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1. Introduction

In RAN1#92 meeting [1], we made following agreements related to physical layer design and channel access procedure (CAP) for NR unlicensed (NR-U) operation.

	Agreement:
· The study targets identification of additional functionality needed for a PHY layer design (except channel access procedures) for operation in unlicensed spectrum that may be applicable over a particular frequency range (e.g., sub-7 GHz, 7-52.6 GHz, > 52.6 GHz).

· FFS: The definition of the frequency ranges

· Note: Optimizations for a particular frequency band may be necessary.

· Note: Channel bandwidths below 5 MHz are not targeted

· The study targets the design of channel access procedures for frequency bands based on coexistence and regulatory considerations applicable to the band.

· Note: The study includes identification of procedures for technology neutral channel access for frequency bands that may become available subject to regulations.

· The study assumes regulation will provide the framework concerning the protection for the techonologies not using unlicensed access in those bands.


In this contribution, we discuss potential physical layer procedures for NR-U operation.
2. Channel access procedure (CAP)
For NR-U operation on 5 GHz, CAP for LTE (e)LAA should be the baseline since it is well-verified that it can guarantee fair coexistence with Wi-Fi and LAA. Code block group (CBG)-based transmission is adopted for NR and it would be beneficial also for NR-U due to short-term interference from other RAT (e.g., Wi-Fi). Thus, it would be necessary to take into account the impact of CBG-based transmission on CAP (e.g., contention window size update). In addition, CAP can be prioritized for the specific channels/signals (e.g., broadcast transmission, PRACH, PUCCH, signals for beam management, etc).
Proposal #1: For channel access on 5 GHz, channel access procedure for LTE (e)LAA should be the baseline with additional consideration on CBG-based transmission and prioritization on channels/signals for broadcast data, control, random access.
For NR-U operation above 7 GHz, analog Tx beam-forming is essential to enhance cell coverage. For CAP before Tx beam-forming, following two approaches can be considered and further investigation for two approaches is needed in terms of efficient coexistence with other RATs or other operators.

·  Approach 1: Omni-directional CAP + Tx beam-forming

·  Approach 2: Directional CAP + Tx beam-forming

To handle potential hidden node problem both for above two approaches, we may consider signal/message exchange before actual data transmission, similar to RTS/CTS mechanism for Wi-Fi. For instance, (omni-directional or Tx beamformed) NR signal/channel exchange (e.g., scheduling DCI and SRS/RACH, or SRS/RACH and CSI-RS) before DL or UL data transmission can be considered and other nodes can avoid collision by overhearing those signal/channel exchanges.
Proposal #2: For channel access above 7 GHz, study channel access procedure with directional beam and signal/message exchange before data transmission.
3. Bandwidth part (BWP) operation
As to BWP operation, it can be supported for NR-U since it enables fast BWP switching and spectral efficiency increase. In particular, if system bandwidth on 5 GHz spectrum is larger than 20 MHz, CAP can be individually performed within each 20 MHz for the coexistence with Wi-Fi. Then, depending on CAP result, active BWP can be dynamically changed, which affects PDCCH monitoring, signal/data transmission, and channel occupancy time sharing between gNB and UE.

Proposal #3: Study at least followings for BWP operation on unlicensed band.
·  Relation of bandwidth for channel access procedure and that for BWP

·  Impact of dynamic BWP change depending on the result of channel access procedure
4. 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 1. Especially for PRACH preamble, delayed transmission within a slot 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 acquisition failure.
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Figure 1. Example of random access procedure

Proposal #4: Consider the following enhancements for random access procedure in NR-U.

·  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
5. Mobility support
Similar to LAA, RRM measurement can be performed within configured SMTC window and constant transmit power for RRM-RS (i.e., SSS, PBCH DM-RS, and optionally, CSI-RS) can be assumed across SMTC windows. To cope with hidden node problem, RSSI report (per Tx or Rx beam) can be also introduced for NR-U operation. Furthermore, in case of NR-U PCell (or PSCell), RLM/RLF can be triggered if DL/UL CAP is not successful for pre-defined time duration (e.g., if RLM-RS is not transmitted or not detected in K consecutive SMTC windows).

Proposal #5: Consider RLM/RLF triggering condition that DL/UL channel access procedure is not successful for a certain time duration.

6. HARQ procedure
Efficient transmission of HARQ-ACK should be supported considering CAP. For instance, gNB can instruct a UE not to transmit HARQ-ACK feedback immediately for some DL data receptions and poll the UE to report aggregated HARQ-ACK feedback on the multiple DL data receptions at certain timing as shown in Figure 2. For another instance, HARQ-ACK transmission can be postponed to the next slot if CAP fails and corresponding HARQ-ACK window also can be shifted to the next slot as shown in Figure 3.
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Figure 2. Polling based HARQ-ACK feedback
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Figure 3. HARQ-ACK transmission with moving window
Proposal #6: Study enhanced HARQ-ACK transmission schemes (e.g., by polling or moving window based feedback) to compensate channel access failure in unlicensed band.
7. Coexistence with higher priority service
In addition to coexistence with Wi-Fi on 5 GHz or 802.11ad/ay on 60 GHz, we may need to take into account coexistence with other high priority service (e.g., intelligent transportation system). Considering the urgency of high priority service, conservative CAP (e.g., lower energy detection threshold, larger contention window size) can be performed or CAP can be halted in a pre-configured resource pool where high priority service is prioritized to access the channel. For the same purpose, it should be also studied how to detect the presence of other higher priority services.
Proposal #7: Study how to coexist with higher priority service (e.g., ITS) on unlicensed band.

8. Conclusion
In this contribution, we provided our views on potential physical layer procedures for NR unlicensed operation, and proposals are as follows.
Proposal #1: For channel access on 5 GHz, channel access procedure for LTE (e)LAA should be the baseline with additional consideration on CBG-based transmission and prioritization on channels/signals for broadcast data, control, random access.
Proposal #2: For channel access above 7 GHz, study channel access procedure with directional beam and signal/message exchange before data transmission.
Proposal #3: Study at least followings for BWP operation on unlicensed band.
·  Relation of bandwidth for channel access procedure and that for BWP

·  Impact of dynamic BWP change depending on the result of channel access procedure

Proposal #4: Consider the following enhancements for random access procedure in NR-U.

·  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 #5: Consider RLM/RLF triggering condition that DL/UL channel access procedure is not successful for a certain time duration.

Proposal #6: Study enhanced HARQ-ACK transmission schemes (e.g., by polling or moving window based feedback) to compensate channel access failure in unlicensed band.

Proposal #7: Study how to coexist with higher priority service (e.g., ITS) on unlicensed band.
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