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Introduction
In RAN plenary meeting #82, the TR 38.889 [1] and the new WID [2] on NR-based Access to Unlicensed Spectrum is agreed. 
· NR-U Discovery Reference Signal (DRS) containing at least SS/PBCH block burst set transmission and possibly CSI-RS, RMSI-CORESET(s)+PDSCH(s), OSI and paging with properties and extensions from NR Rel-15 in line with the agreements during the study phase (TR 38.889, Section 7.2.1.2). 60kHz based SSB/PBCH block is outside the scope of the WI.
· 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 (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
· The transmission of additional signals such as OSI and paging within the NR-U DRS is allowed and can be beneficial.
In addition, the following agreements are agreed in RAN1 #1901.
Agreement: 
· [bookmark: _Hlk1044609]UE assumes 30KHz SCS for SS/PBCH block for 5GHz band and 6GHz band if the SCS is not indicated by higher layers.
· Support configuration by higher layers of 15KHz or 30KHz SCS for SS/PBCH block
· Include this agreement in a LS to RAN4 (cc RAN2) for inclusion in specs managed by RAN4 
Conclusion:
No changes are required to the time and frequency position of the PSS/SSS/PBCH relative to each other in one PSS/SSS/PBCH block.
Agreement:
The Type0-PDCCH monitoring configuration for NR-U should satisfy at least the following properties:
· TDM of Type0-PDCCH and SSB similar to existing pattern 1 (already agreed)
· [bookmark: _Hlk1045629]Support the monitoring of Type0 PDCCH of the 2nd SSB position in a slot in the gap between 1st and 2nd SSB within the slot
· FFS start at symbol #6 of #7 or both
· FFS: The Type0-PDCCH candidates associated with an SSB are confined within a slot carrying the associated SSB (with the same QCL assumptions)

In this contribution, based on the above agreement, several details on DRS design are discussed.
DRS design
1 
2 
2.1 SS/PBCH block transmission pattern and Type0-PDCCH monitoring
The SSB pattern was discussed in AH#1901, however, due to no consensus on the RMSI configuration with SSB in slot, agreement is not reached for both cell-defined and none cell-defined SSB. The cell-defined SSB pattern should be reconsidered with the RMSI allocation, but anyway it should be decided in Feb. meeting.
It is consensus that the SSB timing pattern in each of the cases as in 38.213 is common for both cell-defined and none cell-defined SSB in NR. However, in NRU it may not be true due to LBT, because there is no RMSI around the none cell-defined SS/PBCH block and pattern case C will have a gap between the two SSBs in a slot if none beam specific LBT is used. So, this case should be further studied.
Proposal 1:  Prioritize the cell-defined SSB pattern design and study the none cell-defined SSB pattern further.

In NR, the SSB patterns for FR1 in 1ms are shown in Fig 1 by three cases. It is agreed in last meeting that UE assumes 30KHz SCS for SS/PBCH block for 5GHz band and 6GHz band if the SCS is not indicated by higher layers. However, for case C, to support two symbol RMSI CORESET configuration as proposed by some company, so starting symbol at #6 for monitoring of Type0 PDCCH of the 2nd SSB position in a slot in the gap between 1st and 2nd SSB within the slot should be supported. 
[image: ]
Fig 1:  SSB pattern in NR for FR1
Proposal 2: For 30KHz SCS initial access, reuse NR Rel-15 SS/PBCH transmission pattern case C, however, supporting start at symbol #6 for the monitoring of Type0 PDCCH.
Channel access schemes for initiating a COT by gNB as LBE device has studied in the TR and cat2 LBT could be used when the DRS duty cycle ≤1/20, the total duration is up to 1 ms as well.  It is beneficial that RMSI CORESET and PDSCH, Paging/Broadcast OSI could be multiplexed in the same DRS COT which may subject to the LBT. For 30k Hz SSB and L=4 configuration in NR, there will be four SSBs within 1ms duration. Considering RMSI CORESET TDM with SSB as pattern 1 is agreed, gNB should multiplexing the above signals in one COT as a DRS.
In addition, it is noticed that in all cases the multiplexing of the signals could be possible with the last 2 symbols of the subframe left for other channel, thus two symbols at the end of DRS COT could be considered reserving for uplink to reduce the uplink access latency.
Proposal 3: Two symbols reservation for UL at the end of the DRS COT could be considered.

2.2 [bookmark: _Hlk1047465]OCB requirements satisfaction
In NRU, OCB regulation should be satisfied for DRS transmission. For SSB symbols, which bandwidth based on NR design is relative narrow so multiplexing with another signal or channel should be considered. However, when there is no RMSI multiplexing with the SSB, several options could be considered:
Option1:  SSB repetition in frequency domain;
Option2:  CSI-RS multiplexing with SSB;
Option3:  Rate matching of SSB with PDSCH scheduled by gNB application.
Consider the principle of reusing the NR as possible, option 3 is the simple approach with no or little   further specific impact.
Proposal 4: OCB requirement could be satisfied by gNB scheduling.

PRACH configuration for LBT
[bookmark: _GoBack]In addition to taking the PRACH design in NR as baseline, NRU LBT block issue should be considered for contiguous RACH occasions configuration. In such cases, the configurations should be enhanced to leave a gap for adjacent ROs to avoid blocking by other NRU random access user.
However, it should be further studied to add new configurations to the table or to introduce some scheme to the existing ones in RAN1 specification.

Conclusion
In this contribution, we discuss the method SSB design in time domain for NR-U and based on the above discussion we provide the following proposals.
Proposal 1:  Prioritize the cell-defined SSB pattern design and study the none cell-defined SSB pattern further.
Proposal 2: For 30KHz SCS initial access, reuse NR Rel-15 SS/PBCH transmission pattern case C, however, supporting start at symbol #6 for the monitoring of Type0 PDCCH.
Proposal 3: Two symbols reservation for UL at the end of the DRS COT could be considered.
Proposal 4: OCB requirement could be satisfied by gNB scheduling.
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