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Introduction
The study item of NR-based access to unlicensed spectrum was approved in RAN #75 meeting. Besides NR based license assisted access, standalone (SA) operation of unlicensed spectrum is also in the scope of this study item. In this contribution, we discuss some potential physical layer procedures in initial access and mobility that may require modification or may be beneficial to unlicensed spectrum operation. Some potential solutions are shared as well. This is a revision of R1-1804065. 
Discussion
In order to support standalone operation on unlicensed spectrum, initial access designs need to be addressed. In our view, a unified design for both NR licensed and unlicensed operations should be pursued whenever it is possible. However, due to some regulation requirements in unlicensed spectrum, such as listen-before-talk (LBT) and occupied channel bandwidth (OCB), some designs from NR licensed operation may not be adopted to NR unlicensed operation directly without any modification.
SSB/RMSI transmission
In NR licensed operation, there are three patterns to multiplex SSB and RMSI transmissions as shown in Figure 1. For unlicensed band operation, how to multiplex SSB and RMSI should be discussed since there is requirement on the occupied channel bandwidth (OCB). In order to meet OCB, multiplexing SSB and RMSI in the frequency dimension, such as Pattern 3 in Figure 1, can be considered. However, the practical limitation and UE capability requirement should be discussed when this pattern is employed. 
[image: ]
[bookmark: _Ref506622445]Figure 1: Multiplexing patterns of SS/PBCH and RMSI transmission

[bookmark: _Ref506627394]	As to the transmission occasion of SSB, due to the channel uncertainty caused by LBT, periodic transmission of SSBs 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. Besides, when operating in a multi-beam manner, repeated transmission of SS burst sets can assist UE for its RX beam sweeping to accelerate the downlink synchronization process in NR-U as illustrated in Figure 2.
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[bookmark: _Ref510612935]Figure 2: With multi-beam operation, when the network passes LBT, several SS bursts can be repeatedly transmitted in a row to accelerate UE’s downlink synchronization process.  

[bookmark: _Ref510616320]Proposal 1[image: ]: In order to meet the OCB requirement, multiplexing SSB and RMSI transmission in the frequency dimension can be considered with NR unlicensed operation.SS Bursts
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[bookmark: _Ref506627402]Observation 1: If network cannot transmit SSB and RMSI at pre-defined periodic time slots due to LBT failure, it is beneficial to have additional opportunities for SSB/RMSI transmission immediately following the pre-defined time slots. 
[bookmark: _Ref506627440]Proposal 2: Design for SSB and RMSI transmission in NR unlicensed bands should take OCB and LBT regulations into consideration.
[bookmark: _Ref510616451]Proposal 3: To assist UE to accelerate the downlink synchronization process, one or more SS bursts can be transmitted consecutively. 
Random access procedure
It is essential to support not only contention-free but also contention-based RACH procedures in unlicensed spectrum in order to support standalone unlicensed operation. Unlike LTE, there are many different numerologies supported in NR. Consequently, for PRACH waveform design, the OCB requirement may be easily met by the scalable numerology in NR without employing the block interleaved FDMA (B-IFDMA) design.
	To reduce the channel uncertainty due to LBT requirement, it is desirable to exploit the possibility to allocate pre-defined RACH occasions to the same channel occupancy time (COT) as SSB/RMSI transmission. In this way, it can not only reduce UE’s LBT overhead but also RACH access latency. However, it may be challenging for UE to complete downlink synchronization, system information reading and PRACH transmission within such a tight duration. Whether this design is advantageous and practical deserves further discussion.
	Regarding the reduction of RACH access latency, a straightforward solution would be to reduce the number of steps required in the RACH procedure. Therefore, the simplified two-step RACH procedure may be more suitable for unlicensed band operation than the conventional four-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, we think NR-unlicensed operation should seek to reuse designs for NR-licensed operation when it is possible to meet the regulation requirements. In addition, NR should strive to reduce UE’s LBT overhead and RACH access latency in NR unlicensed spectrum.
[bookmark: _Ref506627445]Proposal 4: NR supports both contention-free random access and contention-based random access in unlicensed spectrum.
[bookmark: _Ref510616498]Observation 2: It can reduce UE’s LBT overhead and RACH access latency if pre-configured RACH resources are allocated immediately following SSB and RMSI transmission within COT.   
[bookmark: _Ref506627451][bookmark: _Ref510616509]Proposal 5: In order to reduce random access latency, NR-U should study the feasibility of 2-step RACH. 
Paging and 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. Similarly, periodic measurement samples may not be available since the network cannot guarantee the periodic downlink reference signal transmission is always possible. Thus, it is a design issue about how to take the LBT regulation into account when designing paging, measurement and mobility for unlicensed operation. 
[bookmark: _Ref506627457]Proposal 6: NR takes the LBT regulation into consideration when designing paging, measurement and mobility for unlicensed operation.  
Conclusion
In this contribution, we identify some potential physical layer procedures that require modification in order to be adopted to NR-U. Specifically, we discuss the initial access procedure and wideband operation procedure. The observations and proposals are summarized as follows. 
Proposal 1: In order to meet the OCB requirement, multiplexing SSB and RMSI transmission in the frequency dimension can be considered with NR unlicensed operation.
Observation 1: If network cannot transmit SSB and RMSI at pre-defined periodic time slots due to LBT failure, it is beneficial to have additional opportunities for SSB/RMSI transmission immediately following the pre-defined time slots.
Proposal 2: Design for SSB and RMSI transmission in NR unlicensed bands should take OCB and LBT regulations into consideration.
Proposal 3: To assist UE to accelerate the downlink synchronization process, one or more SS bursts can be transmitted consecutively.
Proposal 4: NR supports both contention-free random access and contention-based random access in unlicensed spectrum.
Observation 2: It can reduce UE’s LBT overhead and RACH access latency if pre-configured RACH resources are allocated immediately following SSB and RMSI transmission within COT.
Proposal 5: In order to reduce random access latency, NR-U should study the feasibility of 2-step RACH.
[bookmark: _GoBack]Proposal 6: NR takes the LBT regulation into consideration when designing paging, measurement and mobility for unlicensed operation.
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