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[bookmark: _Ref534908260]Introduction
In 3GPP TSG RAN Meeting #82, a new Work Item on NR-based Access to Unlicensed Spectrum was approved [1]. This work item was based on the successful completion of an NR-U Study Item that determined the feasibility of NR operations in the Unlicensed Spectrum in a set of the considered scenarios with proposals and agreements captured in TR. 38.889 [2].  
In this document, we discuss our views for the following downlink channels and signals, (a) PDCCH (b) PDSCH and (c) CSI-RS, and the proposals and agreements captured in [1] and [2] serving as the baseline. The discussion addresses the impact of unlicensed band operation of NR Release 15 on mechanisms such as an NR-preamble to detect the COT start for UE power saving; on PDCCH search spaces, dynamic PDCCH monitoring, and COT structure indication; on the PDSCH to support flexible starting points due to LBT and on CSI-RS signaling for downlink measurement.
NR-U Preamble/Wake-Up Signals and DL Control
Preamble for power saving 
In unlicensed band operation, it may happen often that the gNB is waiting for the channel to be available while the UE unaware of this, and the UE may perform PDCCH monitoring from one slot to the next. Since no PDCCH is being transmitted, this PDCCH monitoring effort by the UE is wasted and leads to unnecessary power consumption. To limit the UE’s power consumption, it was agreed that a mechanism in which the gNB transmits a preamble right before the start of the COT, i.e., before the transmission of the first PDCCH after a successful LBT procedure was beneficial [2] (Section 7.2.1.2). The proposals that have been made by contributions on these topics include:
1. existing NR signal(s) such as PSS/SSS or DMRS with potential enhancement(s), 
2. an existing NR channel such as the PDCCH with potential enhancement(s), and 
3. the 802.11a/802.11ax preamble with potential enhancement(s)
We will analyse options 1 and 2 together and option 3 separately. 
Existing NR signals or NR Channels with potential enhancement(s): To decide between Option 1, i.e., signal detection and Option 2, i.e., channel detection, the trade-off between power savings and the amount of information to be signalled should be considered. Option 1 is typically associated with time-domain processing whereas option 2 is typically associated with frequency-domain processing. The trade-off is additional power saving in time-domain detection since a UE need not perform PHY baseband processing versus carrying additional information in a downlink channel for which frequency-domain processing is required. If the sole goal of introducing an NR-U preamble is for power saving then Option 1 may be adequate. However, if the purpose of the NR-U preamble is more than power saving, e.g. for intra-RAT or inter-RAT coexistence, then additional benefits can be obtained if the NR-U preamble has a downlink channel design. 
Note that the signal or channel may be broadcast to trigger every UE for the COT or may be UE-specific to trigger specific UEs for the COT. 
802.11a preamble: The preamble of 802.11a consists of one short training signal and one long training signal (STF and LTF, in total 16µs), followed by one OFDM symbol, referred to as signal field (4µs). Therefore, 802.11a preamble has a duration of 20 µs. The signal field contains the signaling information and has the following contents: rate (4 bits), length (12 bits), parity (1 bit), reserved (1 bit), tail (6 bits). The duration of the entire 802.11 frame can be calculated using rate and length fields. 
From a power saving perspective, there are opposing arguments on what benefits the 11a preamble can offer to NR-U devices. On one hand, if every NR-U COT starts with the 11a preamble, NR-U UEs get triggered to start PDCCH monitoring right after the detection of the 11a preamble, hence avoiding constant PDCCH monitoring. From this perspective, the 11a preamble acts as any preamble before an NR-U COT. However, in 5 GHz unlicensed band, there may be many 802.11 devices whose frame transmission always start with the 11a preamble. For NR-U devices that are designed to trigger PDDCH monitoring after the detection of 11a preamble, this leads to the start of PDCCH monitoring when there is no PDCCH to monitor. 
Also, the detection of the 11a preamble requires operation with SCS=312.5kHz. According to definition of a BWP, switching from one subcarrier spacing to another requires a BWP change. It should be further evaluated how much delay is incurred by switching from SCS=312.5kHz to SCS=15/30/60kHz.  
Observation 1: The use of the 802.11a preamble as an NR-U preamble may start unnecessary PDCCH monitoring in an unlicensed band that contains both NR-U and 802.11 nodes 
Observation 2: The use of the 802.11a preamble as an NR-U preamble may require a switch from the 802.11 SCS of 312.5 kHz to the NR-U SCS used.
Proposal 1: NR-U should consider using only NR-based designs in the choice of the NR-U preamble.

