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1. Introduction
Starting from Rel-13, LTE-LAA/eLAA has been introduced for the unlicensed operation. As Rel-15 NR specifications have been expected to be completed by June 2018, it is beneficial to study the potential leverage of new NR designs to enhance the NR-based unlicensed access and thus NR-unlicensed SI has been approved for the study including various potential frequency spectrum (both below and above 6GHz), deployment scenarios (CA and DC based LAA and standalone with LTE and NR) [1].
In previous RAN1 meeting, RAN1 made following agreements related to frequency band and deployment scenarios for further study:
Agreement:
· The study targets identification of additional functionality needed for a PHY layer design (except channel access procedures) for operation in unlicensed spectrum that may be applicable over a particular frequency range (e.g., sub-7 GHz, 7-52.6 GHz, > 52.6 GHz).
· FFS: The definition of the frequency ranges
· Note: Optimizations for a particular frequency band may be necessary.
· Note: Channel bandwidths below 5 MHz are not targeted
· The study targets the design of channel access procedures for frequency bands based on coexistence and regulatory considerations applicable to the band.
· Note: The study includes identification of procedures for technology neutral channel access for frequency bands that may become available subject to regulations.
· The study assumes regulation will provide the framework concerning the protection for the techonologies not using unlicensed access in those bands.

Agreement:
From RAN1 design perspective, the study is not limited to a particular unlicensed band
Note: This does not have any implications on prioritizations between unlicensed bands
Note: The study does not target sub-1GHz unlicensed bands

Agreement:
Study the additional functionality needed beyond the specifications for operation in licensed spectrum in the following deployment scenarios. 
· Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)
· NR-U SCell may have both DL and UL, or DL-only.
· [bookmark: _Hlk500847868]Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· Stand-alone NR-U
· An NR cell with DL in unlicensed band and UL in licensed band
· [bookmark: _Hlk500847837]Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)

In this contribution, we briefly discuss how NR broadcast channel and signal designs can be utilized for the NR-based unlicensed access, as well as potential further enhancements.

1. Broadcast signals and synchronization
1. SSB and RMSI transmission
In NR-U, the transmission of SSBs is subject to the sensing result of Listen-Before-Talk (LBT), such that the UE cannot always expect to receive the SSBs periodically, which results in the performance degradation and complexed receiver implementation on soft combining. Moreover, due to the uncertainty of channel access from LBT, the delay of initial cell search may be enlarged. Hence, enhancement of the channel access of SSB may need further study in NR-U. The potential enhancements of SSB transmission for NR-U could be enlarged candidate SSB positions within SSB reception window (e.g. 5ms), the modified candidate SSB positions with minimized time gap between candidate SSB positions, or new introduction of candidate SSB positions for larger SCS (e.g. 60kHz in FR1, 480kHz in FR2). When considering reliable and low delayed NR-U operation, such enhancements needs to be evaluated during SI phase.
Observation 1: The potential enhancement on candidate SSB positions in the time dimension can be considered for NR unlicensed operation due to LBT fails.

In addition, due to the COT (Channel Occupancy Time) less than 1ms like LAA DRS, short LBT such as 25us LBT can be firstly considered for SSB transmission only. It is beneficial to apply the channel access procedure with higher priority for SSB transmission only, in order to guarantee the periodic SSB’s transmissions. In this case, depending on SSB’s SCS, there can be more than two consecutive candidate SSBs within the COT via short LBT. Such consecutive candidate SSBs can be considered as a SSB group, once a LBT is succeed. This unit (i.e. SSB group) may be used for various NR-U operation such as measurement, radio link monitoring, etc. Moreover, it also needs to be considered whether short LBT can be applied for multiplexing PDSCH/PDCCH (especially for higher SCS) and SSB transmission. For Long-LBT (e.g. Cat.4 LBT), same considerations need to be studied.
Observation 2: It is beneficial to apply the channel access procedure with higher priority for SSB only transmission. 

During Rel-15 NR WI phase, three patterns to multiplex SSB and RMSI transmissions have been introduced for both FR1 and FR2 as shown in Figure 1. For NR-U, how to multiplex SSB and RMSI should be discussed since there is requirement on the occupied channel bandwidth (OCB) and needs of efficient beam sweeping for the multiplexing of SSB and RMSI. In order to meet OCB, multiplexing pattern 2/3 of SSB and RMSI in the frequency dimension as seen in Figure 1 can be firstly considered. However, the practical limitation and UE capability requirement should be discussed when this pattern is employed. 

