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1 Introduction
The SID on NR-based Access to Unlicensed Spectrum [1] (NR-U) aims to identify and evaluate technical solutions for next generation wireless systems operating on both sub6 and above6 unlicensed bands. This contribution discusses the potential solutions and techniques considered for NR-U operation.
2 Numerology 
NR supports multiple numerologies that are based on exponentially scalable sub-carrier spacing (SCS) (f = 2µ × 15 kHz with µ={0,1,3,4} for PSS, SSS and PBCH and µ={0,1,2,3} for other channels. Note that Normal CP (NCP) is supported for all sub-carrier spacings, Extended CP (ECP) is supported only for µ=2. More specifically, for signal and channel other than PSS, SSS, and PBCH the 15kHz, 30kHz, and 60kHz SCS are supported for frequency range 1 (FR1) where its corresponding frequency range is from 450MHz to 6GHz. For FR2 (frequency range is from 24.25GHz to 52.6GHz), the 120kHz SCS is only supported.
For LTE unlicensed operation (LTE-LAA) where target operating frequency range is 5GHz unlicensed band, the 15kHz SCS with normal CP is only supported. For NR, it is quite obvious that at least the same SCS should also be supported to provide comparable performance (e.g. coverage, throughput, etc.) in 5GHz unlicensed band. Furthermore, supporting a larger SCS is beneficial for NR-U to increase channel access opportunities while minimizing transmission of unnecessary signal for channel reservation. Therefore, it is desirable for NR-U to support 15kHz, 30kHz, and 60kHz SCS in FR1.
For FR2, the specification work to support NR-U for >52.6GHz (e.g. 60GHz unlicensed spectrum) is still unclear, but it can be argued that in principle a larger SCS is beneficial for NR-U to support very large available channel bandwidth (e.g. 2.16GHz channel) in 60GHz unlicensed spectrum. Therefore, if 60GHz unlicensed spectrum is supported, SCS(s) larger than 120kHz can be further considered.
Proposal 1: NR-U should support the SCSs up to 60kHz for FR1. Additional SCS(s) for FR2 can be considered if NR-U supports a carrier frequency higher than 52.6GHz.
3 Initial Access 

NR supports carrier frequency up to 52.6 GHz, and the candidate subcarrier spacing of SS/PBCH block is determined per carrier frequency range: 

· 15 kHz and/or 30 kHz for carrier frequency range up to 6 GHz; 
· 120 kHz and/or 240 kHz for carrier frequency range from 6 GHz to 52.6 GHz. 
Meanwhile, the maximum number of nominal SS/PBCH blocks within a SS/PBCH burst set, L, is also determined per carrier frequency range: 
· L is 4 for carrier frequency range up to 3 GHz; 
· L is 8 for carrier frequency range from 3 GHz to 6 GHz; 
· L is 64 for carrier frequency range from 6 GHz to 52.6 GHz. 
For a NR-U band, if its carrier frequency range can be covered by NR, it is preferable to reuse the candidate subcarrier spacing value(s) at least for SS/PBCH block, which can minimize the extra design for NR-U initial access; if its carrier frequency range is larger 52.6 GHz, e.g. 60 GHz unlicensed spectrum, the candidate subcarrier spacing for SS/PBCH block and maximum number of SS/PBCH blocks within a burst set should be discussed, if such a high-frequency band is supported by NR-U. 

Proposal 2: NR-U shall reuse the candidate subcarrier spacing for SS/PBCH block and the maximum number of SS/PBCH blocks within a burst set for carrier frequency range lower than 52.6 GHz, and further study the parameters for carrier frequency range larger than 52.6 GHz.
In NR-U, the transmission of SS/PBCH blocks is subject to the sensing result of Listen-Before-Talk (LBT), such that the UE cannot always expect to receive the SS/PBCH blocks periodically, which challenges the receiver implementation on soft combining. Moreover, due to the uncertainty of channel access from LBT, the delay of initial cell search may be enlarged, hence, enhancement of the channel access of SS/PBCH block (e.g. similar to Rel-13 LTE DRS design) and enhancement of the synchronization signal and/or PBCH may need further study in NR-U. 
Proposal 3: NR-U shall evaluate the performance of LBT-based initial access, and study potential solutions for enhanced synchronization signal and/or PBCH performance if needed.
4 Random Access

