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Introduction
In the RAN1#93 meeting [1], 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
The agreements on NR-U-DRS signal from RAN1#94 meeting [3], are as follows: 
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 contribution, we address some further aspects related to downlink channels in NR-U based on the agreements made. 
NR-U DRS
An NR-U DRS signal has been agreed on that includes an SS/PBCH burst set that may include the CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying the RMSI) associated with SS/PBCH block(s) [3]. 
NR-U-DRS Multiplexing: To multiplex the signals, any of the three patterns that NR R15 supports for multiplexing the SS/PBCH block and the CORESET/RMSI may be used. However, some restrictions may be needed based on the transmission bandwidth, the subcarrier spacing used and the frequency band. NR R15 supports three possible multiplexing patterns. Pattern 1 would allow for transmission of the NR-U-DRS with any sub-carrier spacing (SCS) at any bandwidth. However, Pattern 1 may have a problem with 15 kHz or 30 kHz SCS due to the gap between the SS/PBCH block and CORESET/RMSI. The gap should be set to less than 25 usec to allow for CAT 2 LBT on transmission of the CORESET/RMSI and prevent the need an elaborate CAT 4 LBT procedure.
Patterns 2 and 3 may compact the signals in the time domain, reducing the channel occupancy and assist in meeting the OCB requirement. The shorter channel occupancy may help in ensuring that a limited LBT, e.g. CAT 2 LBT, may be used for the NR-U-DRS signals. However, with a sub-carrier spacing of 60 kHz, a 20 MHz transmission BW may not be sufficiently wide to carry both the SS/PBCH block and the CORESET/RMSI and pattern 1 may have to be used. This may not be an issue for transmission in the FR2 band due to the availability of larger bandwidths. 
Structure based on LBT: Due to LBT, the transmission of NR-U DRS may fail. As such, the structure of the NR-U-DRS and the way it is transmitted should factor in the possibility of non-transmission due to LBT failure. In LTE-LAA, a DRS consisting of synchronization and reference signals can be transmitted within a periodically occurring time window called the DRS measurement timing configuration (DMTC) occasion which has a duration of 6 msec and a configurable period of 40/80/160 msec. The transmission of DRS is also subject to LBT. In NR, the concept of an NR-U-DRS window may also need to be introduced, but may need to be modified to account for the addition of multiple blocks. This modification may be by one of the following:
· Alternative 1: Time Shifting in which every occasion where LBT was successful may be used as offset for all the contiguous SSB/DRS following it.
· Alternative 2: Cyclic Extension in which we may truncate the start of the SS/PBCH block burst set upon LBT failure and cyclically wrap the dropped indices around to the end of the burst set transmission.
· Alternative 3: Creating SSB Tx opportunities with multiple SSB indices in which a mechanism may allow network to flexibly position SSB index and indicate the timing information.
On the configurable period supported by the NR-U-DRS window, as NR-U is mandated to support stand-alone deployments, a minimum SS/PBCH periodicity of 40 msec may not be sufficient given that there is no assisting licenced carrier. As such higher periodicities should be allowed. Note that the NR-U-DRS window should support transmission of any additional channels, including paging, with the flexibility of adding or removing any signal to allow DRS window technique to be used for stand-alone signals if periodicities are different.
[bookmark: _Hlk525822912]Proposal 1: The design of the NR-U-DRS window should take into consideration the multiple SS/PBCH blocks transmitted and the fact that NR-U may be a standalone system. 
DL RS
DL RS may be either the Demodulation Reference Symbol (DMRS), the Channel State Information Reference Symbol (CSI-RS) or the Phase Tracking Reference Symbol (PTRS). 
DMRS and PTRS: The DMRS and the PTRS are embedded 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 2.


[bookmark: _Ref525867208]Figure 2: 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 [2]. 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. DRS is transmitted within the window and is subject to LBT [3].
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 3.


