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1 Introduction
From the RAN1#93 to RAN1#94 meeting, we discussed initial access and mobility procedure for NR-U operation and the followings were agreed [1]-[2].
	Agreements at RAN1#93:
· NR-U should have a signal that contains at least SS/PBCH block burst set transmission
· FFS: Other channels and signals transmitted together as part of the signal
· The design of this signal should consider the following characteristics specific to unlicensed band operation
· There are no gaps within the time span the signal is transmitted at least within a beam
· FFS: Whether any gaps are needed for beam switching and, if needed, their duration
· The occupied channel bandwidth is satisfied (although this may not be a requirement)
· Strive to minimize the channel occupancy time of the signal
· Characteristics that may facilitate fast channel access
· Initial active DL/UL BWP is approximately 20MHz for 5GHz band
· The final value will be quantized to number of PRBs
· Initial active DL/UL BWP is approximately 20MHz for 6GHz band if similar channelization as 5GHz band is used for 6GHz band
· FFS: Initial active DL/UL BWP for other applicable bands, including 60GHz
· The following modifications to initial access procedures are beneficial
· Modifications to initial access procedures considering limitations on access to the channel based on LBT
· Develop techniques to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure
· Enhancement to 4-step RACH
· Mechanisms to handle reduced msg 1/2/3/4 transmission opportunities due to LBT failure
· 2-step RACH potentially has benefit for channel access
· Potential modifications to RLM/RRM procedures due to reduced transmission opportunities for DL signals and channels due to LBT failure should be identified and studied
· Modifications to paging procedures due to reduced transmission opportunities for paging due to LBT failure are beneficial and should be identified and studied.

Agreements at RAN1#94:
· It is recommended to define a mechanism to transmit SSBs dropped due to LBT failure 
· Following are examples of candidate mechanisms for further consideration with enhancements or modifications not precluded:
· Alt-1: Shift SSB(s) in time to the next transmission instance 
· Alt-2: Cyclically wrap the SSBs dropped due to LBT failure around to the end of the burst set transmission
· Alt-3: Network to flexibly position SSB index and indicate the timing information
· Other alternatives are not precluded
· It is recommended to define a mechanism for UE(s) to determine the timing and QCL assumptions from the detected SSB


In this contribution, we provide our view on SS/PBCH block design for NR-U operation and discuss how to handle reduced SS/PBCH block due to LBT failure by considering multiple opportunities in a given time window.
Discussion 
SS/PBCH block design for NR-U operation
Before specifying the SS/PBCH block design in NR Unlicensed, it is necessary to discuss whether 60kHz SCS is supported or not. In NR system, [15, 30, 60] / [60, 120, 240] kHz subcarrier spacing are supported below 6GHz and above 6GHz respectively. When using the 60 kHz subcarrier spacing for SS/PBCH block in NR-Unlicensed band, due to the fact of a smaller symbol duration with larger subcarrier spacing, the opportunity for channel access can be increased and unnecessary reservation signal to occupy the channel can be avoided. Therefore, under the scope of this NR-U WI including only sub-7GHz, it seems beneficial to support 60kHz subcarrier spacing for NR-U operation and it should be further investigated whether or not other subcarrier spacing, e.g., 15kHz or 30kHz, can also be supported.
· Observation 1: Under the scope of this NR-U WI including only sub-7GHz, it seems beneficial to support 60kHz subcarrier spacing for NR-U operation due to more channel access opportunity by small symbol duration.
Since there is no SS/PBCH block using 60 kHz subcarrier spacing in NR licensed system, however, it is necessary to allow the SS/PBCH block with 60 kHz subcarrier spacing in NR Unlicensed. In order to minimize the channel occupancy time of the SS/PBCH block transmission, it may be desirable to support 60 kHz subcarrier spacing for SS/PBCH blocks, which can provide a large number of transmission opportunities for SS/PBCH blocks.
· Observation 2: It may be desirable to support 60 kHz subcarrier spacing for SS/PBCH blocks, which can provide a large number of transmission opportunities for SS/PBCH blocks.
In the previous RAN1#93 meeting, for the design of a signal containing at least SS/PBCH block burst set transmission, the following characteristics specific to unlicensed band operation were agreed.
	· There are no gaps within the time span the signal is transmitted at least within a beam
· FFS: Whether any gaps are needed for beam switching and, if needed, their duration
· The occupied channel bandwidth is satisfied (although this may not be a requirement)
· Strive to minimize the channel occupancy time of the signal
· Characteristics that may facilitate fast channel access


In addition to the above characteristics, we need to consider additional characteristics for SS/PBCH block burst set transmission such as 1) the LBT gap within a slot for PDCCH/PDCCH transmission at the slot boundary, 2) no gaps for consecutive transmission within a slot not to allow the medium by other LBT irrespective of within a beam or between different beams.
· Observation 3: It may be desirable to apply additional characteristics to the signal containing the SS/PBCH block as follows:
· To set an LBT gap within a slot for PDCCH/PDCCH transmission at the slot boundary 
· To allow consecutive transmission within a slot not to allow the medium by other LBT irrespective of within a beam or between different beams 

Handling reduced SS/PBCH block due to LBT failure considering limitations on access
Similar to DRS in LTE-LAA to have multiple opportunities within a configured DMTC window, there might be to consider that multiple SS/PBCH block transmission opportunities can be set up within a given window e.g. 5ms half radio frame. Figure 1 shows the candidate slot positions for SS/PBCH block transmission in a given time window in case of 60 kHz subcarrier spacing. As shown in Figure 1, the transmission opportunity for maximum L SS/PBCH blocks can be repeatedly allowed to the next slots for the SS/PBCH block transmission due to LBT failure within a given time window for SS/PBCH block e.g. 5ms half radio frame. From the UE’s perspectives, it may be assumed that the UE tries to receive the SS/PBCH block once in multiple opportunities within a given time window for SS/PBCH block transmission.
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(a) Maximum L=4 # of SS/PBCK blocks in case of 60kHz subcarrier spacing
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(b) Maximum L=8 # of SS/PBCK blocks in case of 60kHz subcarrier spacing
Figure 1. Candidate slot positions for SS/PBCH block transmission for a given time window in case of 60kHz subcarrier spacing
· Observation 4: Similar to DRS in LTE-LAA to have multiple opportunities within a configured DMTC window, it can be considered that multiple SS/PBCH block transmission opportunity can be set up within a given window for handling reduced SS/PBCH block due to LBT failure

Conclusion
In this contribution, we have discussed on SS/PBCH block design for NR-U operation and how to handle reduced SS/PBCH block due to LBT failure. We summarize our view as follows. 
· Observation 1: Under the scope of this NR-U WI including only sub-7GHz, it seems beneficial to support 60kHz subcarrier spacing for NR-U operation due to more channel access opportunity by small symbol duration.
· Observation 2: It may be desirable to support 60 kHz subcarrier spacing for SS/PBCH blocks, which can provide a large number of transmission opportunities for SS/PBCH blocks.
· Observation 3: It may be desirable to apply additional characteristics to the signal containing the SS/PBCH block as follows:
· To set an LBT gap within a slot for PDCCH/PDCCH transmission at the slot boundary 
· To allow consecutive transmission within a slot not to allow the medium by other LBT irrespective of within a beam or between different beams 
· Observation 4: Similar to DRS in LTE-LAA to have multiple opportunities within a configured DMTC window, it can be considered that multiple SS/PBCH block transmission opportunity can be set up within a given window for handling reduced SS/PBCH block due to LBT failure
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