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 Introduction
[bookmark: OLE_LINK16][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK15]At the RAN #82 meeting, the new WID on NR-U (NR-based Access to Unlicensed Spectrum) [1] aims to identify solutions and techniques for next generation wireless systems operating on unlicensed bands. And in the WID, one of the objectives is to specify DL physical layer channels design. 
In this contribution, we discuss potential DL reference signals and physical layer channels design for NR-U, including PDCCH monitoring, COT structure indication, PDSCH and mechanism to detect DL start point and so on.
 DL Reference Signals and Physical Channels Design
 PDCCH Monitoring
In NR, the PDCCH monitoring information per search space is configured via RRC, such as PDCCH monitoring periodicity, offset and symbols for PDCCH monitoring in the slots. For the first slot of the COT, if small monitoring periodicity is configured, then NR unlicensed systems will have better performance due to the finer time granularity for PDCCH transmission. From the second slot of the COT, the PDCCH monitoring granularity can be bigger, such that slot-level PDCCH monitoring can be performed for UE complexity and power consumption reduction. This approach provides more flexibility, and saving power. One example is shown in Figure 1.

                                                             Figure 1 PDCCH monitoring pattern in a COT
In current Rel-15 specification, UE needs to perform the same PDCCH monitoring pattern configured by RRC. In order to have different PDCCH monitoring patterns for the COT, some enhancement for PDCCH monitoring configuration should be considered.  Pre-defined or semi-static configuration method can be considered to realize the two detection patterns above. However, for semi-static configuration, as the slot detection PDCCH is an absolute slot index configured through search space configuration in monitoringSlotPeriodicityAndOffset, it may not be the first slot of the COT. Therefore, the slot parameter definition in monitoringSlotPeriodicityAndOffset should be changed to the slot position in the COT, or the slot index should be started from the first slot of the COT.
Proposal 1: 
· different PDCCH monitoring patterns can be performed for the first slot of the COT and the remaining slot(s) of the COT. And the PDCCH monitoring occasion granularity of the first slot is smaller than the remaining slot(s) of the COT.
· In NR-U, the slot index indicated in parameter monitoringSlotPeriodicityAndOffset  of the search space  shall be offset to the starting slot of the COT. 
COT Structure Indication
In licensed band, NR supports dynamic and semi-statically configured slot configuration and the configuration period can be {0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10} ms.  The semi-static DL/UL assignment is done via cell-specific and UE-specific RRC configuration. With the cell-specific configuration, the UE is allocated a DL-unknown-UL pattern. The “unknown” resources are flexible resources that can be assigned DL or UL direction using UE-specific configuration or dynamic signaling. The UE-specific RRC signaling or dynamic signaling includes the indication as per slot basis that can override the “unknown” allocation in the cell-specific configuration. Resources in the slot configuration that are without DL/UL indication remain flexible resources. For NR-U, dynamic and semi-statically configured UL/DL configuration as in licensed band should also be considered. For example, some semi-static UL/DL assignments can be used to indicate DL slots for UE to receive SSB, and some other slots can be assigned for UE to transmit PRACH or configured grant transmission. 
As NR R15 PDCCH can be configured to start from any symbol, and gNB can start downlink transmission from the nearest symbol after a successful LBT, such as in the middle of the slot transmission through the search space configuration, therefore once gNB performs LBT successfully on the semi-statically configured DL slot and symbols, gNB can indicate the COT structure through DCI format 2_0 dynamically. Besides, as DCI format 2_0 can indicate multiple slots and the partial slot structure, therefore, DCI format 2_0 in Rel-15 NR can be directly used for the indication of the COT structure.
Proposal 2: 
· NR-U should support both dynamic and semi-static DL/UL configurations.
· DCI format 2_0 in Rel-15 NR can be directly used for the indication of the COT structure.
PDSCH
In Rel-13 LAA, eNB can only start transmission at slot boundaries (symbol 0/7) with 15 KHz subcarrier spacing. The reservation signal is transmitted before the DL transmission start position, i.e., the slot boundary, to reserve the carrier and prevent other devices from occupying the spectrum, which is the overhead of LAA system. Therefore, the overhead of reservation signal should be minimized. In NR, PDSCH can support typeA and typeB scheduling, which have much finer granularities (e.g. 2/4/7 OFDM symbols), therefore, more flexible transmission can be reached. 
For NR-U, such different slot types including slot and mini-slot (non-slot-based scheduling) can be utilized to minimize the reservation signal length. The NR gNB should be able to send DL burst as soon as possible whenever it finishes LBT/CCA, resulting in different slot duration. As illustrated in Figure 2, the gNB can choose the type of first slot i.e. mini-slot based on LBT/CCA success location and slot boundary, and then select the type of following slots with a larger size e.g. slot. The type of last slot(s) is/are chosen according to the remaining time within the MCOT. In Figure 2, the rest of the maximum COT is not enough for a normal slot, but enough for two whole mini-slots.


