the PBCH, the PBCH Tx beam ID may be derived from the association of the SYNC beam with the PBCH beam. Using this approach the reception of the PBCH signal may be accelerated due to the reduced overhead for identifying the PBCH beam location. 
Proposal 3: Time synchronous beam alignment for SYNC and PBCH should be considered to reduce the beam sweep overhead in NR.
[bookmark: _GoBack]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 4: Additional mechanisms to reduce initial access latency should be considered such as hierarchical beam sweeping at the UE or TRP.
 
Conclusions
In this contribution, we evaluated initial synchronization for a beam-based approach in NR. Based on the analysis and simulations results, we have the following observations:
Observation 1: Both TRP-oriented and UE-oriented beam sweeping can be used with techniques that can reduce latency.
Observation 2: In the LOS case most UEs are camped on a cell after a single iteration for all sizes of Rx Array, compared to less than half in the NLOS case.
Observation 3: In the NLOS case about 20-30% of UEs do not camp successfully after 100 synchronization periods, compared to the LOS case where ~100% of UEs are camped after 50 synchronization periods.

Proposal 1: The beam sweep procedure for initial access may be begun at either the TRP and/or the UE to reduce latency
Proposal 2: The design for minimizing initial access time should consider the impact of the antenna configuration and beam sweep procedure
Proposal 3: Time synchronous beam alignment for SYNC and PBCH should be considered to reduce the beam sweep overhead in NR.
Proposal 4: Additional mechanisms to reduce initial access latency should be considered such as hierarchical beam sweeping at the UE or TRP.

References
[1] [bookmark: _Ref458702645]Chairman’s Notes, 3GPP TSG-RAN WG1 #85, 23rd – 27th May 2016, Nanjing, China
[2] [bookmark: _Ref460871264]Chairman’s Notes, 3GPP TSG-RAN WG1 #86, 22nd – 26th August 2016, Gothenburg, Sweden
[3] [bookmark: _Ref458702429][bookmark: _Ref458702606][bookmark: _Ref458702426][bookmark: _Ref460868577]R1-1610356, “Considerations for DL Broadcast Channel”, InterDigital, 3GPP TSG-RAN WG1 Meeting #86, , Gothenburg, Sweden, August 22-26, 2016
[4] [bookmark: _Ref458702467]R1-167286, #86, “Beam Management Procedures in Beam Based Access”, Nokia, Alcatel-Lucent Shanghai Bell, Gothenburg, Sweden, August 22-26, 2016
[5] [bookmark: _Ref460868836]R1-1610345, “Robust and Efficient Beam management for NR”, InterDigital, 3GPP TSG-RAN WG1 Meeting #86bis, Lisbon, Portugal, 10th – 14th October 2016

Appendix: Evaluation assumptions
[bookmark: _Ref462836543]Table 2. Simulation Assumptions
	Parameter
	Value(s)/Description

	Evaluation Methodology
	System Level Analysis

	Channel Model and Scenario
	3GPP TR 38.900 v14.0.0 5GCM, UMi-Street Canyon

	Percentage of outdoor UEs
	100% 

	Carrier Frequency 
	30 GHz

	Bandwidth
	100 MHz

	Number of Sites
	1

	Sectors Per Site
	3

	Number of UEs per Sector
	150

	UE Speed
	3 km/h

	Resource Block Size
	1.8 MHz

	Number of Sync Resource Blocks
	6

	Sync Period, 
	5 ms

	Base Station and UE Antenna Element 
	3GPP TR 38.900 v14.0.0, Table 7.3-1

	Sector and UE Antenna Array Configurations
	Mg = Ng = M = 1, N = {1, 2, 4, 8, 16}, with 0.5 spacing.

	Beamforming Weights
	Phase shift weighting



Appendix: Simulation Results 
The section provides initial simulation results and discussions.
Angular Spread Analysis 
Beamformed systems are inherently sensitive to the spatial distribution of the transmitted signal energy, which can be quantified in terms of the RMS angular spreads.  These spreads are in turn heavily influenced by the different propagation condition (i.e. line of site (LOS) or non-line of site (NLOS)).  Within each of these conditions the departure and arrival angular spreads will also vary.  The azimuth angular spreads were computed for the UMi-Street Canyon scenario via TR 25.996 Annex A and are shown in Figure 6.  Various percentiles are also shown in Table 3 for clarity.


[image: ]
[bookmark: _Ref462829809]Figure 6. Departure/Arrival RMS Angular Spread (LOS/NLOS)

[bookmark: _Ref462833784]Table 3. Angular Spread Percentile
	Percentile
	ASD LOS 
	ASD NLOS
	ASA LOS
	ASA NLOS

	10%
	4.5
	11.2
	
	28.5

	50%
	
	21.7
	35.8
	52.2

	90%
	50.6
	79.2
	74.2
	103.6

	Mean
	22.7
	
	
	




As shown in Figure 6, NLOS has a wider angular spread than LOS condition. Additionally, the arriving signal has a wider angular spread than the departing signal. These observations are summarized in Table 3.   

