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Introduction
It was agreed in the RAN1 meeting #85 [1] that both multi-beam based and single-beam based approaches should be studied for the broadcast channel and system information delivery. In addition, it was agreed in the RAN1 meeting #86 [2] that the initial access should consider the options of i). dynamic signalling; ii). semi-static signalling; iii). without signalling. Furthermore, it was agreed in the RAN1 meeting #86bis [2] that NR should define at least one broadcast channel: NR-PBCH. 
In this contribution, we discuss some design principles and evaluate the performance for multi-beam based PBCH and system information transmission for initial access in NR.
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Minimizing Beam Sweep Power, Overhead, Interference and Latency
The NR PBCH transmission design may use a beam sweep procedure to minimize overhead, interference, and latency. NR PBCH should consider allowing an independent configuration of the PBCH beams participating in the beam sweep. This will allow for minimizing the number of PBCH beams that may participate in a beam sweep procedure. 
In a scheme shown in Figure 1, a selective beam sweep, using a full beam sweep burst for the PBCH is depicted. PBCH transmission beams are not cycled through the entire beam sweep. Instead, the PBCH is only transmitted on a subset of the cycled beams (the PBCH transmission beams). For example, as shown in Figure 1, only beams 2, 5, and M-1 are swept through in this beam cycle (as shown in green color) and other beams are not swept through (as shown in grey color). Other beams can be swept through in subsequent beam cycles. In this case, the periodicity of the PBCH transmission beams may be different from the periodicity of the full beam sweep. However, this approach may result in higher latency compared to the full beam sweep approach described in the previous section. This latency may be reduced by the TRP transmitting multiple beams simultaneously. For example, beams 2 and 3, beams 5 and 6 and beams M-1 and M are swept through in a single beam cycle. In the case of multiple TRPs, different TRPs may coordinate and transmit multiple beams to ensure that they cover the entire service area in a manner that reduces the latency.



[bookmark: _Ref462518778][bookmark: _Toc462541966]Figure 1: Example of periodic beam hopping sweep pattern 
The configuration of the PBCH transmission beams (e.g. periodicity, beam selection, etc.) may be set based on a predetermined or aperiodic beam sweep pattern. A short PBCH transmission burst should be designed and optimized for the reduced number of beams for transmitting PBCH signal burst in the beam sweep. In another scheme, the TRP may use M beams to cover the entire desired spatial region, or it may instead cover the same spatial region with less than M beams (e.g. M/2).  With fewer beams they will be wider and hence have less directivity gain. This may be used to establish an initial setting for the beam pairing. A hierarchical type beam sweep procedure can be defined to take advantage of the different beam sizes [9]. 
A short beam sweep burst may be used to enable a following beam sweep procedure to achieve low overhead and latency. A short beam sweep burst is much shorter than a full beam sweep burst, therefore it may reduce the beam sweep overhead and potentially the latency for the UE to acquire the PBCH signal or system information. For the gNB or TRP which may deploy M beams, a full beam sweep requires it to sweep through all M beams, however a short beam sweep may only be required to sweep through K beams where .
With proper design for the PBCH, such as associating the PBCH with other transmission channels, the best downlink transmission beam for PBCH may be a good indication for another downlink transmission beam of another downlink channel. This could reduce or eliminate the beam sweep overhead for subsequent downlink transmissions.

Proposal 1:  PBCH transmission based on all or a subset of beams in a beam sweep procedure should be considered.

As mentioned previously minimizing the number of PBCH beams participating in a TRP-oriented beam sweep procedure may reduce power, overhead, and interference.  System level simulations were performed to analyse this possibility, focusing on the number of required beams for the PBCH and the resulting SINR measured by the UE.  The simulations first perform a non-hierarchical initial access procedure as in [9]. After completion of the initial access procedure the TRPs can learn, (e.g. via UE feedback), which of its beams are being used by the UEs it is serving.  With this information all other TRP beams can be disabled, hence reducing overhead, power, and interference to UEs being served by other TRPs.    
In the system simulations the SINR measured during the initial access procedure, referred to as “association SINR”, and the SINR measured after all allowable TRP beams are disabled, referred to as “post-association SINR”, are compared.  Various aspects of the system may affect the number of TRP beams that are used to serve the current UEs.  Two aspects the simulations focus on are: 1.) UE density, 2.) uniform vs. non-uniform UE distribution.  The simulations include a low, medium, and high UE density as detailed in Table 3.  In each of these cases the UEs are dropped either uniformly or non-uniformly in the cell center.  For non-uniform UE placement an angular region is defined where the UEs will be placed.  For illustrative purposes, Figure 2 shows a non-uniform and uniform UE placement example.  Note the UE density is set to be extremely high for illustrative purposes only.  Figure 3 shows the association of SINR versus post association SINR and Figure 4 shows the percentage of interfering TRPs for each of the system configurations mentioned above.  Additionally, Table 1 summarizes the SINR deltas and Table 2 summarizes the percentage of interfering TRPs for various percentiles.  



