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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#94 and RAN1#93, the following agreements were made on the DL Signals and Channels for NR access in unlicensed spectrum .
Agreement (RAN1#94): 
· Inclusion of the CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) associated with SS/PBCH block(s) in addition to the SS/PBCH burst set in one contiguous burst (tentatively referred to as the NR-U DRS) can be beneficial for
· Meeting OCB requirement
· Compacting signals in time domain to limit the required number of channel access and for short channel occupancy
· Support of stand-alone NR-U deployments
· Support of automatic neighbour relations (ANR) functionality in an NR-U deployment 
· Resolution of PCI confusion in an NR-U deployment
· Note: The NR-U DRS (it can be called something else in the future) can include signals and channels that are required for cell acquisition etc. and is not limited only to reference signals
· The transmission of additional signals such as OSI and paging within the NR-U DRS is allowed and can be beneficial
· Note: This does not imply that RMSI-CORESET+PDSCH and CSI-RS can only be transmitted as part of the NR-U DRS, and does not imply that these are necessarily part of all NR-U DRS transmissions.

Agreement (RAN1#93): 
· 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

In this contribution, we further discuss the DL physical channel and signals for NR-U operation.

DL Physical Channels for NR-U Operation
The only physical channels in the NR system used for License Assisted Access (LAA) are the share channels, such as PDSCH and PUSCH.  In LAA, most of UE network access controls are through the linked licensed carrier.  The carriers operating in unlicensed spectrum are used for data transmission in LAA.  Comparing to NR–U based LAA in the unlicensed band, NR-U standalone access in unlicensed spectrum would require all functions to support initial access, system information broadcast, mobility management, network access for both IDLE and CONNECT mode UEs and open interface security.   The access scheme in unlicensed spectrum is an opportunistic multiple access scheme, which the use of the spectrum for NR system access is opportunistic and to share with other systems and applications, such as WiFi.  
Several DL physical channels need to be enhanced in order to support NR system standalone operation in unlicensed spectrum is analyzed as follows.
SS/PBCH Block and RMSI
SS/PBCH block includes the 1st DL signal and 1st DL channel that needs to be detected by the UE for the network access. SS/PBCH block is also used as the RS for the RRM measurements and beam management. The channel occupancy of DL transmissions, such as PSS/SSS and other channels, is required to be 80% or more of the system BW.  The SS block configuration and associated RMSI transmission on PDSCH should ensure the occupancy of sufficient system BW.
· PSS/SSS –  UE detects the PSS/SSS and synchronizes with the network in the initial access.    For NR-LAA, UE would detect PSS/SSS from the licensed carrier. UE would synchronize with the DL timing of licensed carrier for the operation of the unlicensed carrier in LAA.  For NR-U standalone operation, the NR system needs to transmit PSS/SSS signals for UE to perform the initial access.  The periodical transmission of the PSS/SSS might not be possible all the time at scheduled transmission for NR-U standalone operation in the unlicensed band. Thus, the PSS/SSS could be skipped if the channel is not clear at the scheduled periodic transmission or transmitted at next available clear channel within a configured window period.   
· PBCH – After detecting the PSS/SSS, UE reads the PBCH and retrieves the essential system information from the broadcast channel.  The duty cycle of broadcasting the system information is designed to minimize the overhead when the radio resource is always available.   The periodical transmission of the PBCH might not be possible all the time at scheduled transmission for NR standalone operation in the unlicensed band.  The access delay would increase if the UE could not detect PSS/SSS and decode PBCH periodically.  
· PDCCH and PDSCH for RMSI;  For the operation in the unlicensed band, the periodical transmission of the SS block and RMSI might be interrupted due to no clear channel in the unlicensed band.   Since the duty cycle is 20 ms, the time for UE to detect the PSS/SSS and read the essential system information would increase if the SS block and RMSI are not persistently transmitted from gNB.  The resource allocation of PDCCH for the RMSI transmission is included in PBCH.   If PDCCH resource is allocated not in the same symbols with SS block (FDM) or at the immediate symbols following SS block (TDM), the channel might not be clear to transmit the RMSI on PDSCH during the time.   UE needs to start the procedure again.   The configuration and transmission of PDCCH and PDSCH carrying RMSI in unlicensed band need to be enhanced in order for UE to effectively detect the PSS/SSS and to access the system information.
In Rel-15, NR licensed operation supports the following three multiplexing patterns between an SSB and its associated CORESET#0:
Pattern 1: In the time domain, the SSB and its associated CORESET#0 occur in different time instances. In the frequency domain, the SSB bandwidth is overlapped by the CORESET#0 transmission bandwidth as shown in Figure 1. 
Pattern 2: In the time domain, the SSB and its associated CORESET#0 occur in different time instances. In the frequency domain, the SSB is placed either on top or the bottom of the CORESET#0 with a gap between them, as shown in Figure 2. The gap is associated with the subcarrier offset  plus one additional RB expressed in terms of the subcarrier spacing of the CORESET#0. Pattern 2 is supported in FR2 (>6GHz) only. 
Pattern 3: In the time domain, the SSB and its associated CORESET#0 occur in same time instances. The SSB is placed either on top or the bottom of the CORESET#0 in the frequency domain with a potential gap of 0 to 11 subcarriers, as shown in Figure 3. The gap is associated with the subcarrier offset . Pattern 3 is supported in FR2 (>6HGz) only. 

