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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 broadcast channel and system information transmission. In addition, in the RAN1 meeting NR Ad-Hoc [3] the following were agreed: 
Agreement:
· No blind detection of NR-PBCH transmission scheme or number of antenna ports is required by the UE
· For NR-PBCH transmission, a single fixed number of antenna port(s) is supported
· For NR-PBCH transmission, a single one of the following transmission schemes is supported; down-selection will be done in RAN1#88 to one of the following transmission schemes:
· Alt.1: Two antenna port based SFBC
· Alt.2: Two antenna port based precoder cycling
· Alt.3: Single antenna port based transmission scheme 
· For reference signal of NR-PBCH demodulation, down selection will be done in RAN1#88 to one of the following: 
· Alt.1: Synchronization Signal (e.g. NR-SSS)
· Alt.2: Self-contained DMRS 
· NOTE: It does not preclude additional channel estimation aid from synchronization signal.
· Alt.3: MRS multiplexed in an SS block, if MRS is supported in an SS block.
· Numerology: FFS whether NR-PBCH is the same as NR-SSS – decision to be taken at RAN1#88

It was also agreed that Polar Coding and TBCC will be used for channel coding as part of simulation assumptions for NR-PBCH.
In this contribution, we discuss some design principles for multi-beam based NR-PBCH transmission and related observations for NR-PBCH transmission for single and multi-beam initial access.
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NR-PBCH Multi-antenna Transmission
In NR, both single antenna and multi-antenna technologies may be used for transmission of NR-PBCH. Single antenna port transmission may also be considered due to its simplicity while multi-antenna technologies such as two antenna port SFBC or precoder cycling may be used to improve the overall performance. 
In high frequency band NR transmission (such as above 6 GHz transmission), both analogue beamforming technology based multi-beam transmission and hybrid schemes that combine digital and analogue beamforming technologies may be considered.
The transmission of NR-PBCH may be based on transmit diversity schemes like two antenna port space frequency block code (SFBC). In high frequency bands, the transmission on each port may be associated with multiple antenna elements, and the analog beamforming on each port could be used for further diversity and beamforming gain. The analog beamforming could adjust beam direction and beam width for each antenna port in the SFBC scheme. The control of the analog beamformer may depend on prior knowledge of the UE geographic distributions if such information is provided or known.
The transmission of NR-PBCH may be based on precoder cycling in which a precoder using large delay CDD or small delay CDD across two antenna ports may be supported. Precoder cycling patterns can be performed in time and/or frequency. The NR-PBCH signal (channel) and self-contained DMRS within NR-PBCH signal (channel) may use the same precoder sets and apply the same precoder cycling patterns with the gNB or TRP performing digital beam sweeping in time and/or frequency. In high frequency bands, precoder cycling may be combined with an analogue multi-beam based scheme for NR-PBCH transmission. 

Proposal 1: NR-PBCH may use single antenna port or two antenna ports such as SFBC or precoder cycling for transmission. Multi-beam scheme using analog beamforming may be considered in case of single antenna port transmission or considered in combination with SFBC or precoder cycling in case of two antenna port transmission.

NR-PBCH Reference Signal
NR-SS may be used as reference signal for NR-PBCH demodulation. In order to use NR-SS as reference signal for NR-PBCH demodulation, time-division multiplexing (TDM) of NR-SS and NR-PBCH may be preferred.
Alternatively a reference signal that is dedicated to the NR-PBCH may be used. This reference signal may be self-contained within the NR-PBCH signal (channel) in which even without any additional reference signal, NR-PBCH signal (channel) may still be able to be demodulated. This NR-PBCH dedicated demodulation reference signal (DMRS) may be multiplexed and embedded within NR-PBCH signal resources and may be used for NR-PBCH demodulation. 
An NR-PBCH dedicated DMRS with two antenna ports is depicted in Figure 1. In option 1 the repeated NR-PBCH dedicated DMRS are placed in the same frequency location or subcarriers for each antenna port in order to assist CFO estimation. In option 2 another pattern for NR-PBCH DMRS is used in which DMRS for two antenna ports are placed in the different frequency location or subcarriers to cover other frequency locations or subcarriers or obtain frequency coverage or diversity. 
[image: ]
[bookmark: _Ref473648247][bookmark: _Toc473902074]Figure 1: NR-PBCH dedicated demodulation reference signal (two antenna port)


Proposal 2: Either NR-SS or dedicated self-contained DMRS may be used for NR-PBCH demodulation. Joint NR-SS and self-contained DMRS may also be considered for NR-PBCH demodulation.