[bookmark: _Ref465860768]Figure 2. Illustration of Cell Center Uniform and Non-Uniform UE placement
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[bookmark: _Ref465938445]Table 1. SINR Delta (Post Association – Association) Percentiles for Figure 3 
	Uniformly Distributed UEs
	Non-Uniformly Distributed UEs

	UEs/Sector
	4
	10
	20
	4
	10
	20

	10%
	4.5
	2.2
	1.3
	7.8
	5.3
	3.9

	50%
	9.0
	4.0
	1.9
	12.9
	9.0
	6.0

	90%
	21.2
	8.0
	2.0
	28.3
	18.2
	10.6

	Mean
	11.1
	5.4
	2.5
	15.1
	10.4
	7.1




Observation 1: SINR can be improved when some allowable beams are turned off during beam sweep processing. 
Observation 2: Higher SINR improvement is achieveable for small UE population than large UE population since more allowable beams may be turned off in case of small UE population.
Observation 3: Higher SINR improvement is obtainable for non-uniform UE distribution than uniform UE distribution since more allowable beams may be turned off in case of non-uniform UE distribution.




[bookmark: _Ref465861404]Figure 4. Post Association Percentage of Interfering TRPs 

[bookmark: _Ref465939334]Table 2. Percentage of Interfering TRPs Percentiles for Figure 4
	Uniformly Distributed UEs
	Non-Uniformly Distributed UEs

	UEs/Sector
	4
	10
	20
	4
	10
	20

	10%
	4.8
	16.5
	39.7
	4.3
	12.2
	20.6

	50%
	32.1
	65.1
	87.4
	23.0
	35.1
	47.0

	90%
	55.0
	81.8
	93.9
	43.8
	57.1
	73.7

	Mean
	32.5
	57.6
	75.3
	24.1
	35.6
	46.7



Observation 4: More interfering TRPs can be reduced for non-uniform UE distribution than uniform UE distribution since more allowable TRP beams may be turned off in case of non-uniform UE distribution, particularly the higher percentage of interfering TRPs can be significant reduced when UE population is large.

SYNC to Assist PBCH Transmission
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 2: Association of SYNC and PBCH should be considered to reduce the beam sweep overhead in NR.

Conclusions
In this contribution, we discussed and evaluated the downlink broadcast channel design for initial access for a beam-based approach in NR. Based on the analysis and simulations results, we have the following observations:
Observation 1: SINR can be improved when some allowable beams are turned off during beam sweep processing. 
Observation 2: Higher SINR improvement is achieveable for small UE population than large UE population since more allowable beams may be turned off in case of small UE population.
Observation 3: Higher SINR improvement is obtainable for non-uniform UE distribution than uniform UE distribution since more allowable beams may be turned off in case of non-uniform UE distribution.
Observation 4: More interfering TRPs can be reduced for non-uniform UE distribution than uniform UE distribution since more allowable TRP beams may be turned off in case of non-uniform UE distribution, particularly the higher percentage of interfering TRPs can be significant reduced when UE population is large.

Based on the observations, we have the following proposals:
Proposal 1: PBCH transmission based on all or a subset of beams in a beam sweep should be considered.
Proposal 2: Association of SYNC and PBCH should be considered to reduce the beam sweep overhead in NR.
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Appendix: Evaluation assumptions

[bookmark: _Ref465929413]Table 3. 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
	Low density = 4, Medium density = 10, High density = 20

	UE distribution 
	1.) Uniformly distributed in cell center between 10 and 40 m from site
2.) Non-Uniformly distributed in a 30° angular width region in the cell center between 10 and 40 m from the site 

	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) = (2,4,2,2,1)
(dv, dH) = (0.5, 0.5)λ
(dgv, dgH) = (0.0, 0.0)λ


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