Figure 2: multiple slot durations in an MCOT
For PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the DL transmission burst, below options have been identified as possible candidates. 
Option 1: PDSCH(s) as in Rel-15 NR
Option 2: Punctured PDSCH depending on LBT outcome
Option 3: PDSCH mapping type B with durations other than 2/4/7 symbols
Option 4: PDSCH across slot boundary
For option1, gNB can transmit PDSCH 2/4/7 symbols according to the remaining symbols of the first slot. Therefore more reservation signals may be needed. Otherwise, more choices of PDSCH duration should be defined, which is option3, but only limited additional symbol number should be considered for type B mapping in order to reduce blind detection complexity to UE. For option4, as the DMRS sequence generation is based on the absolute symbol index and the slot number, some influence on DMRS sequence generation and design should be considered. Therefore, this option should not be considered.
Proposal 3: Among the candidates for PDSCH transmission in the partial slot,
· Option 1 is preferred
· If Option 3 is considered, only limited additional symbol number should be supported for type B mapping.
 Wake-up-like Signal

As discussed in SI stage, NR-U should design an efficient mechanism for a UE to detect the beginning of a downlink transmission. For DL transmission detection, the following two types of methods can be considered:
Option 1: detection of PDCCH using wideband DMRS
Option 2: detection of a wake-up like signal
[bookmark: _GoBack]As discussed in Section 2.1, monitoring PDCCH transmission on UE side would be challenging and power-consuming when the PDCCH transmission is opportunistic due to LBT in NR-U. Besides, unlike NR Rel-15 WB RS, NR-U DMRS would not need to be restricted in terms of precoding granularity, i.e. the precoding granularity could be e.g. 6 PRB, enabling precoder cycling. Therefore, option 1 may not be a good choice.

Meanwhile transmitting a signal as a wake-up signal prior to PDCCH transmission as Option 2 can be considered and it can reduce the impact of allowing multiple start locations for a COT.  In addition, wake-up-like signal can also be used for channel occupancy and carrying some necessary information. 

In Rel-13 LTE LAA, initial signal had been discussed and reached some agreements/conclusions. For example, initial signal (SSS/PSS) transmitted before the first data/control OFDM symbol of the DL transmission burst can be used as detecting DL burst transmission. This function is the same as the wake-up-like signal which can facilitate transmission burst acquisition. Other benefits such as UE power saving can also be achieved by using such a signal. 
Furthermore, for the signal design, PSS/SSS, or preamble can be considered as part of this signal. For preamble, we think ZC sequence based design which is used in LTE/NR PRACH is more suitable compared with the preamble used in WiFi. Note that the preamble in WiFi is constructed of a training sequence and control information which cannot be identified by LAA/NR-U. Besides that the duration of the WiFi preamble does not fit perfectly in the NR numerology. And the ZC sequence based design for this signal can be easily realized and detection complexity can be reduced.
Proposal 4: a signal (e.g., wake-up-like signal) transmitted before the first data/control OFDM symbol of the DL transmission burst can be constructed of PSS/SSS or PRACH preamble.
[bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0995] Conclusion 
In this contribution, we discuss some potential solutions and techniques for NR-U DL reference signal design and physical channel design, and have the following proposals:
Proposal 1:
·  Different PDCCH monitoring patterns can be performed for the first slot of the COT and the remaining slot(s) of the COT. And the PDCCH monitoring occasion granularity of the first slot is smaller than the remaining slot(s) of the COT.
· In NR-U, determine slot index in parameter monitoringSlotPeriodicityAndOffset  of the search space  relative to the starting slot of the COT. 
Proposal 2: 
· NR-U should support both dynamic and semi-static DL/UL configurations.
· DCI format 2_0 in Rel-15 NR can be directly used for the indication of the COT structure.
Proposal 3: Among the candidates for PDSCH transmission in the partial slot,
· Option 1 is preferred
· If Option 3 is considered, only limited additional symbol number is additionally supported for type B mapping.
Proposal 4: a signal (e.g., wake-up-like signal) transmitted before the first data/control OFDM symbol of the DL transmission burst can be constructed of PSS/SSS or PRACH preamble.
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