NR-U may support the architectural scenarios including standalone NR-U, and carrier aggregation/dual-connectivity between NR-U and licensed NR/LTE carrier. Therefore, in addition to supporting the contention-free random access (RA), NR-U also needs to support the contention-based random access. The contention based random access in NR is based on a 4-step procedure, wherein UE first transmits a physical random access channel (PRACH) preamble (Msg1) to gNB through PRACH; gNB replies with the random access response (RAR) in Msg2; then UE transmits a Msg3 in the uplink and gNB transmits the Msg4 in the downlink. Such random access design of NR can be utilized as the baseline for random access in NR unlicensed.

Proposal 4: NR-U shall support both contention-based random access and contention-free random access.
In order to operate NR in unlicensed spectrum, unlicensed spectrum regulations need to be satisfied, such as the listen-before-talk (LBT), occupied channel bandwidth (OCB) regulation, and power spectral density (PSD) regulation. Due to the LBT requirement, the 4-step random access procedure needs to succeed in at least four LBTs before each message can be transmitted, and the failure of any LBT can lead to a significantly increased random access delay and resource overhead. Therefore, NR-U random access needs enhancements from the baseline procedure to decrease the expected random access delay caused by potential LBT failure. For example, the expected random access delay of NR-U can be decreased by increasing the transmit opportunities for each message of the random access procedure, and/or by simplifying the overall random access procedure such that fewer LBTs are required, and/or by enhancing the LBT design for random access. 

Proposal 5: NR-U shall evaluate the impacts of LBT regulation on the random access delay, and study the potential enhancements to decrease the expected random access delay.
The PRACH waveform for NR unlicensed also needs enhancements to satisfy the OCB regulation, such that the PRACH occasions can span at least 80% or 70% of the nominal bandwidth in the 5 GHz and 60 GHz unlicensed band respectively. For the example, the PRACH transmission waveform can be constructed through proper resource allocation in the frequency domain. In addition, the performance of the PRACH waveform design needs to be evaluated, such as the PRACH preamble detection and the PAPR performance.

Proposal 6: NR-U shall study potential enhancements to PRACH waveform to satisfy the OCB regulation, and evaluate the corresponding PRACH preamble detection and PAPR performance.
5 Mobility and Measurement

