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Introduction
In RAN1#92bis meeting, the following agreements were made [1].
Agreement:
· For sub-7 GHz, NR-U study the SCSs, 15/30/60KHz
· Study performance difference between different SCS
· Study if changes to UL design are needed to meet the PSD and OCB requirements
· Study if an SS block design/RMSI/OSI with 60KHz SCS is needed 
· Impact on MIB and SIB1 content 
· Need for use of ECP for 60KHz
· RACH design with 60KHz SCS in addition to options currently part of NR
· Other considerations are not precluded. 
· Impact on support of different BWs with different SCS

In RAN1#93 meeting, the following agreements were made [2].
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 RAN1#94 meeting, the following agreements were made [3].
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 discuss the design of DL signals and channels for unlicensed NR. Especially, we focus on discussing the numerology of discovery reference signal (DRS) and preamble signal. This contribution is a revision of R1-1810632.

Discussion
Numerology
RAN1 discussed whether the SS/PBCH block should support 60 kHz SCS or not. Compared to the use 15 or 30 kHz SCS for SS/PBCH blocks, there are two main advantages of SS/PBCH blocks with 60 kHz SCS: short channel occupancy time and wider occupied channel bandwidth.
Considering channel occupancy time (COT), since the symbol duration with 60 kHz SCS is half of that with 30 kHz SCS, 8 SS/PBCH blocks can be transmitted within 1 msec. This SS/PBCH burst transmission duration allows NR-U to meet the requirement of one-shot LBT (LBT Cat.2) as well as LTE DRS.
Considering occupied channel bandwidth (OCB), according to ETSI regulations, the requirement for occupied channel bandwidth [3] is that 80% of a 20 MHz channel shall be occupied by any transmission. SS/PBCH blocks with 60kHz SCS are close to meeting this requirement.
In addition, 60 kHz SCS is suitable for transmission of PDCCH/PDSCH on unlicensed spectrum. If PDCCH/PDSCH uses 60 kHz SCS, it is a straightforward that DRS also uses 60 kHz.
In the agreement at RAN1#94 meeting, DRS includes RMSI. It is desirable for the included RMSI to use the same numerology with SS/PBCH block. Also, OSI could follow in a similar manner with RMSI because CORESET for OSI reuses the CORESET for RMSI.
Therefore, 60 kHz SCS should be supported for SS/PBCH block/RMSI/OSI in NR-U.
Proposal 1: 60 kHz SCS should be supported for SS/PBCH block/RMSI/OSI.

