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1. Introduction
At the RAN1#94 meeting, RAN1 discussed issues on NR-based access to unlicensed spectrum (NR-U) and obtained some agreements for DL signals and initial access procedure as shown in following with some details need further consideration [1]:
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.
Agreement:
· 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 focus on potential methods on SS/PBCH block transmission in initial access against LBT failure. 
2. Enhancement of SS/PBCH block in NR-U
As agreements in the latest meeting, necessary modification and enhancement of SS/PBCH block for initial access in NR-U are benefit to meeting OCB requirement, compacting signals, support of stand-alone deployment and so on. Considering the inclusion of SS/PBCH block and corresponding RMSI-CORESET+PDSCH and CSI-RS in one contiguous burst, RMSI/CSI-RS multiplexing with SS/PBCH block in frequency domain should be a natural choice, so CAT2 LBT could be used to transmit NR-U DRS. Further, if PDSCH is also included in NR-U DRS and multiplexed in time domain with associated SS/PBCH block, CAT4 LBT could be adopted. The characteristics of components in NR-U DRS, such as multiplexing mode, periodicity, and time duration should be considered to determine LBT priority. In other words, proper LBT priority should be adopted according to the structure of NR-U DRS in corresponding resources.
3. SS/PBCH block transmission mechanism against LBT failure
Due to LBT failure, the uncertainty of SS/PBCH block transmission at predefined time location for initial access is introduced in NR-U no matter which LBT priority is employed. According to the agreement of RAN1#93 meeting, the design of NR-U DRS should strive to minimize the channel occupancy time of the signal and consider characteristics that may facilitate fast channel access. So, the first principle for SS/PBCH block transmission design should be minimizing the duration and increasing opportunity of SSB transmission. As mentioned above, examples of candidate mechanisms against LBT failure for further consideration with enhancements or modifications can be discussed in the following. More or less, additional signalling overheads are inevitable for all alternatives to indicate UE whether the received SSB is deferred due to LBT failure compared with predefined time position. 
For Alt1: shift SSB(s) in time to the next transmission instance, although Alt1 maybe need least additional overheads, maximum delay for dropped SSB is unacceptable. Obviously, it is not conform to the design principle of minimizing the channel occupancy time of access signals, and it also destruct the integrity of SSBs transmission to some extent for the UEs within coverage of dropped SSB(s). 
For Alt3: Network to flexibly position SSB index and indicate the timing information. It can utilize the time-frequency resources most efficiently and shorten the delay for dropped SSBs to the most extent. However, the benefits of flexibility are obtained at the price of much too additional signalling overheads for timing information. Impacts on resources allocation, broadcast signal payload and access signal format from flexible schedule of dropped SSBs also should be considered, especially for the UEs performing blind detect during the initial access procedure with few system information.
For Alt2: Cyclically wrap the SSBs dropped due to LBT failure around to the end of the burst set transmission. It is a reasonable approach with tradeoff between time delay and signalling overhead. With predefined positions at the end of burst set for dropped SSBs, moderate timing information proportional to the number of dropped SSBs should be delivered to UE. At the same time, reissue of dropped SSBs in the same burst set transmission window(5ms) offer a acceptable time delay and simplify blind detect for UE.
For 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, there may be a difference between nominal transmitted beams and actually transmitted beams. For the beams not actually transmitted, gNB can bypass these beams no matter the channel in corresponding directions are occupied or not. So, gNB only skip the transmission of certain SSB(s) which is carried by actually transmitted beam(s) in occupied direction(s) and remain the others unchanged. Compared with omnidirectional sensing, opportunity of SSB transmission is increased when LBT requirement is met in most directions, and it is not necessary to shift the transmission of all SSBs\beams. For the dropped SSBs, it could be transmitted by cyclically wrapping mechanism, and gNB could deliver necessary timing information indicated to UE with additional signal implicitly or explicitly. 
Proposal 1: Prefer to cyclically wrap the dropped SSBs due to LBT failure around to the end of the burst set transmission.
Further, with multiple beams transmitted simultaneously, parallel beam sweeping method could minimize beam sweeping duration and deduce block probability at same time. 
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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 timing information also should be conveyed to UE to indicate parallel sweeping.
Proposal 2: Parallel beam sweeping method could be considered to minimize channel occupancy time for SSB transmission in NR-U.
4. Conclusion
In this contribution, we consider issues on initial access for NR-U. The following proposals are made: 
Proposal 1: Prefer to cyclically wrap the dropped SSBs due to LBT failure around to the end of the burst set transmission.
Proposal 2: Parallel beam sweeping method could be considered to minimize channel occupancy time for SSB transmission in NR-U.
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