For radio link monitoring, the downlink radio link quality of the primary NR or NR-U cell shall be monitored by a UE for the purpose of indicating out-of-sync/in-sync status to higher layers. In NR, the UE can be configured for a cell with a set of resources (e.g. SS/PBCH block and/or CSI-RS) for radio link monitoring by higher layers. The physical layer in the UE shall indicate out-of-sync to higher layers when the radio link quality is worse than the threshold Qout for all resources in the set of resources for radio link monitoring. When the radio link quality is better than the threshold Qin for any resource in the set of resources for radio link monitoring, the physical layer in the UE shall indicate in-sync to higher layers. In order to operate NR-U without any assistance from licensed carrier, the radio link monitoring is also performed by a NR-U cell. However, due to the nature of unlicensed spectrum which requires channel access before transmission, the radio link quality may not be assessed in a set of slots configured for radio link quality measurement or the UE measures the link in a slot where gNB fails to access the channel. Therefore, further studies are required for radio link monitoring procedure including beam management in NR-U.
Proposal 7: For standalone NR-U operation, enhancements on radio link monitoring procedure should be investigated.
6 Control and Data Transmission
NR-U may support CA based aggregation with NR licensed band, dual-connectivity (DC) based operation with LTE licensed band as well as standalone (SA) operation of NR-U. At least for DC and SA operation mode, UCI transmission on unlicensed band would be required. Regarding CA operation mode, UCI transmission on unlicensed band would be still desirable for UCI offloading to avoid excessive impact on PUSCH throughput or PUCCH robusty in licensed cell for the scenario such as a macro cell operating in licensed band and clusters of many small cells operating only in large chunks of unlicensed band.
The latency of UCI transmission on unlicensed band cannot be guaranteed. HARQ-ACK may be dropped due to failure of LBT. gNB may have to schedule the retransmission of the PDSCH because gNB does not know whether the absence of HARQ-ACK is caused by miss-detected PDCCH or dropped UL transmission due to LBT, or even DTX detection error. The transmission efficiency would be materially degraded, especially for the case of HARQ-ACK multiplexing of multiple PDSCHs, which results in retransmission of all these PDSCHs. The drop of SR transmission incurs uncontrollable latency for UL transmission, which is harmful for latency sensitive service. Regarding CSI transmission, untimely CSI report may degrade the adaptive scheduling efficiency. To alleviate the impact of LBT on UCI transmission, the enhancement of LBT or transmission mechanism to increase UCI transmission opportunity should be studied.
NR phase 1 supports both short PUCCH and long PUCCH. On one hand, there’re more transmissions opportunities for short PUCCH within a slot that can be less sensitive to LBT result than long PUCCH. And short PUCCH may easily take advantage of shared MCOT with gNB to perform 25us LBT, e.g., by placing short PUCCH at the end of DL MOCT. Furthermore, considering quite short duration comparative to ACK/NACK feedback of Wi-Fi, more aggressive LBT can be considered to improve channel access probability while friendly co-exist with legacy LAA or Wi-Fi. On the other hand, long PUCCH may be still needed for large UCI payload. Similar LBT mechanism as legacy SRS-only transmission in eLAA can be the starting point, and other enhancement can be studied for long PUCCH. Similar mechanism can also be considered for UCI transmission on PUSCH.
Proposal 8: Enhancement to increase the transmission opportunity of UCI should be investigated.
Another important study point of PUCCH is the waveform. Currently, single RB PUCCH (PUCCH format 0/1/4) and multiple RBs PUCCH (PUCCH format 2/3) are supported. For single RB PUCCH, it is not clear whether existing PUCCH structure could meet the occupied channel bandwidth (OCB) requirement. If the test of OCB is per 1ms or per PUCCH, it seems the legacy PUCCH structure could satisfy the requirement as long as the PUCCH RB is located on one edge of system bandwidth in the first hop and hopped to the other edge in the second slot. Otherwise, the PUCCH RBs in each symbol should at least cover the both edge of 80% system bandwidth. For multiple RBs PUCCH with DFT, similar design is applicable. For CP-OFDM based multiple RBs PUCCH, it would be easier to meet the requirement by scattering RBs over the whole bandwidth by proper resource allocation. In summary, PUCCH waveform design needs investigation with the consideration of OCB and PSD requirement, and PUCCH detection performance as well as PAPR. 
Proposal 9: The waveform of PUCCH transmission should be investigated to meet OCB and PSD requirement, and achieve comparable PUCCH performance and PAPR as NR licensed band.
NR supports several types of CSI-RS and SRS, including periodic, semi-persistent and aperiodic CSI-RS/SRS. Aperiodic RS works well with the uncertainty of channel access that gNB can transmit RS in any slots after successful LBT. However, because the UL/DL configuration on unlicensed band can be dynamically changed (e.g., by dynamic SFI indication), an RRC configured CSI-RS/SRS transmission may fall into a UL slot/symbol or DL slot/symbol, and gNB may fail to transmit due to LBT failure in the configured slot, the periodicity of periodic or SP RS cannot be guaranteed. Therefore, at least the necessity of periodic or semi-persistence CSI-RS and SRS for CSI measurement on unlicensed band should be investigated. TRS is defined in NR phase 1 for time/frequency tracking which appears periodically. Similarly, TRS transmission may not be guaranteed which may degrade the tracking performance. Therefore, the enhancement of TRS needs to be studied. Furthermore, more flexible RS transmission location may also need to be considered. NR supports SRS transmission over more than one symbol at the end of a slot, i.e., within the last 6 symbols of the slot. When PUSCH and SRS are transmitted in the same slot, the UE may be configured to transmit SRS after the transmission of the PUSCH and the corresponding DM-RS. On unlicensed band, the restriction of SRS location may not be desirable with the consideration of LBT impact. For example, there could be a gap between PUSCH and SRS transmitted by the same UE in which UE may lose the channel.  
Proposal 10: The necessity of periodic or semi-persistent RS on unlicensed band should be investigated.
With variable starting position and duration of PDSCH/PUSCH defined in NR phase 1, flexible starting and ending position can be simply implemented to improve resource efficiency on unlicensed band. Larger subcarrier spacing also provides finer granularity for channel access. How to fully utilize these new features of PDSCH/PUSCH to lighten the impact of LBT can be studied. For example, a UE can be configured for a CORESET with short monitoring periodicity (e.g. every symbol) so that gNB is able to schedule PDSCH/PUSCH for the UE immediately after successful LBT. However, UE blind detection overhead and/or power consumption should be carefully considered.
NR supports CP-OFDM for DL transmission and both DFT-based and CP-OFDM for UL transmission. For CP-OFDM PDSCH/PUSCH, by delicate resource allocation type 0, the DL/UL transmission can spread over the bandwidth with proper transmission power by gNB scheduling. For DFT-based PUSCH, the interlace-based waveform in eLAA can be considered in order to meet the OCB and PSD requirement.
Proposal 11: DL/UL resource allocation should be investigated to meet the OCB and PSD requirements.
7 Channel Access