NR-PBCH Channel Coding
It was agreed that Polar Coding and TBCC will be used for channel coding as part of the simulation assumptions for NR-PBCH. An NR-PBCH transmit structure employing a Polar encoding scheme for a small payload size may provide better performance and coding gain when compared with other encoding schemes. The gain provided by the Polar code for NR-PBCH may increase the coverage of NR-PBCH transmission and reception, or accommodate extra bits in the payload, while maintaining the same performance for the NR-PBCH. These extra bits may be used for additional system information, e.g., parameters related to multi-beam or system configuration. Polar coding has already been adopted as the channel coding scheme for uplink control information (UCI) carried in uplink control channel e.g., NR-PUCCH or NR-PUSCH. Polar coding has also already been adopted for the channel coding scheme for downlink control information in downlink control channel e.g., NR-PDCCH in NR. As such, it is natural to also adopt Polar coding as the channel coding scheme for other types of control information or control channels such as the broadcast channel. The use of Polar coding for NR-PBCH, in addition to UCI and DCI, may achieve a single unified channel coding scheme for all control channels.

Proposal 3: Polar coding should be considered as the channel coding scheme for NR-PBCH.

NR-PBCH Payload and Contents
NR-PBCH may have relatively small payload sizes to carry part of the minimum system information. The contents of the NR-PBCH may include at least part of the system frame number (SFN), configuration information for initial uplink transmission or system information transmission and CRC. In case SS block is explicitly indicated in NR-PBCH, NR-PBCH contents may also include timing information for SS block such as SS block index. The number of bits used to indicate SFN may be for further study. The exact number of bits specified for SFN may depend on the SFN indication method. Some of the SFN may be indicated explicitly and some of the SFN may be indicated implicitly. The exact number of bits for the CRC may also be for further study. 
The SS block index may be used by the UE to derive the symbol index or slot index in a radio frame. A one time index may be used for every SS-block within an SS-burst set. Or a one time index that is specific to each SS-block may be used within an SS-burst, and an SS burst index that is specific to each SS burst may be used within an SS-burst set. The SS burst index is common across SS blocks in each SS-burst and may be indicated using implicit or explicit indication by NR-PBCH, NR-SS, or additional NR-PBCH or NR-SS if an additional PBCH or SS is introduced. However additional signal is to be determined if this is necessary.  
  
Proposal 4: NR-PBCH contents may include SFN, configuration information for initial UL transmission or system information transmission, and CRC. In case SS block index is explicitly indicated in NR-PBCH, NR-PBCH contents may also include SS block index.

Beam-centric Transmission of the System Information
In a beam-based system, the DL response to initial UL transmission or DL transmission of system information transmission may be based on all or a subset of the beams in a beam sweep. Initial UL transmission may provide information to the TRP to enable advanced beam-based schemes. 
Hierarchical- based selective beam sweep Scheme for NR-PBCH
A selective beam sweeping scheme using a subset of beams for transmission of system information was evaluated in [4] and a performance gain due to the use of selective beam sweeping was shown. A hierarchical beam sweep scheme that occurs simultaneously at the TRP or UE was also evaluated [5]. 
The combination of selective beam sweeping with TRP and UE hierarchical procedures may further enhance the performance, and reduce the overhead, latency, and processing power. In this scheme, a two-stage procedure may be used. For example, stage 1 may transmit NR-PBCH using all beams in all directions and use wide beams for the NR-PBCH transmission. Stage 2 may transmit subsequent DL channels in a subset of beams and use narrow beams for the subsequent DL channel transmission. Note that the subsequent DL channel transmission may be a DL response channel transmission or transmission of other channels that may carry system information.
The hierarchical-based selective beam sweep scheme is shown in Figure 2.  
Stage 1 Sweep:
· TRP: Transmits  wide beams for each sync burst.
· UE:  Receives using one of  wide beams for each sync burst.
Stage 2 Sweep:
· TRP: Transmit using narrow beams contained within the wide beam for all UEs where L may represent a subset of beams and 
· UE: Receive using narrow beams contained within the detected wide beam.

As mentioned, the above procedures may combine the TRP selective beam sweep, TRP-based hierarchical beam sweep, and UE-based hierarchical beam sweep in order to take full advantage of SINR performance gains, reduce overhead and latency, and save processing power. 
The selective beam sweep may be enabled in stage 2 where each TRP may only transmit from the wide beams. This operation may reduce interference, especially for non-uniform UE distributions. The TRP-based hierarchical beam sweep may be enabled to reduce overhead and processing power by using a smaller number of wider beams in stage 1 and only the selected narrow beams in stage 2. Finally, the UE-based hierarchical beam sweep may be enabled to substantially reduce  latency  since only sync bursts are used to complete a sweep. In stage 2 only the narrow beams contained within the detected wide beam are used, providing additional savings on processing power.    



