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1 Introduction
At the RAN1 #94 meeting, the following was agreed:
	Agreement: 

· 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.



In this document, we present further views on the downlink design for the NR-U air interface.
2 NR-U design for DL signals and channels
Physical layer procedures for operation of NR in unlicensed bands should take into account the existing techniques and features offered by the NR Rel. 15 design.  Multi-antenna techniques in particular, such as MU-MIMO, massive MIMO etc. are a fundamental and essential part of this NR design. Therefore, even while co-existing with other systems on the same spectrum, NR unlicensed should be able to use these advanced features efficiently. 

Proposal 1: NR-U should be able to make efficient use of advanced multi-antenna techniques that are a part of NR such as MU-MIMO, multi-point transmission, etc.

NR Rel. 15 defines slot based and non-slot based scheduling: 
· Case 1: PDCCH monitoring periodicity of 14 or more symbols

· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot

· Case 1-2: PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot

· For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot

· Case 2: PDCCH monitoring periodicity of less than 14 symbols

· Note: this includes the PDCCH monitoring of up to three OFDM symbols at the beginning of a slot

Since a gNB can grab the channel at any time, PDCCH monitoring case 2 is beneficial to reduce the latency and overhead of NR-U. However, PDCCH monitoring case 2 comes at the expense of increased power consumption at the UE. The benefits of both PDCCH monitoring periodicities, i.e., the power efficiency of case 1 and the reduced overhead and latency of case 2, could be harnessed by switching between the two cases depending on whether a UE has been scheduled or not. For example, a UE may monitor for PDCCH candidates according to case 2. When a DL or UL assignment is received, in switches to PDCCH monitoring case 1 for the COT duration. Thereafter, it resumes PDCCH monitoring according to case 2.
Proposal 2: Support dynamic switching between PDCCH monitoring case 1 and case 2

By allowing dynamic switching between PDCCH monitoring case 1 and case 2, the UE power consumption can be reduced during the COT. However, UE power consumption may still be prohibitively large between COTs. Instead of using costly blind decodes to monitor for potential PDCCH candidates, a UE may only initiate decoding of a PDCCH candidate after successful correlator-based energy detection.  Such correlator-based energy detection could be based on the PDCCH DMRS or a dedicated preamble whereby a dedicated preamble could also be used to serve other purposes such as CSI acquisition, AGC settling, and fine time/frequency tuning. 
Proposal 3: A UE initiates decoding of a PDCCH candidate after successful correlator-based energy detection
· Correlator-based energy detection could be based on the PDCCH DMRS or a dedicated preamble 
· A dedicated preamble could also be used to serve other purposes such as CSI acquisition, AGC settling, and fine time/frequency tuning
Shorter symbol duration, i.e., larger subcarrier spacing, is generally preferred in unlicensed spectrum. While Rel. 15 specifies 60 kHz subcarrier spacing for PDCCH and PDSCH, the PSS/SSS and PBCH are only defined for 15 and 30 kHz subcarrier spacing. A similar issue arises in the UL for the PRACH. In our view, having a NR-U design that solely relies on 60 kHz is worthwhile. For example, the SSB design for 15 and 30 kHz could simply be scaled to obtain a 60 kHz design. Similarly, after the UE detects PSS/SSS with 60 kHz subcarrier spacing, the MIB carried on the PBCH can be interpreted in an arbitrary manner and different from the Rel. 15 NR design. Hence, the specification impact of supporting SSB with 60 kHz subcarrier spacing is acceptable in our view. 

Proposal 4: Specify PSS/SSS/PBCH for 60 kHz subcarrier spacing

Similar to LTE, a discovery reference signal (DRS) should be specified that contains more than just SSB transmissions. In addition, DRS should include CSI-RS incl. TRS for RRM, beam management, and CSI acquisition as well as PDCCH/PDSCH for RMSI delivery and paging. It seems natural to transmit the signals and channels comprising the DRS in a frequency-division manner to increase the occupied channel bandwidth. Moreover, grouping as many signals/channels as possible into a single burst that is free of gaps is beneficial both from a UE power savings perspective (micro sleep) and a coexistence perspective (single clear channel assessment). The time density of the DRS thereby should be flexible enough to counter the impact of frequent negative clear channel assessments and to improve DL coverage. 

Proposal 5:

· A discovery reference signal (DRS) should be specified

· DRS should include CSI-RS incl. TRS for RRM, beam management, and CSI acquisition as well as PDCCH/PDSCH for RMSI delivery and paging

· Signals and channels comprising the DRS are transmitted in a frequency-division manner

· Signals and channels comprising the DRS are grouped into a single burst that is free of gaps

· The time density of DRS is flexible enough to counter the impact of frequent negative clear channel assessments and to improve DL coverage

3 Conclusion

In this document, we presented further views on the downlink design for the NR-U air interface. The following are the proposals: 
Proposal 1: NR-U should be able to make efficient use of advanced multi-antenna techniques that are a part of NR such as MU-MIMO, multi-point transmission, etc.

Proposal 2: Support dynamic switching between PDCCH monitoring case 1 and case 2

Proposal 3: A UE initiates decoding of a PDCCH candidate after successful correlator-based energy detection
· Correlator-based energy detection could be based on the PDCCH DMRS or a dedicated preamble 
· A dedicated preamble could also be used to serve other purposes such as CSI acquisition, AGC settling, and fine time/frequency tuning

Proposal 4: Specify PSS/SSS/PBCH for 60 kHz subcarrier spacing

Proposal 5:

· A discovery reference signal (DRS) should be specified

· DRS should include CSI-RS incl. TRS for RRM, beam management, and CSI acquisition as well as PDCCH/PDSCH for RMSI delivery and paging

· Signals and channels comprising the DRS are transmitted in a frequency-division manner

· Signals and channels comprising the DRS are grouped into a single burst that is free of gaps

· The time density of DRS is flexible enough to counter the impact of frequent negative clear channel assessments and to improve DL coverage