To guarantee fair coexistence with the incumbent Wi-Fi system in the 5 GHz unlicensed spectrum, LTE Rel-13 and Rel-14 LAA and eLAA introduced energy detection based clear channel assessment protocols for both downlink and uplink operations. The LBT procedures of LTE-LAA can be utilized as the baseline channel access framework for NR unlicensed. In order to support new features of NR such as multi-beam operations and much wider channel bandwidth, enhancements over the baseline LTE-LAA channel access procedures need to be studied for NR unlicensed.
To support the multi-beam operation on NR unlicensed, the directionality of LBT is an important design consideration. One option is to perform LBT omni-directionally similar to LAA and Wi-Fi in the 5 GHz unlicensed band. This option can provide good coexistence with these incumbent systems, but is conservative to support the multi-beam operation since interference from every direction is sensed uniformly. Another option is for the transmitter to perform directional LBT over the intended beam direction, which is more suitable for multi-beam operation and can improve spatial reuse.

Proposal 12: NR-U shall consider the LBT procedure of LAA/eLAA as the baseline, and evaluate the performance of both omni-directional LBT and directional LBT. 
In the multi-beam operation system, e.g. 60 GHz unlicensed spectrum, transmitter and/or receiver antennas can be configured to be highly directional, which can lead to a much higher likelihood for the hidden node issue due to the difficulty in sensing interference. For example, as illustrated in Figure 1, Node A transmits to Node B using a narrow beam, but Node C and Node D both pass the CCA energy detection and begin transmitting, which may cause collisions with the ongoing transmission from Node A to Node B.
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Figure 1. An example of more severe hidden node issue in beamformed transmission.
Beamformed transmissions and receptions can also lead to a higher likelihood for the exposed node issue. Specifically, a node may unnecessarily refrain from obtaining channel access, after sensing the nearby directional transmissions that actually do not interfere with this node. For example, as illustrated in Figure 2, Node A is transmitting to Node B using a narrow beam, and Node B is receiving from Node A also using a narrow beam. Meanwhile, Node D intends to transmit to Node C, but Node D fails the LBT since it can overhear Node A, although the transmission from Node D will not collide at Node B and the transmission from Node A will not collide at Node C.
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Figure 2. An example of exposed node issue in beamformed transmission.
The hidden node issue and exposed node issue are closely related to the beam-widths and beam directions at both the transmitter and the receiver. Thus, in order to alleviate the hidden/exposed node issue, the LBT of NR unlicensed can also take into account the receiver side information through message exchange between the transmitter and receiver, similar to the RTS/CTS mechanism of Wi-Fi. 

Proposal 13: Evaluate the hidden node issue and exposed node issue for beamformed transmissions on unlicensed spectrum in NR and, if needed, consider mechanisms to mitigate or avoid such issues. 
Compared to LTE-LAA where the channel bandwidth per component carrier (CC) is 20 MHz, NR unlicensed supports much wider channel bandwidth with up to 100 MHz channel bandwidth and 400 MHz channel bandwidth per CC for sub-6GHz bands and above-6 GHz bands respectively. Thus, NR unlicensed shall also consider the LBT design for wideband operations, at least in the sub-6 GHz bands. One approach for wideband LBT is to perform a single LBT over the entire bandwidth, which is simple to implement but can be inefficient in terms of spectrum utilization when LBT fails due to interference over only certain sub-band(s). In another approach, the wideband LBT can be performed over multiple sub-bands in parallel, and the transmitter can transmit over the sub-bands that succeed in LBT. This approach can improve the spectrum utilization but the implementation complexity is also increased. Therefore, the wideband LBT design for NR unlicensed should achieve fair spectrum utilization and implementation complexity, as well as good coexistence with the incumbent unlicensed systems.

