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1. Introduction & Background

In RAN1#75, the study item of NR based access to unlicensed spectrum was agreed [1].  In RAN1#92, the deployment scenarios of the unlicensed spectrum operation are agreed as below [2]:
Agreement:
Study the additional functionality needed beyond the specifications for operation in licensed spectrum in the following deployment scenarios. 

· Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)

· NR-U SCell may have both DL and UL, or DL-only.

· Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)

· Stand-alone NR-U
· An NR cell with DL in unlicensed band and UL in licensed band
· Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)
In the different scenarios, physical layer channels may require further enhancements to adapt to the uncertainty of the channel availability in the unlicensed spectrum. In RAN1#92bis，the following physical channels/signals were agreed to be studied in the NR-U [3].

Agreements:
· Study the design changes needed to support the following channels /signals in NR-U
· PDCCH/PDSCH

· PUCCH/PUSCH

· PSS/SSS/PBCH

· PRACH

· DL and UL reference signals applicable to the operational frequency range
In this contribution, we discuss the design of PRACH procedure in the unlicensed spectrum.
2. RACH procedure in NR unlicensed spectrum
In non-standalone operation, only contention free RACH procedure is required on unlicensed carrier. The PRACH procedure can be cross-carrier triggered from the licensed carrier, in which MSG 0 and MSG 2 are transmitted in the licensed Pcell as shown in Figure 1. However, for standalone operation, both contention-based and contention free RACH procedure should be supported. For the contention-based 4-step RACH procedure, currently four independent LBTs are required, unsuccessful LBT will lengthen the whole random access procedure and cause RACH failure. Therefore, longer monitoring window for MSG 2 reception and MSG 4 reception at the UE side are beneficial to ensure the channel availability at gNB side. Furthermore, more RA-RNTIs may also be required since more UEs may be stacked due to the busy channel state at the gNB side when sending MSG 2.
Another way to enhance the RACH procedure in the unlicensed spectrum is to simplify the RACH procedure. For example, reducing the contention-based RACH procedure from four steps to two steps will significantly reduce the delay caused by LBT. In the two-step RACH procedure, UE listens to the channel and sends the preamble and the RACH payload such as UE ID, BSR, etc. in the first step, gNB then performs LBT and responses to the UE by sending back off indicator, contention resolution message, etc.
In addition to the above, the RACH waveform needs to be considered such that the RACH transmission is distributed to the UE nominal UL bandwidth, to fulfill the regulatory requirement on occupied channel bandwidth (OCB). As discussed in LTE eLAA, one simple solution is to repeat the preamble in frequency domain. 
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Figure 1: RACH procedure

Proposal 1: Both contention-based and contention free RACH procedure should be supported in standalone operation over unlicensed spectrum.

Proposal 2: Consider following RACH enhancements for efficient standalone operation over unlicensed spectrum.

· Introduction of 2-step RACH

· Extending monitoring window for MSG2 and/or MSG4 reception

· Enhanced RACH waveform
3. Conclusion

In this contribution, we discussed the design of RACH procedure for unlicensed spectrum. The following proposals are given:

Proposal 1: Both contention-based and contention free RACH procedure should be supported in standalone operation over unlicensed spectrum.
Proposal 2: Consider following RACH enhancements for efficient standalone operation over unlicensed spectrum.

· Introduction of 2-step RACH

· Extending monitoring window for MSG2 and/or MSG4 reception

· Enhanced RACH waveform
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