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1 Introduction
At the last RAN1 #93 meeting, the following was agreed:
	Agreement:
· 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

Agreement:
Potential modifications to RLM/RRM procedures due to reduced transmission opportunities for DL signals and channels due to LBT failure should be identified and studied
Agreement:
Modifications to paging procedures due to reduced transmission opportunities for paging due to LBT failure are beneficial and should be identified and studied


In this paper, we present further views on the NR-U design for initial access and mobility. 
2 NR-U design for initial access and mobility
Physical layer procedures for operation of NR in unlicensed bands should take into account the advanced techniques and flexibility offered by the NR design.  Multi-antenna techniques such as MU-MIMO, massive MIMO etc. are a fundamental and essential part of the NR design. Therefore, even while co-existing with other systems on the same spectrum, NR-U should be able to use these advanced features efficiently. 

Proposal 1: NR-U should make efficient use of advanced multi-antenna techniques that are a part of NR, such as MU-MIMO, multi-point transmission, etc.

Channel access opportunities in unlicensed bands are not certain, subject to channel availability. This uncertainty of transmit opportunities makes relying on periodic measurements and reports infeasible. This is particularly evident in RLM/RRM and beam management procedures where using periodic SS blocks or periodic CSI-RS for DL beam measurement and reporting, for example, is practically very difficult. 

Periodic measurements and reporting in beam management is mainly used for: 
1. Extending the coverage for initial access (through SS block beam sweeping)

2. Coarse beam selection in the absence of heavy traffic

Coverage extension, however, is not needed for operation in unlicensed bands because of the EIRP restriction. Furthermore, there is no need to maintain a coarse beam selection in unlicensed bands given that LBT is needed prior to every packet transmission. Hence, for the beam management procedure, beam measurement and reporting can be based on aperiodic CSI-RS to overcome the problem of relying on periodic measurements using SS blocks or periodic CSI-RS. Benefiting from the flexibility of the CSI report in NR, and the agreed upon unified framework of CSI acquisition and beam management, the aperiodic CSI-RS report for beam management can simply be a beam indicator or a CSI-RS resource indicator (CRI) report of the best transmit beam to use at the base station. 
Proposal 2: Beam management in NR operation in unlicensed bands is based on aperiodic CSI-RS measurement and reporting
In IEEE 802.11, preamble detection is used to improve coexistence since the preamble can be detected at a lower SINR. NR could also benefit from having a preamble. A preamble can generally serve three use cases, two of which are valid at the link-level and thus for a single gNB and a single UE. The third one is for networks of base stations and UEs and applicable at the system-level [1]. At the link-level, preambles can be used for energy detection. The reason blind decodes of PDCCH candidates are complex and power consuming is the involvement of FEC. Energy detection at small time intervals is much friendlier to battery life as opposed to frequent blind detection of PDCCH candidates. A preamble can also be used to derive self-contained transmission bursts. In licensed bands, radio access technologies usually rely on periodic signals for tracking, synchronization, channel estimation, and so forth. Alternatively, preamble-like aperiodic signals can be used for these purposes thereby alleviating or obviating the need for periodic transmissions of synchronization and/or reference signals. 

In our view, all the above three use cases of preambles and preamble-like signals should be studied in NR-U. However, we deem it important to separate the energy detection aspect [1] from the measurement aspect. A preamble-like signal for the purpose of tracking, synchronization, channel estimation rather resembles a traditional SS block or CSI-RS with a dense and wideband pattern which can be either TDM or FDM in symbols which are aperiodically transmitted, for example at the start of a data burst (hence the resemblance to a “preamble”). One-shot detection of such aperiodic signals should be studied as well as its applicability for channel selection and RRM measurements. 

Proposal 3: Study aperiodic one-shot reference signals and their applicability to beam management for NR-U
As explained in [2], shorter symbol duration, i.e., larger subcarrier spacing, is generally preferred in unlicensed spectrum. While Rel. 15 specifies 60kHz subcarrier spacing for PDCCH and PDSCH, the PSS/SSS and PBCH are only defined for 15 and 30kHz subcarrier spacing. A similar issue arises in the UL for the PRACH. In our view, having a NR-U design that solely relies on 60kHz is worthwhile. For example, the SSB design for 15 and 30kHz could simply be scaled to obtain a 60kHz design. Similarly, after the UE detects PSS/SSS with 60kHz subcarrier spacing, the MIB carried on the PBCH can be interpreted in an arbitrary manner and different from the Rel. 15 NR design. Hence, the specification impact of supporting SSB with 60kHz subcarrier spacing is acceptable in our view. 
Proposal 4: Specify PSS/SSS/PBCH for 60kHz subcarrier spacing
Similar to LTE, a discovery reference signal (DRS) should be specified that contains more than just SSB transmissions. In addition, DRS should include CSI-RS incl. TRS for RRM, beam management, and CSI acquisition as well as PDCCH/PDSCH for RMSI delivery and paging. It seems natural to transmit the signals and channels comprising the DRS in a frequency-division manner to increase the occupied channel bandwidth. Moreover, grouping as many signals/channels as possible into a single burst that is free of gaps is beneficial both from a UE power savings perspective (micro sleep) and a coexistence perspective (single clear channel assessment). The time density of the DRS thereby should be flexible enough to counter the impact of frequent negative clear channel assessments and to improve DL coverage. 

Proposal 5:

· A discovery reference signal (DRS) should be specified
· DRS should include CSI-RS incl. TRS for RRM, beam management, and CSI acquisition as well as PDCCH/PDSCH for RMSI delivery and paging

· Signals and channels comprising the DRS are transmitted in a frequency-division manner

· Signals and channels comprising the DRS are grouped into a single burst that is free of gaps

· The time density of DRS is flexible enough to counter the impact of frequent negative clear channel assessments and to improve DL coverage
3 Conclusion

In this paper, we presented further views on the NR-U design for initial access and mobility. The following is proposed: 
Proposal 1: NR-U should make efficient use of advanced multi-antenna techniques that are a part of NR, such as MU-MIMO, multi-point transmission, etc.

Proposal 2: Beam management in NR operation in unlicensed bands is based on aperiodic CSI-RS measurement and reporting
Proposal 3: Study aperiodic one-shot reference signals and their applicability to beam management for NR-U

Proposal 4: Specify PSS/SSS/PBCH for 60kHz subcarrier spacing
Proposal 5:

· A discovery reference signal (DRS) should be specified
· DRS should include CSI-RS incl. TRS for RRM, beam management, and CSI acquisition as well as PDCCH/PDSCH for RMSI delivery and paging

· Signals and channels comprising the DRS are transmitted in a frequency-division manner

· Signals and channels comprising the DRS are grouped into a single burst that is free of gaps

· The time density of DRS is flexible enough to counter the impact of frequent negative clear channel assessments and to improve DL coverage
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