Preamble signal
RAN1 discussed the benefit of a preamble signal which could be transmitted prior to DL transmission burst. The following are our views on the benefits of using a preamble signal.
UE power saving
To efficiently utilize the accessed channel in unlicensed bands, data transmission with fine time granularity is important. By using wider SCS and non-slot-based scheduling, NR can support data transmission with short duration. However, to facilitate data scheduling with fine time granularity, the UE has to frequently monitor PDCCH occasions. As a result, compared to operation in the licensed bands, UE power consumption on unlicensed band may be increased. Moreover, it is wasteful for the UE to monitor PDCCH when the gNB has not transmitted PDCCH.
A preamble signal would bring the benefit of reducing the number of PDCCH monitoring attempts whilst maintaining fine time granularity of data scheduling. When a preamble is not detected, the UE can skip the monitoring of at least the UE-specific PDCCH during time durations where PDCCH cannot be transmitted (e.g. due to the channel being busy) so that the power consumption due to PDCCH monitoring can be reduced.
Improved coexistence with Wi-Fi
In Wi-Fi systems, Wi-Fi devices become aware of transmissions from other Wi-Fi devices by detecting the Wi-Fi preamble and thereby, avoiding packet collision. If each transmitting device did not transmit a Wi-Fi preamble prior to data transmission, packet collisions would increase due to increasing hidden node because energy detection threshold, which is -62 dBm, is higher than Wi-Fi preamble detection threshold, which is -82 dBm.
If gNB also transmits Wi-Fi preamble prior to DL transmission burst, Wi-Fi devices would detect this and become aware of the transmissions from gNB. Therefore, it would be beneficial for improving fair co-existence between Wi-Fi and NR.
Serving cell transmission burst acquisition
In LTE-LAA, by detecting CRS port 0/1 transmission, a UE can be aware of the presence of a DL transmission burst from the serving cell. After detection of DL transmission burst, the UE can perform receiving processes such as AGC, tracking, CSI measurement, and so on. On the other hand, in NR, since CRS does not exist in DL transmission, alternative signals to CRS will need to be considered.
A preamble signal is a suitable alternative signal for detection of DL transmission bursts since the preamble signal is always transmitted in the beginning of DL transmission bursts. By detecting this signal, the UE can be aware of the start of a DL transmission burst from the serving cell.
Further usage scenarios
Further, as agreed in RAN1#94 a NR-U DRS can be composed of a transmission burst carrying SS/PBCH combined with additional signals. The use of a preamble signal prior to NR-U DL transmissions could therefore be beneficial not only for PDCCH monitoring but also e.g. indication on whether a certain type of information is included in an NR-U DRS transmission. Hence, a preamble signal can be used as an indicator that the DRS includes a specific signal, control element type, or nothing.
From the foregoing, we can therefore see the benefit of introducing a preamble signal in NR-U.
Observation 1: A signal prior to DL transmission bursts (a.k.a. preamble signal) would be beneficial for UE power saving, improved coexistence, serving cell transmission burst acquisition, and indication of type of DL burst.
Proposal 2: Preamble signal prior to NR-U DL transmission burst should be adopted in NR-U.
Since signal reception with high complexity impacts on UE power consumption, for the purpose of UE power saving, a key design requirement for the preamble signal is detectability with low complexity. In addition, for the purpose of UE power saving and serving cell transmission burst acquisition, highly reliable detection for the preamble signal is also an important requirement because false-detection of serving cell transmissions causes degrading performance due to wrong channel measurement and increasing UE power consumption from unnecessary PDCCH monitoring. 
Observation 2: To facilitate UE power saving and DL burst acquisition, at least a signal design that facilitates preamble detection with low complexity and high reliability is necessary.
Proposal 3: NR preamble signal should  facilitate its detection with low complexity and high reliability.
It is noted that RAN1 has studied and designed the NR PSS/SSS in Rel-15 to fulfill similar requirements which is detectability with low complexity and high reliability. Therefore, NR PSS/SSS could be a starting point to consider the design of the signal that facilitates its detection with low complexity. To avoid receiver implementation complexity, at least the basic sequence of the signal should reuse that of NR PSS/SSS.
Proposal 4: The basic sequence of the NR preamble signal should reuse that of PSS/SSS.
In addition, in order for the UE to detect DL transmission bursts specifically from the serving cell, a parameter to distinguish between serving cell and neighbour cells needs to be carried by the preamble signal. In addition, assuming that multiple beam/TRP transmissions are present on NR-U, it could be considered that the preamble signal should be designed based on the parameter associated with the given beam/TRP such as SS/PBCH block index or VCID to allow the detection of the beam/TRP from which DL burst is transmitted. In addition, based on the discussion for the use case of preamble signal, other parameters should be considered for inclusion into the preamble signal. For example, the preamble signal may potentially include operator ID or information on which type of signals are included in the NR-U signal transmission.
Proposal 5: NR preamble signal design should incorporate at least the cell ID and a parameter associated with the particular beam/TRP.
· The necessity of other parameters (e.g. operator ID, type of DL burst) are further discussion in WI phase.
For improved co-existence with Wi-Fi, the requirement is totally different from that for UE power saving and serving cell transmission burst acquisition. To improve co-existence with Wi-Fi (especially with legacy Wi-Fi such as 802.11a/b/n/ac), only Wi-Fi preamble could be used for indication of COT because legacy Wi-Fi can receive only Wi-Fi preamble. To improve co-existence with Wi-Fi, the gNB can transmit 802.11x-based signal. On the other hand, it is not necessary for NR UE to receive the Wi-Fi preamble for the purpose of improved co-existence with Wi-Fi. Moreover, in terms of receiver cost, it should not be mandated to implement Wi-Fi receiver in NR-U.
Observation 3: To improve co-existence with Wi-Fi, gNB can transmit 802.11x preamble prior to DL burst. However, UE doesn’t need to receive 802.11x preamble.
Proposal 6: From the perspective of channel access, it could be specified that gNB may transmit 802.11x preamble. From the perspective of signal design, 802.11x preamble is not needed to be specified as NR preamble signal.

Conclusions
In this contribution, based on the above discussion we have the following proposals and observation:
Proposal 1: 60 kHz SCS should be supported for SS/PBCH block/RMSI/OSI.
Observation 1: A signal prior to DL transmission burst (a.k.a. preamble signal) would be beneficial for UE power saving, improved coexistence, serving cell transmission burst acquisition, and indication of type of DL burst.
Proposal 2: Preamble signal prior to NR-U DL transmission burst should be adopted in NR-U.
Observation 2: To facilitate UE power saving and DL burst acquisition, at least a signal that facilitates its detection with low complexity and high reliability is necessary.
Proposal 3: NR preamble signal should  facilitate its detection with low complexity and high reliability.
Proposal 4: The basic sequence of the NR preamble signal should reuse that of PSS/SSS.
Proposal 5: NR preamble signal design should incorporate at least the cell ID and a parameter associated with the particular beam/TRP.
· The necessity of other parameters (e.g. operator ID, type of DL burst) are further discussion in WI phase.
Observation 3: To improve co-existence with Wi-Fi, gNB can transmit 802.11x preamble prior to DL burst. However, UE doesn’t need to receive 802.11x preamble.
Proposal 6: From the perspective of channel access, it could be specified that gNB may transmit 802.11x preamble. From the perspective of signal design, 802.11x preamble is not needed to be specified as NR preamble signal.
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