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1. Introduction

In this contribution, we discuss potential physical layer procedures for NR-U operation, especially for SS/PBCH transmission, RACH procedure, RRM measurement, and mobility support.
2. SS/PBCH block transmission
For a UE to camp on a cell, the UE shall detect and decode SS/PBCH block in NR. In [1], we dealt with time and frequency aspects to be considered for SS/PBCH block design on unlicensed spectrum. In addition, for NR-U operation, since gNB should perform channel access procedure (CAP) before SS/PBCH block transmission, SS/PBCH block transmission can be deferred due to the failure of CAP. Therefore, in this section, we discuss how to transmit SS/PBCH block depending on the outcome of CAP.
In LAA, discovery signal (including PSS/SSS) is composed of 12 symbols and in case of CAP failure, discovery signal transmission is postponed to the next subframe(s) within DMTC window. Similarly, in NR-U, whole consecutive SS/PBCH blocks can be delayed to the next occasion(s). However, considering CAP can be succeeded in the middle of SS/PBCH burst which consists of multiple SS/PBCH blocks, it would be more efficient to start SS/PBCH block transmission from the instance where CAP has been succeeded, as shown in Figure 1. In detail, we enumerate several options for efficient transmission of SS/PBCH blocks.
- Shifted SS/PBCH burst transmission (as shown in Figure 1(b))

- Skipping CAP-failed SS/PBCH block and compensating the skipped transmission after the end of SS/PBCH burst (as shown in Figure 1(c))

- Skipping CAP-failed SS/PBCH block and compensating the skipped transmission with the periodicity shorter than the pre-defined (or default) periodicity (as shown in Figure 1(d))
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Figure 1. Examples of SS/PBCH block transmission for NR-U operation
Proposal #1: Study following SS/PBCH transmission schemes considering channel access procedure (CAP) for NR-U operation.

·  Shifted SS/PBCH burst transmission
·  Skipping CAP-failed SS/PBCH block and compensating the skipped transmission after the end of SS/PBCH burst
·  Skipping CAP-failed SS/PBCH block and compensating the skipped transmission with the periodicity shorter than the pre-defined (or default) periodicity
3. Random access procedure

Since channel occupation at a pre-defined slot cannot be guaranteed on unlicensed band, it would be desirable to provide multiple transmission opportunities within a time window (or over multiple CCs/BWPs) as shown in Figure 2. Especially for PRACH preamble, timing gap for CAP between RACH occasions can be configured to avoid potential collision between intra-cell UEs. Besides, delayed transmission of PRACH preamble within a given slot (or RACH occasion) can be allowed due to CAP failure and corresponding TA command can be interpreted at UE considering delayed time. As to PRACH retransmission, UE may not apply transmit power ramping-up (or not increase RACH retransmission counter) if it hasn’t transmit PRACH due to channel access failure.
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Figure 2. Example of random access procedure

Proposal #2: Consider the following enhancements for random access procedure in NR-U.

·  Gap generation between RACH occasions

·  Flexible transmission timing of random access preamble due to channel access failure
·  Consideration of channel access failure for random access preamble (re)transmission in the maximum retransmission count and power ramp-up
4. Measurement and mobility support
· RRM measurement
In NR system, SS/PBCH block could be used as basic reference signal for neighbour cell measurement for mobility. Since the default periodicity of SS/PBCH block is 4 times longer than SS in LTE system, cell searcher for NR system has larger complexity than LTE system. In order to reduce UE complexity, SMTC window is defined for NR system, and SS/PBCH blocks for neighbour cell measurement should be confined within SMTC window. Considering simple design and UE complexity, it might be beneficial that RRM measurement in NR-U system is also based on SS/PBCH blocks within SMTC window, like NR system in licensed band.
Proposal #3: RRM measurement in NR-U follows RRM measurement for NR system in licensed band.
In NR system, RSRP, RSRQ and RS-SINR could be used as contents in measurement report. For NR-U operation, in addition to RSRP, RSRQ and RS-SINR for RRM measurement, RSSI report can be introduced. RSSI measurement can be used for the various purposes, e.g. traffic load measurement from hidden node, overall interference measurement, per-beam load characteristics, etc. Therefore, we need to study the objective of RSSI measurement and the resource properties according to the objective.

Proposal #4: Study the objectives of RSSI measurement and the resource properties according to the objective (e.g. RSSI measurement triggering method (periodic, aperiodic, or event-based), measurement resource for RSSI measurement, whether measurement report is per-beam or per-cell in multi-beam scenario).
· Radio link monitoring (RLM)
In NR system, hypothetical PDCCH BLER is defined as measurement metric and SS/PBCH and/or CSI-RS could be configured as the reference signals for RLM. In multi-beam scenario, the configured resources of SS/PBCH block and/or CSI-RS correspond to the candidate PDCCH beams, not the serving PDCCH beam. The periodic IS/OOS is determined based on the channel quality of all the configured RLM-RS resources. Same RLM procedure could be used for NR-U system, assuming that NR-U adopts similar RS structure and beam management process. 
Proposal #5: RLM measurement/procedure in NR-U basically follows RLM measurement/procedure for NR licensed band.
However, unlike NR system in licensed band, reference signals in NR-U could be deferred by LBT, and channel quality over (not-transmitted) RLM-RS might not be measured by UE regardless of good channel quality from serving cell. In this case, periodic IS/OOS could not be indicated to higher layer, and we need to study how to handle periodic indication in case of deferred transmission of RLM-RS. 

In addition, in case of high traffic load from other operator’s system or other RAT, UE could not transmit traffic burst within the pre-defined duration due to LBT. That is, UE could not communicate with serving cell, similarly to OOS condition from poor channel quality. Therefore, it might be beneficial that UE camps on other frequency band (or other cell) in case of too frequent deferred transmission or no transmission due to LBT. It seems similar to radio link failure (RLF) procedure from OOS, and we need to study additional RLF condition considering LBT. 

Proposal #6: Study how to handle periodic IS/OOS indication in case of deferred transmission of RLM-RS and additional RLF condition considering LBT.
5. Conclusion
In this contribution, we provided our views on SS/PBCH transmission, RACH procedure, RRM measurement, and mobility support for NR unlicensed operation, and proposals are as follows.
Proposal #1: Study following SS/PBCH transmission schemes considering channel access procedure (CAP) for NR-U operation.

·  Shifted SS/PBCH burst transmission
·  Skipping CAP-failed SS/PBCH block and compensating the skipped transmission after the end of SS/PBCH burst
·  Skipping CAP-failed SS/PBCH block and compensating the skipped transmission with the periodicity shorter than the pre-defined (or default) periodicity
Proposal #2: Consider the following enhancements for random access procedure in NR-U.

·  Gap generation between RACH occasions

·  Flexible transmission timing of random access preamble due to channel access failure

·  Consideration of channel access failure for random access preamble (re)transmission in the maximum retransmission count and power ramp-up
Proposal #3: RRM measurement in NR-U follows RRM measurement for NR system in licensed band.
Proposal #4: Study the objectives of RSSI measurement and the resource properties according to the objective (e.g. RSSI measurement triggering method (periodic, aperiodic, or event-based), measurement resource for RSSI measurement, whether measurement report is per-beam or per-cell in multi-beam scenario).
Proposal #5: RLM measurement/procedure in NR-U basically follows RLM measurement/procedure for NR licensed band.
Proposal #6: Study how to handle periodic IS/OOS indication in case of deferred transmission of RLM-RS and additional RLF condition considering LBT.
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