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1. Introduction & Background

In RAN1#75, the study item of NR based access to unlicensed spectrum was agreed [1].  In RAN1#92, the deployment scenarios of the unlicensed spectrum operation are agreed as below [2]:
Agreement:
Study the additional functionality needed beyond the specifications for operation in licensed spectrum in the following deployment scenarios. 

· Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)

· NR-U SCell may have both DL and UL, or DL-only.

· Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)

· Stand-alone NR-U
· An NR cell with DL in unlicensed band and UL in licensed band
· Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)
In the different scenarios, physical layer channels may require further enhancements to adapt to the uncertainty of the channel availability in the unlicensed spectrum. In RAN1#92bis，the following physical channels/signals were agreed to be studied in the NR-U [3].

Agreements:
· Study the design changes needed to support the following channels /signals in NR-U
· PDCCH/PDSCH

· PUCCH/PUSCH

· PSS/SSS/PBCH

· PRACH

· DL and UL reference signals applicable to the operational frequency range
In this contribution, we discuss the design of physical layer DL channels in the unlicensed spectrum.
2. Physical layer DL channels in NR unlicensed spectrum
In the unlicensed spectrum, the PDCCH and PDSCH are mandatory for DL data transmission in all kinds of scenarios such as CA, DC and standalone operation. In the standalone operation, the SSB is addtionaly required for synchronization.
1.1. PDCCH
In the licensed assisted access to the unlicensed spectrum with carrier aggregation, cross carrier scheduling from licensed spectrum is supported. The PDCCH is transmitted in the licensed spectrum, no special design is required. When self-scheduling is employed, the PDCCH transmission in the unlicensed spectrum should be enabled. Due to the uncertainty of the channel availability subject to LBT, the channel may become available at any time. In order to make full use of the channel resources, the PDCCH should be able to be transmitted at any symbol within a slot. In LAA, an additional starting position in symbol 7 is introduced to increase the transmission possibility. In NR, gNB can configure symbol level PDCCH monitoring occasion for UE operating on unlicensed carrier. In frequency domain, the CORESET can be configured as non-contiguous RBs so that PDCCH transmissions can fulfill the OCB requirement even when few UE is scheduled at the same time. Therefore, Rel-15 design of PDCCH structure and search space can be used for unlicensed band operation and no further change seems needed. 
1.2. PDSCH
Similar as PDCCH, the PDSCH is required to be transmitted at any OS within a slot to fully utilize the channel resources. In frequency domain, PDSCH RA type 0 (i.e. bitmap based) can be used to meet the OCB requirement by allocating distributed RBs for a single PDSCH transmission. In time domain, mini-slot transmission can be used to more efficiently utilize the spectrum resource after successful LBT. In Rel-15, a mini-slot based PDSCH transmission (PDSCH mapping type B) can start from any OFDM symbol within a slot and cannot across slot boundary. However, in Rel-15, PDSCH mapping type B can only support a restricted set of transmission durations, i.e. 2/4/7 OFDM symbols. Such restriction will limit the flexibility in unlicensed spectrum utilization. Therefore it is proposed to support same flexibility as PUSCH mapping type B, i.e. a PDSCH mapping type B transmission can support any duration from 1 OFDM symbol to 14 OFDM symbols. 
Proposal 1: PDSCH mapping type B should support any transmission duration from 1OFDM symbol to 14 OFDM symbols.  

1.3. SSB

In either non-standalone or standalone NR-U operation, SSB should be transmitted for synchronization, measurement and initial access. The current SSB patterns are illustrated in Figure 1. 
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Figure 1 SSB patterns

