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Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]During the RAN1#93 meeting, issues on NR-based access to unlicensed spectrum (NR-U) were studied and some design principles were developed. For both non-standalone and standalone mode NR-U operation, initial access procedure is an important item which includes SS/PBCH block (SSB) transmission, broadcast and Paging, RACH procedure, and mobility procedure.
Several agreements related to potential physical layer channel design and potential physical layer procedures in RAN1#93 meeting are shown as following with some details need further consideration [1]:
Agreement:
· [bookmark: _Hlk500847837]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
Agreement:
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
In this contribution, we discuss issues on SSB design and transmission for initial access in NR-U, and focus on potential methods to decrease the effect of LBT failure on SSB transmission opportunities. 
Initial Access based on SSB in NR-U
As mentioned in recent meetings, the view that beam based data transmission should be adopted with necessary modification and enhancement for initial access in NR-U is shared by most companies. At the same time, study items on NR-U also should inherit physical layer design made as part of the NR study and avoid unnecessary divergence with decisions made in the NR WI.
With respect to channel characteristics and deployment scenarios in NR-U, initial access procedure based on beam sweeping should be used, considering severe attenuation and acceptable interference in much higher operating bands and much larger bandwidths of NR-U compared with NR, LTE and LTE based LAA. As defined in LTE LAA, PSS/SSS signal are supported for discovery function. No matter for stand-alone scenario or non-stand-alone scenario, at least SSB signal carrying main system information and timing information are necessary for initial access, and should be reused to a great extent as the baseline of SSB design for forward compatibility. Further, beam measurement and management mainly based on SSB signal also could be reused as a key method of RRM in NR-U. Under the constraint of fair coexistence with other RATs(e.g. WiFi, LAA LTE), initial access design should be a tradeoff between less overhead and better performance as a whole, considering spectrum efficiency, reliability and latency comprehensively. 
[bookmark: _Toc503819807]SS/PBCH Block Transmission Design in NR-U
Different from SSB transmission in NR, a clear channel assessment (CCA) based on energy detection (ED) is mandatory before obtaining access to the channel. For beam sweeping based initial access in NR-U, the most difficult issue seems to lie in the impact of LBT regulation on SSB transmission, although other regulatory requirements such as MCOT and OCB also should be studied jointly. Similar resolution mechanism can be used to other procedures of initial access such as Paging and RACH.
Due to LBT failure, the uncertainty of SSB transmission occasion for initial access is introduced in NR-U. Aim to transmit all SSBs in a certain pattern within transmitting period, the first principle for SSB transmission design is minimizing the duration and increasing opportunity of SSB transmission. In general, several methods to achieve timely SSB transmission could be summarized as:
-Reducing the number of SSB OFDM symbols
-Multiplexing PSS/SSS/PBCH signals in frequency domain
-Redesigning SSB arrangement pattern to optimize SSB location and reduce timing gap
-Increasing the SSB burst set transmission occasion in a transmitting window (5ms) 
-Using high-priority LBT similar to that in LTE-LAA
To meet the LBT requirement, gNB should perform channel sensing prior to the transmission of each beam during initial access procedure, or perform a single sensing before a round of beam sweeping. In the case of sensing for each beam, much more time is needed to perform sensing completely and certain beams may be blocked due to LBT failure, while for sensing only before a round of sweeping, although additional signalling overhead can be saved, interference seems to be inevitable. Obviously, compromising between system performance and cost may be a reasonable solution. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]According to each directional beam, beam based directional sensing, instead of omnidirectional sensing, could be considered to depress sensing overhead and meet the LBT requirement together. In addition, as defined in NR related specification, there may be a difference between nominal transmitted beam pattern and actually transmitted beams. In other words, not each beam in a SSB burst set will always be transmitted. If one beam in certain direction is not need to be actually transmitted, gNB can bypass this beam no matter the channel in corresponding direction is occupied or not. So, either performing channel sensing for each beam or performing a single sensing before a round of sweeping, gNB could prepare to start SSB transmission procedure even target channel is occupied in few direction, and only defer the transmission of certain SSB(s) which is carried by actually transmitted beam(s), namely only skip the beam transmission in certain direction(s) and remain the others unchanged. Compared with the case where regular omnidirectional sensing method is used, opportunity of SSB transmission is increased when LBT requirement is met in most directions, and there is no need to completely shift the transmission of all SSBs\beams.
For the deferred SSB(s), it could be transmitted and indicated by predefined mechanism to deliver necessary timing information to UE. Taking an example as shown in Figure 1, with a single directional sensing in LBT before a round of beam sweeping, gNB found that the channel in direction of the beam for SSB2 is occupied, gNB still can sweep all beams in predefined time pattern except the beam for SSB2, and skip the corresponding time interval of SSB2. After a SSB burst set is transmitted within a given time window(5ms), followed by a certain delay Δ=T3-T2 conforming to LBT requirement, and then the beam for SSB2 is transmitted. To avoid ambiguous timing information of SSB2 for UE(uncertainty of normal transmission or deferred transmission), the deferred beam SSB2 could be indicated with additional signal implicitly or explicitly, such as indicator bit(s) or orthogonal scrambling code(s) in PBCH. 


Fig.1 An example of SSB beam transmission
Proposal 1: Directional sensing should be considered for LBT in NR-U, and indication mechanism of delayed SSB beam transmission due to LBT failure should be studied. 
Further, with multiple beams transmitted simultaneously, parallel beam sweeping method could minimize beam sweeping duration and deduce block probability at same time. 


Fig.2 An example of parallel beam sweeping
In the figure 2, an example of comparison between normal beam sweeping and two-beam parallel sweeping method is shown. For parallel beam sweeping, duration of SSB burst set transmission is reduced in half, and if necessary each SSB could be transmitted twice in original transmission duration T. What’s more, with respect to the limitation of maximum channel occupy time (MCOT) applied to LTE LAA, such as 12 symbols with 15KHz subcarrier spacing for transmission including DRS without PDSCH, the similar rules should be considered for NR-U to keep fairness and compatibility. So, the parallel beam sweeping method has inherent advantage with minimized channel occupancy time for SSB transmission. Even the number of parallel sweeping beam can be configurable in advance to adapt to different deployment scenarios with different SSB transmission durations. Similar to proposal 1, additional information also should be conveyed to UE implicitly or explicitly to indicate regular beam sweeping or parallel sweeping and avoid ambiguous timing information.
Proposal 2: Parallel beam sweeping method should be considered to minimize channel occupancy time for SSB transmission in NR-U.
Conclusion
In this contribution, we consider issues on initial access for NR-U. The following proposals are made: 
Proposal 1: Directional sensing should be considered for LBT in NR-U, and indication mechanism of delayed SSB beam transmission due to LBT failure should be studied.
Proposal 2: Parallel beam sweeping method should be considered to minimize channel occupancy time for SSB transmission in NR-U.
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