[bookmark: _Ref525867269]Figure 3: Periodic/SP CSI-RS and Periodic/SP CSI-reporting
[bookmark: _Hlk525822935]Proposal 2: 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 3: 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. The periodic or SPS CSI-RS can be sent as part of an NR-U-DRS window.
DL Control (PDCCH) and Data Channels (PDSCH)
Rel-15 specifications modifications w.r.t. CORESET configuration and DL control structures: 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 NR-U, to maximize the resource usage efficiency, the transmission should be allowed at any time following a successful LBT procedure. This may require modifications w.r.t. the CORESET configuration and DL control structures. For example, the UE can be scheduled with a mini-slot granularity during the random transmission stage and later be scheduled at the slot-level granularity during the deterministic transmission stage. An example of NR-U frame structure with LBT procedure and the associated PDCCH monitoring is shown in Figure 4.
[bookmark: _Hlk525822944]Proposal 4: NR-U to consider a PDCCH monitoring procedure where monitoring on a mini-slot granularity is used at the beginning of the COT and slot-based monitoring is used at the beginning of the first full slot of the COT.
Preamble for power saving 
In an unlicensed band operation, it happens often that gNB is waiting for the channel to be available while UE unaware of this, may perform PDCCH from one slot to the next. Since no PDCCH is being transmitted, this PDCCH monitoring effort is wasted and leads to unnecessary power consumption. To aliviate this problem, it has been proposed that 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. In the following, possible attributes of such preamble, referred to as NR-U preamble, are evaluated. 
One aspect of the NR-U preamble is whether time-domain vs frequency-domain detection should be considered. Time-domain processing is mostly associated with signal detection, whereas frequency-domain processing is associated with channel detection. The trade-off is additional power saving (in time-doamin detection since a UE need not perform some PHY baseband processing) vs carrying additional information (in a downlink channel for which frequency-domain processing is required). As the result of time-domain processing, the UE can only determine whether a specific signal has been detected or not, where the certainty deteriorates in low signal to noise ratios. If the sole goal of introducing an NR-U preamble is for power saving then a signal may be enough. The signal may be UE-specific which helps to trigger specific UEs for the COT. However, if the purpose of the NR-U preamble is more than power saving, e.g. for intra-RAT or inter-RAT coexistence as disucced under 7.2.2.4.1 agenda item, then additional benefits can be obtained if the the NR-U preamble has a downlink channel design.  



Figure 4: NR-U preamble before start of a COT

It has been proposed that the NR-U preamble to include the 802.11a preamble. The preamble of 802.11a consists of two short and long training signals (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 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 power saving perpective, there are opposing arguments in 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 are many WiFi devices whose frame transmission always start by the 11a preamble. Therefore for NR-U devices, that are designed to trigger PDDCH monitoring after the detetion of 11a preamble, this leads to start of PDCCH monitoring while there is no PDCCH. 
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 is a BWP change. It should be further evaluated how much delay is incurred by swiching from SCS=312.5kHz to SCS=15/30/60kHz.  
Proposal 5: To consider 802.11a preamble as NR-U preamble, the pros and cons in power saving in a joint NR-U/WiFi deployment scenario should be studied. 
It has been proposed that NR-U preamble to include NR-based signals such as PSS/SSS, DM-RS etc. As described above, power saving trade-offs for time-domain detection of a downlink signal vs frequency-domain detection of a downlink channel, as well as UE-specific vs broadcast signal should be considered while choosing an NR-based signal as NR-U preamble.
Proposal 6: To consider an NR-based signal as NR-U preamble, the power saving trade-offs for time-domain detection of a downlink signal vs frequency-domain detection of a downlink channel, as well as UE-specific vs broadcast signal should be considered. 
Enhancements to PDSCH mapping type B
For single and multiple DL-to-UL or UL-to-DL switching within a shared gNB COT, and with a gap of up to16µs, 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 16µs one-shot LBT is needed. In this case, there is a possibility that there may be an LBT failure and no guarantee of availabile 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. 
In current agreements, 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.
[bookmark: _Hlk525913125]Similarly, for DL transmissions, in the case of multiple switching points within the shared gNB COT, where the gap between the first and second DL transmission exceeds 16µs the gNB may have to perfom an LBT before transmission. 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 5 as it reduces the need for additional signaling to allocate resources in the middle of the aggregation. 


[bookmark: _Ref525867646]Figure 5: Multiple Transmission Opportunities for DL data channel
Proposal 7: 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. 

Summary
This contribution discussed some details regarding the DL channels for NR-Unlicensed. In the following, the discussed proposals are listed:   
Proposal 1: The design of the NR-U-DRS window should take into consideration the multiple SS/PBCH blocks transmitted and the fact that NR-U may be a standalone system. 
Proposal 2: 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 3: 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. The periodic or SPS CSI-RS can be sent as part of an NR-U-DRS window.
Proposal 4: NR-U to consider a PDCCH monitoring procedure where monitoring on a mini-slot granularity is used at the beginning of the COT and slot-based monitoring is used at the beginning of the first full slot of the COT.
Proposal 5: To consider 802.11a preamble as NR-U preamble, the pros and cons in power saving in a joint NR-U/WiFi deployment scenario should be studied. 
Proposal 6: To consider an NR-based signal as NR-U preamble, the power saving trade-offs for time-domain detection of a downlink signal vs frequency-domain detection of a downlink channel, as well as UE-specific vs broadcast signal should be considered. 
Proposal 7: 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. 
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