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1. Introduction

In the RAN1 meeting #92bis, the following agreements regarding DL design were reached [1]:
Agreements:
· Study the design changes needed to support the following channels /signals in NR-U

· PDCCH/PDSCH

· PSS/SSS/PBCH

· DL and UL reference signals applicable to the operational frequency range

Agreement:
· For sub-7 GHz, NR-U study the SCSs, 15/30/60KHz

· Study performance difference between different SCS

· Study if an SS block design/RMSI/OSI with 60KHz SCS is needed 

· Impact on MIB and SIB1 content 

· Need for use of ECP for 60KHz

· Other considerations are not precluded. 

· Impact on support of different BWs with different SCS

In this contribution, considerations on DL channels and reference signals design aspects for NR-based access to unlicensed spectrum are discussed. 
2. Design principles 
NR-U physical layer design should inherit NR physical layer design as much as possible. For example, waveform, numerology, initial access procedures, beam management, and control/data transmission procedures, which specified in NR licensed should also be supported here. Enhancements to NR physical layer design should be developed to improve channel access opportunity and frequency utilization efficiency in unlicensed carriers.
Proposal 1: Reuse NR physical layer design as much as possible and study potential enhancements to better support NR-U transmission.
Unlike fixed subcarrier spacing (SCS) in LTE, multiple numerologies/SCSs have been introduced in NR due to wide-spread frequency spectrum, as larger SCSs can be used to support wideband operation with low implementation complexity in high frequency and smaller SCSs can be used in low frequency to maintain large coverage. On 5GHz unlicensed band, unlike using 15kHz SCS in LAA-LTE, if a larger SCS, i.e., 60kHz, is adopted in unlicensed band, the corresponding symbol duration will be shorter, the eNB would have more opportunities to access the unlicensed channel at the symbol boundary and the frequency utilization efficiency would be increased. On the other hand, 60kHz SCS makes it feasible to operate wide band, e.g., operate 80MHz as a single carrier in 5GHz band to save guard band and further increase frequency utilization efficiency. 

Proposal 2: Support 60 kHz subcarrier spacing in 5GHz unlicensed band.
Bandwidth part (BWP) configuration has been introduced in NR and should also be studied and supported in NR-U since unlicensed bands have wide-spread frequency resource and can easily be implemented with wideband operation. Unlike the flexible configuration of BWP in licensed band, the BWP configuration in unlicensed bands should consider the coexistence with LAA-LTE and Wi-Fi systems. For example, since the channel occupancy of Wi-Fi and LAA-LTE are in the unit of 20MHz in 5GHz band, the configuration of BWP in NR deployment at the same band should be in the integral multiple of 20MHz. 

Proposal 3: Support BWP configuration in the integral multiple of 20MHz in 5GHz unlicensed band.

3. DL channel/RS design 
3.1. SS/PBCH block waveform
In NR, both SS/PBCH block transmission alone and SSB transmission with PDSCH will happen. DRS transmission is an example that SS/PBCH block without PDSCH is transmitted. In LAA system, CRS as a DRS is spread over the entire carrier bandwidth. The OCB requirement can be satisfied. In NR, there is no wideband reference signals. SS/PBCH block only has 20 PRBs in frequency domain, which is lower than 5MHz. If we assume 20 MHz bandwidth for an unlicensed carrier, the OCB requirement cannot be satisfied in case of SS/PBCH block alone transmission. In NR-U, it is proposed to meet OCB requirement in case of SS/PBCH block alone transmission. 

To meet the OCB requirement, SS/PBCH block waveform can be enhanced to have wider bandwidth. Interlaced structure of SS/PBCH block waveform is not preferred considering complexity and specification efforts. It is better to reuse legacy SS/PBCH block waveform with necessary enhancement. 

Multiple duplicated SS/PBCH blocks can be transmitted together in FDM manner to meet the OCB requirement. All the duplicated SS/PBCH blocks will have the same time index, and can be used for measurement. The following Figure 1 shows an example of duplicated SS/PBCH blocks in a cell. 
For the duplicated SS/PBCH blocks transmission in different cells, the PRBs of duplicated SS/PBCH blocks can be shifted with each other to reduce interference. Figure 2 shows an example.
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Figure 1: Duplicated SS/PBCH blocks in frequency domain 
Figure 2: Duplicated SS/PBCH blocks in different cells with frequency shift

Another method to address OCB requirement is to use larger subcarrier space for the SS/PBCH blocks that are transmitted alone. That is, for an unlicensed band, the SCS of SS/PBCH block is flexible in different transmission scenario. 

In NR licensed operation, the transmission of SS/PBCH blocks and RMSI PDCCH are multiplexed. Three multiplexing patterns are shown in Figure 3. In case of standalone operation for NR unlicensed, study is needed on how to meet OCB requirement in case of multiplexing of SS/PBCH blocks and RMSI PDCCH in frequency domain, such as pattern 3.  
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Figure 3: Multiplexing patterns of SS/PBCH and RMSI transmission

Proposal 4: SS/PBCH block waveform should be enhanced to meet the OCB requirement in different transmission cases of SS/PBCH block.
3.2. PDSCH BWP operation 

Similar to NR licensed, CP-OFDM should be supported for PDSCH transmission in NR-U. Since large bandwidth part may be configured for PDSCH transmission, it is possible that one PDSCH is scheduled to occupy multiple carrier sensing subbands. In this case, it is beneficial to study dynamic BWP transmission subject to subband-based carrier sensing to maximize the band utilization efficiency. Figure 4 gives an example.
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Figure 4: Illustration of dynamic subband transmission subject to subband-based LBT
Proposal 5: Study the feasibility of dynamic subband transmission for DL BWP operation. 
4. Conclusions
In this contribution, considerations on DL channels and reference signals design aspects for NR-based access to unlicensed spectrum are discussed. The following proposals are made.
Proposal 1: Reuse NR physical layer design as much as possible and study potential enhancements to better support NR-U transmission.
Proposal 2: Support 60 kHz subcarrier spacing in 5GHz unlicensed band.
Proposal 3: Support BWP configuration in the integral multiple of 20MHz in 5GHz unlicensed band.

Proposal 4: SS/PBCH block waveform should be enhanced to meet the OCB requirement in different transmission cases of SS/PBCH block.
Proposal 5: Study the feasibility of dynamic subband transmission for DL BWP operation. 
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