In order to transmit SSB in the unlicensed spectrum, LBT should be performed immediately before the SSB transmission. As shown in figure 1, in 15 kHz SSB and 30 kHz SSB pattern 2, there is a gap before each SSB where LBT can be performed. However, for 30 kHz SSB pattern 1 and 120/240kHz SSB patterns, there is no gap between adjacent SSBs thus the LBT resource should be considered. 
For 30 kHz SSB pattern 1, as it will be operated on below 6GHz frequencies where beam specific LBT is not required, therefore it is possible to perform LBT before the two adjacent SSBs, and then gNB transmits the two SSBs when the channel is idle. As shown in figure 1, the LBT can be performed at the gap before SSB1 and/or SSB 3. For 120/240 kHz SSB at mmWAVE, since analog beamforming is required, individual LBT has to be performed for each SSB if different analog beams are to be used. However, current SSB pattern does not provide LBT gap between adjacent SSBs thus further consideration is required. 
The first solution is to design new patterns for the SSB in unlicensed spectrum using 120/240kHz which allows LBT gap between SSBs. An example pattern for 240kHz SSB is shown in Figure 2. In every 4 slots, 4 SSBs are equally spaced, and LBT is performed in the OSs immediately before the SSB. gNB needs about 10us for each TX<->RX transition, i.e. from the SSB transmission to channel sensing, and from channel sensing to SSB transmission. There should be two transient time between consecutive SSBs, i.e. Tx to Rx and Rx to Tx which can be up to 20us, corresponds to 4OS in 240kHz SCS. The transient time should be taken into account when reserving OSs for LBT gap. Compared with the 240 kHz SSB pattern in Figure 1, twice of the time will be required to transmit the same number of SSBs. For example, 4 ms are needed to transmit 64 SSBs using the new SSB pattern. 
The second solution is to maintain the current SSB pattern, but allows only a subset of SSBs to be transmitted. Other SSBs are not transmitted and can be used as LBT gap. For example, in the 240 kHz SSB pattern, the OSs of SSB2 and SSB3 may need to be used for the LBT of SSB4. The LBT of SSB1 can be performed in symbol #0~7 as shown in Figure 3.
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Figure 2: 240kHz SSB pattern in unlicensed band
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Figure 3: LBT for 240kHz SSB pattern
Proposal 2: SSB transmission in the unlicensed spectrum should be further studied due to LBT. 
1.4. System information
In the licensed-assisted access operation, the system information is always sent in the licensed spectrum. Therefore, the delivery can be ensured and UE can always detect the system information. However, in the standalone operation, all the information should be sent in the unlicensed spectrum. The uncertainty of the channel availability due to LBT may block the transmission. Therefore, enhanced channel access schemes or transmission schemes should be investigated to ensure the transmission of the cell essential channels, including SSB, RMSI, OSI and Paging. For example, one shot LBT for DRS in LTE LAA can also be applied to the SSB transmission. Before each SSB transmission, only a 25us LBT is performed, if the channel is detected as IDLE within the 25us, gNB is allowed to transmit the SSB. In addition, the channel access scheme for RMSI, OSI and paging delivery should also be studied. 

Proposal 3: Enhanced channel access scheme or transmission scheme should be studied for SSB, RMSI, OSI and paging delivery for the standalone operation in the unlicensed spectrum.
Generally speaking, the load of the unlicensed carrier changes frequently than licensed carrier, since the load is contributed by multiple operators or systems using unlicensed spectrum. As a result, an NR standalone cell over unlicensed spectrum may have to frequently change its radio configuration, e.g. RACH configuration using system information change procedure, to adapt the constantly 

 HYPERLINK "file:///C:\\Users\\vivo\\AppData\\Local\\youdao\\dict\\Application\\7.5.0.0\\resultui\\dict\\?keyword=changing" changing load. As mentioned above, unlicensed NR cell has to broadcast its own SI on the Uu for standalone operation. And the current SI modification window based SI update mechanism on Uu interface may not work well for dynamic SI change as the SI could not be timely updated due to LBT failure. Some enhancements on SI updated mechanism, e.g. including multiple configurations for different load in SI，network dynamically indicates UE which configuration is applied, may be considered if the legacy SI updated procedure is considered not efficient for the standalone operation in the unlicensed spectrum.
Proposal 4: Some enhancements on SI updated mechanism may be considered if the legacy SI update procedure is considered not efficient for the standalone operation in the unlicensed spectrum.
3. Conclusion

In this contribution, we discussed the physical layer DL channel design for unlicensed spectrum. The following proposals are given:

Proposal 1: PDSCH mapping type B should support any transmission duration from 1 OFDM symbol to 14 OFDM symbols.  
Proposal 2: SSB transmission in the unlicensed spectrum should be further studied due to LBT.

Proposal 3: Enhanced channel access scheme or transmission scheme should be studied for SSB, RMSI, OSI and paging delivery for the standalone operation in the unlicensed spectrum.

Proposal 4: Some enhancements on SI updated mechanism may be considered if the legacy SI update procedure is considered not efficient for the standalone operation in the unlicensed spectrum.
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