Antenna Element and Antenna Array Radiation Patterns 
The radiation patterns, most importantly the beam widths and gains, used at the BS and UE will also influence system performance. For the simulations contained herein we used the antenna element radiation pattern as specified in 3GPP TR 38.900 for both the BS and UE. The resulting azimuth radiation pattern is shown in Figure 7.  Figure 7 also shows the azimuth radiation pattern for the four different array configurations used in our simulations.  


[image: ]
[bookmark: _Ref462830849]Figure 7. Element Pattern and Antenna Array Gain

In Figure 7, the antenna element gain and 3dB beam width are shown to be 8 dB and 65 as specified in 3GPP TR 38.900. In addition, the array gains are shown to vary according toand the beam widths according to ~where N is the number of elements in the arrays. 

SNR Analysis
To evaluate the SNR performance of the initial access procedure under different propagation conditions and antenna configurations simulations were performed for a single beam sweep iteration and the maximum beam pair SNR was selected. As shown in Table 2 the 5G UMi-Street Canyon channel model was used. To make the analysis more clear we set all UEs to be outdoor, forced all UEs to be either in the LOS or NLOS condition, and dropped them uniformly across a single 3-sector cell site.  The results were compiled for different antenna array configurations and are shown in Figure 8, along with key metrics tabulated in Table 4.

     


[bookmark: _Ref462920606]Figure 8. Maximum SNR for Different Tx/Rx Array Configurations


[bookmark: _Ref462849632][bookmark: _Ref462920628]Table 4. SNR Percentiles for Figure 8
	
	LOS, Rx Array = 1x1
	
	NLOS, Rx Array = 1x1
	

	Tx Array
	1x2
	1x4
	1x8
	1x16
	216 Gain
	1x2
	1x4
	1x8
	1x16
	216 Gain

	10%
	37.6
	40.5
	43.3
	45.6
	8
	16.8
	20.2
	21.6
	22.6
	5.8

	50%
	54.5
	56.7
	59.6
	61.2
	6.7
	35.7
	38.6
	40.4
	41.2
	5.5

	90%
	68.8
	71.6
	74.4
	76.6
	7.8
	52.2
	55
	56.5
	57.7
	5.5

	Mean
	53.8
	56.5
	59.5
	61.6
	7.8
	35
	37.7
	39.8
	41
	6

	
	LOS, Tx Array = 1x1
	
	NLOS, Tx Array = 1x1
	

	Rx Array
	1x2
	1x4
	1x8
	1x16
	216 Gain
	1x2
	1x4
	1x8
	1x16
	216 Gain

	10%
	37.8
	39.3
	42
	44.5
	6.7
	16
	17.6
	20.6
	21.9
	5.9

	50%
	53
	53.9
	56.2
	59
	6
	35.7
	37.4
	39.9
	41.1
	3.7

	90%
	68.7
	71.6
	74.9
	76.8
	8.1
	51.3
	54.4
	55.3
	56.3
	5

	Mean
	53.4
	55.4
	57.8
	60.1
	6.7
	34.8
	37
	39
	40.3
	5.5




The following may be concluded from these results, 
1) An increased array gain has a larger impact for LOS compared to NLOS propagation condition. This may be likely due to the smaller angular spread in LOS condition allowing for significant percentage of energy to be more contained in a thinner beam. 
2) In a LOS propagation condition an increase in the Tx array gain has a better performance than increasing the Rx array gain for low to medium SNRs. For a high SNR the performance is similar. 
3) In a NLOS propagation condition increasing the Tx array gain or Rx array gain obtains a similar performance.
Using these results a second set of simulations were performed using a fixed 1x16 array at the TRP and varying the array size at the UE. In addition two different scenarios were used to compare the extreme operating conditions of LOS with high SNR and NLOS with relatively low SNR. For the first scenario (LOS/high SNR) UEs were restricted to the cell center, i.e. between 10m and 30m from the base station, and forced to have a LOS propagation condition. For the second scenario (NLOS/low SNR) UEs were restricted to the cell edge, i.e. between 90m and cell edge, and forced to have a NLOS propagation condition. The results were compiled for different antenna array configurations and are shown in Figure 9, along with key metrics tabulated in Table 55.

          


[bookmark: _Ref462849475]Figure 9. Maximum SNR for Fixed Tx Array and Different Rx Array Configurations


[bookmark: _Ref462920913][bookmark: _Ref462920908]Table 5. SNR Percentiles for Figure 9
	Cell Centre, Tx Array = 1x16
	Cell Edge, Tx Array = 1x16

	Rx Array
	1x1
	1x2
	1x4
	1x8
	1x16
	116 Gain
	1x1
	1x2
	1x4
	1x8
	1x16
	116 Gain

	10%
	54.3
	55.7
	56.8
	59.8
	62.7
	8.4
	17.3
	17.3
	18.3
	21.4
	24.5
	7.2

	50%
	70.8
	72.4
	74.2
	76.6
	78.8
	8
	35.1
	36.6
	38.7
	41
	42
	6.9

	90%
	83.4
	85.8
	88.7
	92.3
	94.3
	10.9
	47.4
	50
	51.4
	53.5
	54
	6.6

	Mean
	70.1
	71.3
	73.5
	76.8
	79.3
	9.2
	33.6
	35.1
	36.8
	39.1
	40.6
	7
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