Figure 1: Multiplexing patterns of SSB and RMSI transmission

Due to the channel uncertainty caused by LBT as discussed, periodic transmission of SSB/RMSI cannot be guaranteed. Therefore, whether opportunistic transmission occasions following periodic ones are allowed should be discussed. It is beneficial to arrange such additional opportunities for SSB/RMSI transmissions especially for cell search and RRM measurement purposes. But how to design them and what disadvantages they may cause should be carefully addressed.   
Observation 3: Additional opportunities for SSB/RMSI transmission immediately following the pre-defined time slots can be considered for NR-U
Proposal 1: Evaluate enlarged opportunistic transmission of SSB and RMSI in NR unlicensed bands taking OCB and LBT regulations into accounts.

1. Random access procedure
In LTE LAA, initial access functionality has not been defined, including random access procedure and related physical channels/signals. On the other hand, in order to support standalone unlicensed operation, it is essential to support RACH procedure on top of SSB/RMSI. In NR, 4-steps PRACH procedure have been supported. If PRACH procedure is performed in the NR-U carrier, then four times LBT may need to be performed. This may result in the increase of the probability of random access failure. Furthermore, due to LBT failure, configured PRACH resource may be wasted. Therefore, to improve the channel access opportunity for PRACH, a simplified and efficient LBT for PRACH mechanism should be considered.
Furthermore, RACH preamble transmission needs to meet ETSI regulation requirement of OCB, thus new PRACH waveform may be required in frequency domain e.g. interlace preamble sequence allocation, repeated preamble transmission, scalable numerology or multiplexing with other UL signals, etc. 

Regarding the potential enhancements for random access procedure in NR-U, it is desirable to exploit the possibility to allocate flexible RACH occasions to the same maximum channel occupancy time (MCOT) as SSB/RMSI transmission. With this consideration, it can reduce LBT overhead at a UE side and also RACH procedure latency. Moreover, when the maximum retransmission count is reached due to LBT fails, further power ramp-up is necessary or not needs to be evaluated through further study.

Regarding the simplified RACH access, the two-step RACH procedure may be more suitable for unlicensed band operation than the conventional 4-step RACH. Furthermore, if the two-step RACH is employed, the OCB requirement for RACH can be probably easily met since UE transmits PRACH and data simultaneously in the first step. 

In summary, RAN1 should seek to reuse NR basic functionality for NR-U as much as possible, which has been introduced for licensed operation, while it is also necessary to meet the regulation requirements with the potential enhancements if justfied.
Observation 4: In order to meet the OCB and LBT/MCOT requirement, some new PRACH procedure and transmission schemes may be required for NR-U.
Proposal 2: NR strives to reduce UE’s LBT overhead and RACH access latency in a NR unlicensed operation. 

1. Paging and RRM measurement
For paging and measurement, pre-defined occasions are given in licensed spectrum operation to ensure reliable services. However, with unlicensed operation, the availability of medium becomes unpredictable due to LBT. For paging, this implies UE may not able to receive paging signal at pre-defined time slots when LBT fails. 

Figure 2: Actually transmitted SSB indication within MCOT

Similarly, periodic measurement samples may not be available since the network cannot guarantee the periodic downlink reference signal transmission is always possible as seen in Figure 2. Thus, it is a design issue about how to take the LBT regulation into account when designing paging, measurement and mobility for unlicensed operation. 
Proposal 3: NR takes the LBT regulation into consideration when designing paging, measurement and mobility for unlicensed operation.

1. Conclusion
In this contribution, we discussed on NR broadcast channel and signal designs for NR-U operation. As a conclusion, we summarize observations and proposals as following:
Observation 1: Additional candidate SSB positions in the time dimension can be considered with NR unlicensed operation due to LBT fails.
Observation 2: It is beneficial to apply the channel access procedure with higher priority for SSB only transmission. 
[bookmark: _GoBack]Observation 3: Additional opportunities for SSB/RMSI transmission immediately following the pre-defined time slots can be considered for NR-U
Observation 4: In order to meet the OCB and LBT/MCOT requirement, some new PRACH procedure and transmission schemes may be required for NR-U.

Proposal 1: Evaluate enlarged opportunistic transmission of SSB and RMSI in NR unlicensed bands taking OCB and LBT regulations into accounts.
Proposal 2: NR strives to reduce UE’s LBT overhead and RACH access latency in a NR unlicensed operation. 
Proposal 3: NR takes the LBT regulation into consideration when designing paging, measurement and mobility for unlicensed operation.
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