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1 Introduction
At the last RAN1 #94bis meeting, the following was agreed:
	Agreement:
For SSB transmissions as part of DRS:

· It is considered beneficial to expand the maximum number of candidate SSB positions within DRS transmission window to [Y], for e.g., Y = [64] 

· FFS: How to derive frame timing from detected SS/PBCH block 

· Transmitted SSBs do not overlap

· FFS: Shift granularity between candidate SSBs positions/candidate groups of SSBs 

· Maximum number of transmitted SSBs is [X] within DRS transmission window. X <= 8

· FFS: Duration of DRS transmission window

· FFS: Duration of the transmitted DRS within the window, including SSBs and other multiplexed signals/channels

· FFS: relationship between transmitted SSB index and QCL assumption at UE

· FFS: If and how to support beam repetition for soft combining of SSBs within the same DRS transmission

Agreement:
· It is considered beneficial to configure DMTC(s) (DRS Measurement Time Configuration) in which UEs can perform measurements. 

· DRS-based RRM measurements are performed inside the DMTC(s)

· FFS: Similarity with Rel-15 SMTC

· CSI-RS-based measurements may be performed outside the DMTC(s)

· DRS-based RLM for unlicensed SpCell is performed inside the DMTC(s)

· RLM DMTC may coincide with DRS transmission window

· CSI-RS-based RLM may be performed outside of DMTC(s)

· FFS: Explicit indication is provided by gNB to indicate whether or not DRS and/or CSI-RS transmissions occurred

· FFS: If DMTCs for RRM measurements and RLM are the same or can be different



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
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 are 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 1: 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 2: Study aperiodic one-shot reference signals and their applicability to beam management for NR-U
NR already supports carriers without PSS/SSS/PBCH transmissions. This is especially attractive for unlicensed spectrum operation in order to reduce the overhead of measurement RS from a single cell as well as a network perspective. For example, different neighbor cells may select different carriers for transmitting SS Blocks which helps to avoid collisions. Since transmission of signals/channels for carrier selection and RRM may utilize LBT procedures, such collision reduction enables faster channel access.

Proposal 3: NR-U should utilize carriers without SS block transmissions as well as LBT enhancements for signals/channels supporting carrier selection and RRM

At the last RAN1 meeting, it was identified beneficial to operate the entire DL and UL in a single numerology [2]. To this end, we propose to specify PSS/SSS/PBCH for 60 kHz subcarrier spacing in [3] to enable operation of NR-U entirely with 60 kHz subcarrier spacing. For outdoor deployments, a longer CP may be needed. Since the CP duration scales with the OFDM symbol duration, and thus with the subcarrier spacing, a scaled numerology can be used to address most, if not all use cases of NR-U. For LAA deployments, the licensed carrier can be used to signal to the UE the numerology on the unlicensed carriers. For example, NR-U can support {15, 30, 60} kHz. That means, NR-U can operate in such a manner that all DL and all UL signals and channels use one of {15, 30, 60} kHz for the subcarrier spacing. Note that this is not possible in Rel. 15 since some signals and channels are not defined for all subcarrier spacings. Since the PCell on licensed spectrum can signal the numerology of the SCell(s) in unlicensed bands, the UE need not check for different hypotheses in decoding PSS/SSS/PBCH. This is similar to NSA operation in Rel. 15 where the LTE MCG can signal the numerology of the NR SCG.
For Rel. 15 SA deployments, except in some bands, only a single numerology is specified for PSS/SSS/PBCH. Since standalone operation is also supported by NR-U, the question arises how many numerology hypotheses a UE is required to check when accessing a carrier in on unlicensed spectrum. There are three possible alternatives:
1. A single hypothesis is defined for NR-U SA deployments. If the carrier is operated with a single numerology according to [2], this  numerology is determined by the subcarrier spacing defined in RAN4 for PSS/SSS/PBCH for bands in unlicensed spectrum

2. Multiple hypotheses are defined for NR-U SA deployments. The subcarrier spacings defined in RAN4 for PSS/SSS/PBCH for bands in unlicensed spectrum are those that can be configured when the carrier is operated with a single numerology according to [2].

3. A single hypothesis is defined for NR-U SA deployments and the carrier is operated with multiple single numerologies. This is similar to NR operation in Rel. 15 where in a given band the PSS/SSS/PBCH for SA may be one of {15, 30, 120} kHz but 60 kHz is a valid numerology for data and control in the DL. This means the benefits identified last meeting cannot be obtained [2].

Given the above, we propose that NR-U supports all UL and DL channels with {15, 30, 60} kHz subcarrier spacing. For LAA, the subcarrier spacing of all DL and UL channels and signals can be configured via the PCell. The number of subcarrier spacings for PSS/SSS/PBCH in NR-U SA can be further discussed. 
Proposal 4: 
· NR-U supports all UL and DL channels with {15, 30, 60} kHz subcarrier spacing
· For LAA, the subcarrier spacing of all DL and UL channels and signals can be configured via the PCell

· The number of subcarrier spacings for PSS/SSS/PBCH in NR-U SA can be further discussed
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: Beam management in NR operation in unlicensed bands is based on aperiodic CSI-RS measurement and reporting
Proposal 2: Study aperiodic one-shot reference signals and their applicability to beam management for NR-U

Proposal 3:  NR-U should utilize carriers without SS block transmissions as well as LBT enhancements for signals/channels supporting carrier selection and RRM
Proposal 4: 
· NR-U supports all UL and DL channels with {15, 30, 60} kHz subcarrier spacing
· For LAA, the subcarrier spacing of all DL and UL channels and signals can be configured via the PCell

· The number of subcarrier spacings for PSS/SSS/PBCH in NR-U SA can be further discussed
4 References
[1] R1-1812865, Channel access procedure enhancements for NR-U, AT&T
[2] R1-1812863, Frame structure for NR-U operation, AT&T
[3] R1-1812864, DL signal and channel design for NR-U, AT&T

[4] R1-164691, NR numerology design and evaluation for long delay spread channels, Qualcomm Incorporated
