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1. Introduction

This contribution mainly discusses potential enhancements to DL channel and reference signals for NR deployment on unlicensed spectrum, including SSB transmission, pre-signal design and DL BWP operation.

2. SSB transmission 
For NR deployment in unlicensed spectrum, both standalone and LAA scenarios are considered, and the transmission of SSB in unlicensed spectrum should be studied accordingly to support initial access as well as RRM/RLM measurement. In the RAN1 meeting #93, it is approved that [1]:
Agreement:
· NR-U should have a signal that contains at least SS/PBCH block burst set transmission

· FFS: Other channels and signals transmitted together as part of the signal

· The design of this signal should consider the following characteristics specific to unlicensed band operation

· There are no gaps within the time span the signal is transmitted at least within a beam

· FFS: Whether any gaps are needed for beam switching and, if needed, their duration

· The occupied channel bandwidth is satisfied (although this may not be a requirement)

· Strive to minimize the channel occupancy time of the signal

· Characteristics that may facilitate fast channel access
Agreement: 

· Initial active DL/UL BWP is approximately 20MHz for 5GHz band

· The final value will be quantized to number of PRBs

· Initial active DL/UL BWP is approximately 20MHz for 6GHz band if similar channelization as 5GHz band is used for 6GHz band

· FFS: Initial active DL/UL BWP for other applicable bands, including 60GHz

According to the agreements, the OCB (occupied channel bandwidth) should be satisfied for SSB transmission although this may not be a requirement. Since the initial active BWP is approximately 20MHz for 5GHz band and the bandwidth for NR SSB is 20PRB (or 3.6MHz/7.2MHz assuming the SCS of SSB is 15kHz/30kHz), the OCB requirement cannot be satisfied if NR SSB is reused at least for SSB alone transmission case. On the other hand, the maximum transmit power of the NR SSB is restricted due to the maximum transmit power density limit. Therefore, some enhancements to NR SSB are needed for SSB transmission in unlicensed spectrum. 
One option is to transmit multiple SSBs in FDM manner on the same slot within the initial active DL BWP to meet the OCB requirement and to increase the SSB transmit power. For simplicity, those multiple SSBs can be duplicated and have the same time index. The following Figure 1 shows an example of duplicated SSBs transmission in a cell.
Another option is to use a larger SCS for the SSB transmission. For example, introduce 60kHz SCS for SSB transmission for 5GHz band, then the bandwidth will be 14.4MHz and the maximum SSB transmit power will be increased compared to SSB transmission with 15kHz and 30kHz SCS.  
The third option is to introduce FDM multiplexing pattern for SSB and the corresponding RMSI PDCCH/PDSCH for 5GHz band, which may additional have the benefits of minimizing the channel occupancy time of SSB and RMSI transmission.
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Figure 1: Duplicated SSB transmission in frequency domain
Proposal 1: Enhancements to SSB transmission in NR-U system should be studied to meet the OCB requirement and to increase the SSB transmit power. 
Although SSB transmission should be supported for both standalone and LAA scenarios, the actual transmitted information/structure may be different in different scenarios. In standalone scenario, the SSB transmission should be associated with a Type0-PDCCH so that UE can complete initial access procedure in unlicensed spectrum. In LAA scenario, however, the initial access procedure is achieved in licensed carrier and it seems no need to transmit Type0-PDCCH within a SSB transmission burst in unlicensed carrier. So the actual transmitted information within a SSB occasion should depend on the deployment scenarios.
Proposal 2: The actual transmitted information within a SSB occasion should depend on the deployment scenarios. 
3. Pre-signal design
In the RAN1 meeting #93, it is agreed that [1]:
Agreement:
· Benefits of using a signal that facilitates its detection with low complexity can be investigated including all/part of the following scenarios/use cases: 

· UE power saving

· Improved coexistence

· Spatial reuse at least within the same operator network 

· Serving cell transmission burst acquisition

· FFS: further usage scenarios

Since it is observed that using a signal (here we call it pre-signal considering normally it should be transmitted before a transmission burst) could obtain so many benefits, it is worthy to introduce such a pre-signal. 
Some characteristics should be considered for pre-signal design. For example, the pre-signal symbol should be shortened as much as possible to decrease UE detection complexity if the cell coverage and the multi-path delay requirements satisfied. To construct a shortened pre-signal symbol, two options can be considered. If the SCS of the DL BWP is large, i.e., 60kHz, the mapping of the pre-signal symbol in frequency domain could be continuously with this SCS. If the SCS of the DL BWP is small, i.e., 15kHz, the mapping of the pre-signal symbol in frequency domain could follow the mapping rule of Wi-Fi preamble, i.e., the elements are mapped onto interlaced subcarriers.
On the other hand, the pre-signal could carry extra information, for example, Cell ID, PLMN ID, burst end indication, COT duration and so on, to facilitate UE to identify DL transmission burst of serving cell. 
Proposal 3: Introduce pre-signal for NR-U to facilitate DL detection with low complexity. 
4. DL BWP operation 
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. The BWP size should be quantized to number of PRBs similar to initial active BWP. In addition, multiple active DL BWPs should be supported in NR-U and guardband at each side of one active BWP should be reserved not for data transmission to avoid causing interference to Wi-Fi or LAA-LTE systems, as shown in Figure 2. 
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Figure 2: Illustration of BWP configuration with guardbands
Proposal 4: Support multiple active DL BWPs with guardbands reserved for each BWP in 5GHz unlicensed band.

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 support dynamic BWP transmission subject to subband-based carrier sensing to maximize the band utilization efficiency. Figure 3 gives an example.
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Figure 3: Illustration of dynamic subband transmission subject to subband-based LBT
Proposal 5: Support dynamic subband transmission for DL BWP operation. 
5. Conclusions
In this contribution, considerations on DL channel and reference signals design aspects for NR-based access to unlicensed spectrum are discussed. The following proposals are made.
Proposal 1: Enhancements to SSB transmission in NR-U system should be studied to meet the OCB requirement and to increase the SSB transmit power. 

Proposal 2: The actual transmitted information within a SSB occasion should depend on the deployment scenarios. 
Proposal 3: Introduce pre-signal for NR-U to facilitate DL detection with low complexity. 
Proposal 4: Support multiple active DL BWPs with guardbands reserved for each BWP in 5GHz unlicensed band.

Proposal 5: Support dynamic subband transmission for DL BWP operation. 
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