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1 Introduction
At the last RAN1 #93 meeting, the following was agreed:

	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


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.

Unlike licensed band operation, in unlicensed bands the most efficient way to co-exist is to be able to access a clear channel as fast as possible and commence transmission. In LAA, when the channel is accessed, reliable RRM and CSI measurements are not available. This implies that some slots are used to obtain these. In NR-U, much faster channel access mechanisms using techniques such as L1 CA, which relies on DCI based carrier activation, are desirable. Many of these features have been discussed and proposed as part of NR in Rel. 15 albeit they were not adopted. Similarly, the current NR specification does not allow the UE to perform CSI reporting on de-activated BWPs. Therefore, even though a BWP can be activated using a DCI indication, the network does not have reliable CSI measurement to schedule PDSCH efficiently. Hence, we propose to study BWP enhancements such as CSI measurements in de-activated BWPs to allow for faster and more efficient access of the channel. 

Proposal 2: 
· NR-U should study faster channel access mechanisms such as L1 based CA activation

· NR-U should study BWP enhancements that will allow for faster and more efficient channel access
In addition, NR supports carriers without PSS/SSS/PBCH transmissions. This is especially attractive for unlicensed spectrum operation in order to reduce the overhead of measurement RS from a single cell as well as a network perspective. For example, different neighbor cells may select different carriers for transmitting SS Blocks which helps to avoid collisions. Since transmission of signals/channels for carrier selection and RRM may utilize LBT procedures, such collision reduction enables faster channel access.
Proposal 3: NR-U should utilize carriers without SS block transmissions as well as LBT enhancements for signals/channels supporting carrier selection and RRM
NR Rel. 15 specified a limited set of mini-slot lengths formally known as PDSCH mapping type B. In particular, mini-slots of length 2 and 4 were standardized to align PDSCH transmission durations with those of SSB blocks with various subcarrier spacings. Mini-slots of length 7 were introduced in lieu of slots of length 7. In unlicensed spectrum, the base station can grab the channel, if unoccupied, at any time. In order to preserve frame boundary alignment with the licensed carriers, NR-U must support mini-slots of any length, particularly, lengths of 1-13 OFDM symbols. The corresponding DMRS patterns should be specified as part of the normative work.

Proposal 4: NR-U should specify PDSCH mapping type B for transmission durations of 1-13 OFDM symbols as well as the corresponding DMRS patterns and procedures
Furthermore, 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 MCOT duration. Thereafter, it resumes PDCCH monitoring according to case 2.
Proposal 5: 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 MCOT. However, UE power consumption may still be prohibitively large between MCOTs. 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 6: 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

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: 

· NR-U should study faster channel access mechanisms such as L1 based CA activation

· NR-U should study BWP enhancements that will allow for faster and more efficient channel access
Proposal 3: NR-U should utilize carriers without SS block transmissions as well as LBT enhancements for signals/channels supporting carrier selection and RRM
Proposal 4: NR-U should specify PDSCH mapping type B for transmission durations of 1-13 OFDM symbols as well as the corresponding DMRS patterns and procedures
Proposal 5: Support dynamic switching between PDCCH monitoring case 1 and case 2
Proposal 6: 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

