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Introduction
In the RAN1 #92bis [1], agreements were reached to study the design changes needed to support different NR channels and signals in NR-U including the PDCCH/PDSCH, PUCCH/PUSCH, and UL reference signals applicable to the operational frequency range. 
In the RAN1#93 meeting [2], further agreements were reached on the need to support DL to UL and UL to DL switching within a shared gNB COT and LBT requirements were defined. This is summarized below:
Agreement:
· Single and multiple DL to UL and UL to DL switching within a shared gNB COT is identified to be beneficial and can be supported
· LBT requirements to support single or multiple switching points, include
· For gap of less than 16us: no-LBT can be used 
· Restrictions/conditions on when no-LBT option can be used will be further identified, in consideration of fair coexistence. 
· For gap of above 16us but does not exceed 25us: one-shot LBT can be used 
· Restrictions/conditions on when one-shot LBT option can be used will be further identified, in consideration of fair coexistence. 
· For single switching point, for the gap from DL transmission to UL transmission exceeds 25us: one-shot LBT is used 
· Further study needed on how many one-shot LBT attempts is allowed for granted UL transmission 
· FFS: For multiple switching points, for the gap from DL transmission to UL transmission exceeds 25us, one-shot LBT is used. Regulations for this option.

Agreement:
· Scheduling multiple TTIs for PUSCH each using a separate UL grant in the same PDCCH monitoring occasion is identified as beneficial 
· Scheduling multiple TTIs for PUSCH using a single UL grant is identified as beneficial and should be supported in NR-U

In this contribution, we addresse some aspects related to the downlink control channel, the downlink data channel and the downlink reference signals based on the agreements made. 
DL RS
DL RS may be either the Demodulation Reference Symbol (DMRS), the Channel State Information Reference Symbol (CSI-RS) or the Phase Tracking Refernece Symbol (PTRS). 
DMRS and PTRS: The DMRS and the PTRS are embeded in the DL data allocation and are only transmitted when a downlink burst is transmitted. As this will most likely be on a successful LBT process there is no effect of unlicensed access on either reference signal.
CSI-RS: NR Release 15 supports aperiodic CSI-RS, semi-persistent CSI-RS and periodic CSI-RS and may be transmitted independently of a DL data transmission.
For aperiodic CSI-RS, in the case that there is no need for LBT (e.g. < 16 us), the existing NR aperiodic CSI-RS mechanism can be used in NR-U. However, in the case that the value of the aperiodic triggering offset in the DCI requires that there is a need for LBT before the CSI-RS is sent, NR-U should consider enabling multiple CSI-RS transmission opportunities for the transmission of the aperiodic CSI-RS.
This may be implemented by allocating separate CSI-RS resources for each transmission opportunity or creating a CSI-RS resource window within which the UE may monitor for the transmission of the CSI-RS as illustrated in Figure 1.



[bookmark: _Ref521528367]Figure 1: Aperiodic CSI-RS for NR-U with LBT
For periodic and semi-persistent CSI-RS, the CSI-RS may not be transmitted periodically because of LBT failure. As such, in LTE LAA, only CSI-RSs that overlap with a transmit burst are transmitted [3]. In addition, LTE LAA allows a CSI-RS to be configured with the Discovery Reference Signal (DRS) in which synchronization signals and reference signals are transmitted in a periodically occurring time window that has a fixed duration and a configurable period. The DRS is transmitted within the window and is subject to LBT [4].
In the case of multiple switching points within a shared gNB COT, the probability that the CSI-RS is not transmitted is high. As such, to allow for more flexibility in scheduling, NR-U should consider a mode that configures a CSI-RS resource window for periodic or semi-persistent CSI-RS resources. Note that a CSI-Report window may be configured independently of the CSI-RS resource for periodic or semi-persistent CSI-reporting. This is illustrated in Figure 2.


[bookmark: _Ref521528437]Figure 2: Periodic/SP CSI-RS and Periodic/SP CSI-reporting
 

Proposal 1: For aperiodic CSI-RS, NR-U should consider enabling multiple CSI-RS resource transmission opportunities in the case that LBT is needed before the CSI-RS transmission.
Proposal 2: For periodic and semi-persistent CSI-RS, NR-U should consider configuring a CSI-RS resource window that is transmitted in a periodically occurring time window that has a fixed duration, a configurable period and is subject to LBT.
DL Control and Data Channels
In NR-U, there may be some uncertainty in the transmission due to the fact that there are multiple LBT requirements based on the gaps between the switching points in a shared gNB COT. 
For single and multiple DL-to-UL or UL-to-DL switching within a shared gNB COT, and with a gap of less than 16 us, no-LBT can be used and there is no need for any changes to the NR Release 15 DL control and DL data channels for use in NR-U. However, when the gap exceeds 16 us, a form of LBT is needed, e.g., one-shot LBT. In this case, there is a possibility that there may be an LBT failure and no guarantee of availability of resources, and scheduling cannot be done in a deterministic manner. As such, multiple LBT attempts may be made and the UE should expect to receive or transmit the signal or channel in multiple transmission opportunities. This may be especially important for DL transmission in the case of multiple switching points within the shared gNB COT, where the gap between the first and second DL transmission exceeds 16 us.
The flexibility offered by PDCCH monitoring in NR Release 15 should allow configuration of the UE PDCCH monitoring procedure to account for any retransmisisons of the PDCCH by the gNB due to LBT failure in NR-U. However, to reduce the signaling overhead when the gNB or UE needs to perform an LBT before transmission of data or signal, the PDCCH, combined with higher layer signaling, may configure multiple transmission opportunities for data or signal transmission. If transmission in one resource is successful, the additional transmission opportunities can be reallocated by the gNB and ignored by the UE. If the transmission in one resource fails, the additional transmission opportunities may be used for a retry without the need for additional signaling.
This may be important for the DL data channel in which a DCI with slot aggregation is used to schedule data transmission over multiple downlink slots that span transmission over single or multiple switching points within a shared gNB COT as illustrated in Figure 3.


[bookmark: _Ref521588599]Figure 3: Multiple Transmisison Opportunities for DL data channel
Proposal 3: For COT with multiple switching points, NR-U should allow multiple transmission opportunities for PDSCH in cases where the LBT requirements mandate performing an LBT before transmission.
Summary
This contribution discussed some details regarding the DL channels for NR-Unlicensed. In the following, the discussed proposals are listed:   
Proposal 1: For aperiodic CSI-RS, NR-U should consider enabling multiple CSI-RS transmission opportunities in the case that LBT is needed before the CSI-RS transmission.
Proposal 2: For periodic and semi-persistent CSI-RS, NR-U should consider configuring a CSI-RS resource window that is transmitted in a periodically occurring time window that has a fixed duration, a configurable period and is subject to LBT. 
Proposal 3: For COT with multiple switching points, NR-U should allow multiple transmission opportunities for PDSCH in cases where the LBT requirements mandate performing an LBT before transmission.
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