DL Control Monitoring
In LAA, the start of the transmission following a successful LBT is limited to the beginning of the next slot (i.e., Symbol 0 or 7 within a subframe). This approach often results in inefficient resource utilization in scenarios that the LBT procedure is successfully completed at the middle of the slot. 
In the SI, it was identified that compared to NR Rel-15, it would be beneficial if the time domain instances in which the UE is expected to receive PDCCH can change dynamically [2] to maximize the resource usage efficiency in NR-U as the transmission is allowed at any time following a successful LBT procedure. 
To enable this proposal may require modifications to the CORESET configuration and DL control structures such as the PDCCH monitoring granularity, and the number and location of the PDCCH search spaces. For example, the UE can be scheduled with a mini-slot granularity at the beginning of the COT immediately after a successful LBT and slot-based monitoring is used at the beginning of the first full slot of the COT. Once the COT/MCOT is over, the UE may switch back to searching with a mini-slot granularity, which may be preconfigured or indicated by the gNB. Note that when the gNB is not transmitting, a UE in the connected mode may search for the preamble discussed in Section 2.1. The preamble acts as a signal for the UE to resume PDCCH monitoring operation to detect an upcoming PDCCH/SFI for a given slot or partial slot.
There is also a need to modify the Slot Format Indicator (SFI) currently specified in NR Release 15 as the current NR Releasev15 SFI is constructed for complete slots. This is to enable UEs to identify the time domain COT structure based on the possibility of partial slots at the beginning of the COT.
An example of NR-U frame structure with LBT procedure and the associated PDCCH monitoring is illustrated in Figure 1. The figure also includes a pre-amble or wake-up signal before the start of a COT for UE power saving.


[bookmark: _Ref534912525]Figure 1: NR-U COT with preamble before start of a COT and dynamic PDCCH search spaces

[bookmark: _Hlk525822944]Proposal 2: NR-U to consider a PDCCH monitoring procedure where monitoring on a mini-slot granularity is used at the beginning of the COT immediately after a successful LBT and slot-based monitoring is used at the beginning of the first full slot of the COT.
Proposal 3: NR-U to consider defining new entries in the SFI table to account for partial slots due to the COT starting immediately after a successful LBT.

DL Data

In the Study Item, single and multiple DL to UL and UL to DL switching points within a shared gNB COT were identified to be beneficial with LBT requirements to support single or multiple switching points identified. In addition, support of multiple PDSCH starting positions for the DL data channel was agreed on [2].
In [2], for uplink transmission, scheduling multiple TTIs for PUSCH transmission using a single UL grant or separate UL grants in the same PDCCH monitoring occasion have been identified as beneficial. However, there is no corresponding agreement for the PDSCH.
For single and multiple DL-to-UL or UL-to-DL switching within a shared gNB COT, and with a gap of up to 16µs, no-LBT can be used. In this case there is no need for any changes to the NR Release 15 DL data channels for use in NR-U. However, when the gap exceeds 16µs one-shot LBT is needed. This may occur for example in a scenario with 15 kHz SCS where the OFDM symbol duration is around 71 msec. In this case, there is a possibility that there may be an LBT failure and no guarantee of available resources, and scheduling cannot be done in a deterministic manner. As such, multiple LBT attempts may be made. 
[bookmark: _Hlk525913125]To enable PDSCH transmission in this scenario, 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 by the gNB without the need for additional signaling and the UE is going to monitor PDSCH on those additional resources. This may be important for a 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 2 as it reduces the need for additional signaling to allocate resources in the middle of the aggregation. 


[bookmark: _Ref534913818]Figure 2 Multiple Transmission Opportunities for DL data channel
Proposal 4: Scheduling multiple transmission opportunities for PDSCH over multiple TTIs each using a separate DL grant in the same PDCCH monitoring occasion is beneficial and should be supported in NR-U.
[bookmark: _Hlk525822912]
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 3.


[bookmark: _Ref525867208]Figure 3: Aperiodic CSI-RS for NR-U with LBT
For periodic and semi-persistent CSI-RS, the possibility of LBT failure means that it may be difficult to schedule the transmission of CSI-RS with fixed periodicity. LBT failure may occur where the gNB is not in possession of the channel at the desired time or where there may be multiple switching points within a shared gNB COT. 
For SS/PBCH block transmission in NR-U DRS, it has been identified as beneficial to include CSI-RS and RMSI-CORESET(s) and RMSI-PDSCH(s) in the same contiguous burst when transmission of CSI-RS/RMSI are configured [2]. This mechanism may be used to approximate periodicity for periodic or SPS CSI-RS. However, in the case that the minimum periodicity of the NR-U DRS is larger than the periodicity needed for the CSI-RS, additional solutions are needed.
To allow for more flexibility in scheduling, NR-U should consider configuring 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 mechanism (and the corresponding CSI feedback) is illustrated in Figure 4.


[bookmark: _Ref525867269]Figure 4: Periodic/SP CSI-RS and Periodic/SP CSI-reporting
Proposal 5: 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 6: 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.

Summary
This contribution discussed some details regarding the DL channels for NR-Unlicensed. In the following, the discussed proposals are listed:   
[bookmark: _GoBack]Proposal 1: NR-U should consider using only NR-based designs in the choice of the NR-U preamble.
Proposal 2: NR-U to consider a PDCCH monitoring procedure where monitoring on a mini-slot granularity is used at the beginning of the COT immediately after a successful LBT and slot-based monitoring is used at the beginning of the first full slot of the COT.
Proposal 3: NR-U to consider defining new entries in the SFI table to account for partial slots due to the COT starting immediately after a successful LBT.
Proposal 4: Scheduling multiple transmission opportunities for PDSCH over multiple TTIs each using a separate DL grant in the same PDCCH monitoring occasion is beneficial and should be supported in NR-U.

Proposal 5: 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 6: 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.
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