Proposal 14: NR-U shall design wideband LBT with fair spectrum utilization and implementation complexity.
8 Beam Management

In high frequency systems, analog beamforming and hybrid analog beamforming are implemented to combat the large path loss and penetration loss, which are one of the biggest challenges for wireless communication in high frequency band, for example ~6GH and > 6GHz. Both gNB and UE can be a multi-beam system where multiple beam directions are available and we need find a ‘best’ beam pair link for each pair of gNB and UE to ensure reliable radio link quality. To support multi-beam operation, beam management feature is specified in NR, which includes the following functions:

· Beam measurement and reporting: the UE measures multiple Tx beams and report the best Tx beam to the gNB;

· Beam indication: The gNB indicates the UE which Tx beam is used for the PDCCH and PDSCH transmission.

· Beam switch: when the quality of serving beam is bad or other better beam is found, the gNB switch the current serving beam to another beam.

· Beam failure recovery: The system recoveries the beam pair link when the quality of serving beam becomes bad drastically, for example, due to signal blockage caused by a passing truck. 
For a NR-U band, if its carrier frequency range contain high frequency bands, for example > 6GHz, both gNB and UE for NR-U would be multi-beam based system. Therefore, beam management feature would be necessary. The beam management design in NR can be used as baseline. However, the design of beam management for NR-U shall also consider the unique characters of transmission in NR-U. For example, the transmission in NR-U is generally subjected to the results of LBT, therefore, the configuration of CSI-RS for beam management might need some enhancement. In NR, SS/PBCH blocks can be used in beam management. The transmission of SS/PBCH in NR-U might need enhancement and thus the beam management based on SS/PBCH would need further study for potential enhancement too.
Proposal 15: NR-U shall support the feature of beam management and study the potential enhancement for beam management.
9 Conclusion

The proposals made in this contribution are summarized as below:
Proposal 1: NR-U should support the SCSs up to 60kHz for FR1. Additional SCS(s) for FR2 can be considered if NR-U supports a carrier frequency higher than 52.6GHz.
Proposal 2: NR-U shall reuse the candidate subcarrier spacing for SS/PBCH block and the maximum number of SS/PBCH blocks within a burst set for carrier frequency range lower than 52.6 GHz, and further study the parameters for carrier frequency range larger than 52.6 GHz.
Proposal 3: NR-U shall evaluate the performance of LBT-based initial access, and study potential solutions for enhanced synchronization signal and/or PBCH performance if needed.
Proposal 4: NR-U shall support both contention-based random access and contention-free random access.
Proposal 5: NR-U shall evaluate the impacts of LBT regulation on the random access delay, and study the potential enhancements to decrease the expected random access delay.
Proposal 6: NR-U shall study potential enhancements to PRACH waveform to satisfy the OCB regulation.
Proposal 7: For standalone NR-U operation, enhancements on radio link monitoring procedure should be investigated.
Proposal 8: Enhancement to increase the transmission opportunity of UCI should be investigated.
Proposal 9: The waveform of PUCCH transmission should be investigated to meet OCB and PSD requirement, and achieve comparable PUCCH performance and PAPR as NR licensed band.
Proposal 10: The necessity of periodic or semi-persistent RS on unlicensed band should be investigated.
Proposal 11: DL/UL resource allocation should be investigated to meet the OCB and PSD requirements.
Proposal 12: NR-U shall consider the LBT procedure of LAA/eLAA as the baseline, and evaluate the performance of both omni-directional LBT and directional LBT. 
Proposal 13: Evaluate the hidden node issue and exposed node issue for beamformed transmissions on unlicensed spectrum in NR and, if needed, consider mechanisms to mitigate or avoid such issues. 
Proposal 14: NR-U shall design wideband LBT with fair spectrum utilization and implementation complexity.
Proposal 15: NR-U shall support the feature of beam management and study the potential enhancement for beam management.
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