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Introduction
During the RAN#75 meeting, a new SID was proposed to study NR-based access to unlicensed spectrum [1]. The justification for this proposal is similar to that used to initiate the LTE-based LAA, i.e. to continue to utilize the vast amount of unlicensed spectrum available worldwide. Although now, for NR-based access, additional bands of spectrum being considered, e.g. those found at 37 GHz and 60 GHz.
The WI description [1] highlights the following objectives: 
· “Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz
· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands 
· Consider similar forward compatibility principles made in the NR WI 
· Initial access, channel access, Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz, 37GHz, 60GHz bands 
· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier;”
For the NR-based access to unlicensed spectrum (NR-U) SI to enable even greater opportunities to improve cellular services, it will need to examine scenarios and solutions where it is anchored to a legacy LTE carrier by dual-connectivity (DC), similar to the non-standalone (NSA) mode of NR licensed, as well as carrier aggregation (CA) based aggregation using a 5G NR anchor. Standalone operation (SA) of NR-U will need to be examined as well. NR-U will need to accomplish this all while coexisting fairly with other technologies and fulfilling regulatory requirements.
In this contribution, we considered and discussed initial access in NR unlicensed spectrum. Particularly, we considered and discussed the synchronization signal operation in NR unlicensed spectrum.

[bookmark: _Toc503819807]Considerations for SS/PBCH Block Transmission
In licensed assisted non-standalone access, an unlicensed band operation could rely on the assistance of a primary component carrier in licensed band. In NR-U standalone operation, all functionalities and features should be fulfilled on unlicensed bands including initial access. Initial access is essential for standalone operation. Due to spectrum characteristics and regulatory requirements, e.g., uncertainty of channel availability, the Occupied Channel Bandwidth (OCB) requirement, etc, designs are needed to enable initial access in licensed band to be compatible with unlicensed band operation. 
For synchronization signal (SS) and NR-PBCH, SS blocks are present consecutively per SS burst set for NR licensed band operation. The maximum transmission bandwidths of SS blocks are 5, 10, 40 and 80 MHz with 15, 30, 120 and 240 KHz subcarrier spacing correspondingly. Due to channel access failure arising from listen before talk (LBT), the SS block locations within a slot may not be optimum for NR unlicensed band operation which may result in performance degradation of SS block detection. Uncertainty of channel availability may also have impact on the SS burst configuration such as the periodicity and time-window size of SS burst set. In addition, the OCB requirement is not considered for transmission bandwidth of SS blocks which is required for NR-U. SS blocks to fulfil LBT and OCB requirement should be considered for NR-U.
In NR-U SS/PBCH transmission may be based on the structure of synchronization signal block (SSB) and SSB group (SSBG). In order to reduce impact due to LBT, SSBs may be transmitted in group consecutively. For each LBT, one or more SSBGs may be transmitted consecutively as well. In order to avoid gap between SSBs and reduce the waste of resource, full SSBs per SSBG may be used. For example, eight SSBs can be transmitted in each SSB group.
Multi-stage SS/PBCH transmission may include SS burst set (SSBS) for LBT as well as SS transmission structure. Multi-stage SSBS/SSBG/SSB transmission may comprise: SSBS stage, SSBG stage and SSB stage. LBT may be integrated with multi-stage SS transmission structure. For example, multi-stage LBT based on SSBS/SSBG/SSB may be:
· Stage 1: No LBT for SSB level
· Stage 2: Fast LBT for SSBG level
· Stage 3: Long LBT for SSBS level
Hierarchical multi-stage beam transmission for LBT may be implemented. Hierarchical multi-stage beam transmission using different beamwidths such as widebeam, medium beam and narrow beam for LBT as well as SSB transmission. For example, widebeam may be used for SSBS, medium beam may be used for SSBG and narrow beam may be implemented for SSB for LBT operations.
NW may perform LBT before SSB transmission. COT may be based on SSB group to facilitate the SSB transmission and SSB indication. NW may perform LBT before each SSBG transmission. UE may be indicated with SSB group indication for SSB group transmission and reception. UE may use SSB and SSB group indication for power saving, rate matching and mobility measurement. The SSBG-based LBT can enable low latency and fast SS acquisition. In order to have more flexible SS/PBCH transmission, flexible COT-based SS/PBCH transmission may be used. NW may refine the SSB transmission by LBT before each SSB transmission. UE may be indicated with SSB indication within each SSB group.

Proposal 1: For efficient SS/PBCH transmission in NR-U, hierarchical multi-stage LBT and SS/PBCH trnamission can be considered.

Channel Access and Reservation for SS/PBCH 
NW can reserve the channel for COT duration for SSB or SSBG transmission. COT can depend on the transmission duration of SSB or SSBG. The following can be considered:
· Short LBT with short channel reservation duration
· Long LBT with long channel reservation duration
Short LBT with short channel reservation duration can be used for SSB transmission. Long LBT with long channel reservation duration can be used for SSBG or SS burst set transmission. 
A channel access priority class may consider short LBT with long channel reservation duration. This may be used to enable efficient SSB transmission in NR-U. Due to large number of SSBs, a long duration for SSBS transmission may be required. If short channel reservation duration is used, SSB transmission may be more subject to channel unavailability and LBT. If long LBT is used, SSB transmission may be blocked. Reduce the duration of LBT can increase the chance to access the Channel. For high priority class channel access such as SSB transmission, short LBT and long channel reservation duration should be considered and can be used. For example, short LBT with long channel reservation duration can be used for SSBG or SS burst set transmission with high priority channel access.

Proposal 2: Different channel access classes for SS/PBCH transmission can be considered in NR-U.

Conclusions
In this comtribution we considered synchronization signal for initial access in NR-U. The related observations for SS in NR-U were discussed. We have the following proposals:
Proposal 1: For efficient SS/PBCH transmission in NR-U, hierarchical multi-stage LBT and SS/PBCH trnamission can be considered.
Proposal 2: Different channel access classes for SS/PBCH transmission can be considered in NR-U.
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