The initial active DL BWP is defined by a location and number of contiguous PRBs, a subcarrier spacing, and a cyclic prefix, for the CORESET#0 for Type0-PDCCH common search space.
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Figure 1. Multiplexing Pattern 1 of SSB and associated CORESET#0
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Figure 2. Multiplexing Pattern 2 of SSB and associated CORESET#0
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Figure 3. Multiplexing Pattern 3 of SSB and associated CORESET#0

To avoid the interruption of the reception of RMSI after detecting SSB, for NR-U operation, it is highly desirable that the UE can receive the SSB and RMSI together in the same slot or the same OFDM symbol. In NR, the multiplexing Pattern 2 and Pattern3 allow the SSB and RMSI are FDMed in the same slot or the same OFDM symbol. 
However, Pattern 2 and Pattern 3 are not supported for the frequency range under 6GHz in Rel-15 NR due to there seems no strong motivation to do so in NR operation for sub-6GHz operation. The situation is quite different for NR-U operation. With the transmission of PSS/SSS and RMSI is FDMed as the multiplexing pattern 2 and pattern 3, it can avoid the potential large latency in receiving the RMSI after the detection of SSB, and also for meeting the Occupied Channel Bandwidth (OCB) requirement. 
Proposal 1. NR-U operation should consider the support of the SS/PBCH block and RMSI CORESET multiplexing pattern 2 and 3 for sub-6GHz.

Paging
The purpose of the paging is to transmit the paging messages, and/or the indications to UEs about system information change, Earthquake and Tsunami Warning System (ETWS) notification and a Commercial Mobile Alert Service (CMAS) notification. The network initiates the paging procedure by transmitting the paging messages and/or the indications at the UE's paging occasions (POs). A PO is a set of PDCCH monitoring occasions and can consist of multiple time slots. In multi-beam operations, the length of one PO is one period of beam sweeping and the UE can assume that the same paging message is repeated in all beams of the sweeping pattern. The paging enhancement for NR system in the unlicensed band is to study whether the paging system should be re-designed or new UE behavior on the detection of paging indication and decoding of paging message should be specified.
A number of paging options were discussed for supporting NR paging in licensed spectrum, including 
· Option 1: Paging DCI followed by Paging Message. 
· Option 2: Paging group indicator triggering UE feedback and Paging DCI followed by Paging Message.  
· Option 3: Paging group indicator and Paging DCI followed by Paging Message. 

For Rel-15, only the first option is supported, which is similar with existing LTE paging, where the paging message is scheduled by the paging DCI and transmitted after the paging DCI in the same or different slots. For NR-U operation, Options 2 and 3 seem undesirable, because it could further increase the uncertainty of the paging message delay due to the additional LBT for the two-step paging procedure. 
Proposal 2. Rel-15 NR paging procedure can be used as the baseline for NR-U standalone operation in unlicensed spectrum.

PDCCH
For DL access, UE is configured to monitor PDCCH periodically in NR.  The UE behavior of periodical monitoring the control signals would be challenged when the PDCCH transmission is not transmitted exactly at the configured time.  The network access procedures in unlicensed bands need to be redesigned for the access in the unlicensed spectrum.
Proposal 3. Further study is needed on the transmission and reception of PDCCH for NR-U operation.

CSI Measurements and Channel Tracking
CSI is derived from the measurements of periodic RS configuration, such as CSI-RS.  Similar to RS for mobility measurements, the periodic RS signals might not transmit at the duty cycle time if the unlicensed channel is not clear.   The accuracy of the CSI measurement would be degraded if the CSI-RS could not always transmit on the duty cycle time.   Thus, an additional RS type needs to be considered for CSI measurements in unlicensed spectrum.
Proposal 4. Further study is needed on the transmission and the reception of the DL RS for CSI measurement for NR-U operation.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
In this contribution, we discussed the physical channel aspect for NR-based operation in unlicensed bands.  Based on the discussion, it is proposed:
Proposal 1. NR-U operation should consider the support of the SS/PBCH block and RMSI CORESET multiplexing pattern 2 and 3 for sub-6GHz.

Proposal 2. Rel-15 NR paging procedure can be used as the baseline for NR-U standalone operation in unlicensed spectrum.

Proposal 3. Further study is needed on the transmission and reception of PDCCH for NR-U operation.

Proposal 4. Further study is needed on the transmission and the reception of the DL RS for CSI measurement for NR-U operation.
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