[bookmark: _Ref471474333]Figure 2. Hierarchical based Selective Beam Sweeping

The initial UL transmission may serve as UE feedback to provide information to enable selective beam sweeping or hierarchical beam sweeping. For example, UE beam-location profile or information for the desired beam may be provided during initial UL transmission. 
Simulation Results and Discussions
System level simulations were performed for hierarchical based selective beam sweep. The TRP-based hierarchical beam sweep and UE-based hierarchical beam sweep are as described previously. The first and second stage association SINR is used as the primary metric for performance comparison. Simulation assumptions are provided in Table 2. Both hierarchical procedures were simulated using uniform and non-uniform UE distributions. For the simulations, a beam-pair corresponding to the maximum SINR for each UE is selected for each stage. The CDF of this “association SINR” is shown in Figure 3, with corresponding percentiles shown in Table 1. Note that since the effect of the selective beam sweep is observable only in stage 2, the stage 1 SINRs are similar for uniform and non-uniform UE distributions.  Further note that the gains of stage 2 compared to stage 1 are primarily due to the use of narrow beams at the TRP and UE, with additional gains possible via the selective beam sweep. Further insights are provided below.   
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[bookmark: _Ref471475475]Figure 3. Hierarchical Selective Beam Sweep Procedure Performance Comparisons

[bookmark: _Ref471499968]Table 1. SINR Percentile for Figure 3
	Sweep Stage
	Stage 1
	Stage 2

	UE Distribution
	Uniform
	Non-uniform
	Uniform
	Non-uniform

	10%
	10.7
	10.9
	18.7
	22

	50%
	16.7
	16.6
	30.9
	34

	90%
	22.3
	22
	40.8
	43.8

	Mean
	16.7
	16.6
	30
	33.4



Observation 1: The performance gain is mainly due to 1) enhanced signal strength because of both Tx and Rx beamforming gain by narrower beams at TRP and UE, and 2) reduced interference because of disabled TRP Tx beams, the narrower TRP Tx beam and UE Tx beam. SINR can be improved when some allowable beams are turned off during beam sweep processing. 
Observation 2: 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.

Proposal 5: System information or broadcast channel transmission may be based on all or a subset of the beams in a beam sweep. NR should study initial UL transmission that enables advanced beam-based schemes for system information delivery.

Conclusions
In this contribution, we discussed and evaluated the downlink broadcast signal and channel transmission for initial access for a beam-based approach in NR. We have the following proposals:
Proposal 1: NR-PBCH may use single antenna port or two antenna ports such as SFBC or precoder cycling for transmission. Multi-beam scheme using analog beamforming may be considered in case of single antenna port transmission or considered in combination with SFBC or precoder cycling in case of two antenna port transmission.
Proposal 2: Either NR-SS or self-contained DMRS may be used for NR-PBCH demodulation. Joint NR-SS and self-contained DMRS may also be considered for NR-PBCH demodulation.
Proposal 3: Polar coding should be considered as the channel coding scheme for NR-PBCH.
Proposal 4: NR-PBCH contents may include SFN, configuration information for initial UL transmission or system information transmission, and CRC. In case SS block index is explicitly indicated in NR-PBCH, NR-PBCH contents may also include SS block index.
Proposal 5: System information or broadcast channel transmission may be based on all or a subset of the beams in a beam sweep. NR should study initial UL transmission that enables advanced beam-based schemes for system information delivery.
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Appendix: Evaluation assumptions

[bookmark: _Ref465929413]Table 2. 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
	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): Wide Beam = (1,3,2,1,1), Narrow Beam = (1,16,2,1,1)  
(dv, dH) = (0.5, 0.5)λ

	UE Antenna Configurations
	(M, N, P, Mg, Ng): Wide Beam = (1,2,2,2,1), Narrow Beam = (1,8,2,2,1) 
(dv, dH) = (0.5, 0.5)λ
(dgv, dgH) = (0.0, 0.0)λ


	Beamforming Weights
	Phased Weighting

	Sector Beam Directions (Azimuth Only)
	Wide Beams = [-45, -15, 15, 45] 
Narrow Beams = [-60, -52, -44, 36], [-28, -20, -12, -4], [4, 12, 20, 26],  [36, 44, 52, 60] 

	UE Narrow Beam Directions Per Panel (Azimuth Only)
	Wide Beams= [-30, 30] 
Narrow Beams = [-55, -45, -35, -25, -15, -5], [5, 15, 25, 35, 45, 55]

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