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1 Introduction

RAN #84 endorsed in [1] milestones and work areas for Rel. 17 planning. Among the identified work areas are enhancements for NR based access to unlicensed spectrum. 
NR based access to unlicensed spectrum (NR-U) was first introduced in Rel. 16 [2], however, the original scope of the work item could not be completed in a single release [3]. Consequently, a need exists to enhance the basic operation of NR in unlicensed spectrum to truly optimize NR for operation in bands that are not exclusively licensed. 
Moreover, NR-U in Rel. 16 only supports frequencies up to 7,125 MHz, also known as frequency range one (FR1). Frequencies above 52.6 GHz have been or are currently being studied by RAN in [4] and [5]. Operation in unlicensed bands at such high frequencies requires provisioning of new features that facilitate efficient operation of NR-U in mmWave systems when the spectrum is shared. 
Hence, this document discusses both FR1 enhancements as well as features fundamental to the operation of NR in unlicensed spectrum beyond 52.6 GHz. 
2 FR1 Enhancements for NR-U in Rel 17
2.1 Common preamble design in the 6 GHz band

During the standardization of License-Assisted Access (LAA) to unlicensed spectrum in LTE Rel. 13, fair coexistence with incumbent technologies was extensively discussed including the simultaneous operation of LTE LAA and IEEE 802.11ac in the 5 GHz band. The definition applied by 3GPP to assess 3GPP LAA coexistence with IEEE 802.11 technologies was that the “LAA design should target fair coexistence with existing Wi-Fi networks to not impact Wi-Fi services more than an additional Wi-Fi network on the same carrier, with respect to throughput and latency”. A performance based coexistence metric, however, is generally problematic due to the fundamentally different air interfaces and resulting spectral efficiencies of 3GPP and IEEE 802.11 technologies or any other radio technology coexisting in overlapping unlicensed spectrum. 
While such a performance based definition was motivated by the presence of an incumbent technology in the aforementioned 5 GHz band, different coexistence metrics have been proposed for the 6 GHz band based on equal air time or equal access opportunity. In the 5 GHz band, channel access procedures differ between 3GPP and IEEE 802.11 technologies in that the former uses a single energy detection (ED) based threshold of -72 dBm whereas WiFi uses a dual threshold detection mechanism based on energy detection at -62 dBm followed by preamble detection (PD) at -82 dBm. 
For the 6 GHz band, a common channel access procedure, and in particular, a common preamble design for 3GPP and IEEE 802.11 technologies or any other radio technology in the 6 GHz band was proposed [7]. These, however, were not adopted in Rel. 16 due to the challenges associated with a common preamble:

· 3GPP and IEEE radio technologies are developed and maintained under the umbrella of different standards developing organizations (SDOs)
· 3GPP and IEEE radio technologies use different physical layer channels and procedures
· 3GPP and IEEE radio technologies use different protocol architectures
· 3GPP and IEEE radio technologies use different multiple access parameters incl. the sampling rate
· 3GPP and IEEE radio technologies use different channel coding schemes

In virtual carrier sensing, a transmission burst begins with the legacy IEEE 802.11a preamble comprising the legacy short training field (L-STF), the legacy long training field (L-LTF), and the legacy signal (L-SIG) field. The legacy preamble is followed by the IEEE 802.11ax preamble which itself is followed by the IEEE 802.11ax data. Virtual carrier sensing requires decoding of the legacy signal (L-SIG) field which carries, amongst others, information about the length of the on-going transmission. From a power savings perspective, the L-SIG conveys to a device the duration for which it can defer from accessing the medium. From a channel access perspective, the L-SIG lets a device set its NAV to determine for how long the sending station will occupy the channel. If the NAV is non-zero, the medium is considered busy, when then NAV expires, the medium is considered idle. The same mechanism can be used if different radio technologies share the medium and this was exactly the proposal in Rel. 16 for NR-U. 
Because the L-SIG field (or any other common preamble) needs to convey the duration of the transmission for virtual carrier sensing, channel coding and a protocol stack are required that are generally not common among radio technologies and this was considered the main obstacle for adoption of a common preamble in Rel. 16. On the other hand, the L-STF and L-LTF fields are used for time synchronization, automatic gain control (AGC), frequency offset correction, and channel estimation amongst others and do not carry information. 

In [7] a novel common preamble design was thus proposed for the 6 GHz band addressing most of the issues above whereby the common preamble only comprises a signal part and the channel part of any preamble is not used across radio technologies. (A channel part may still be present but would not be common among radio technologies and would only apply to a specific radio technology.) Then, the overall clear channel assessment procedure comprises a dual threshold detection mechanism, however, instead of ED followed by PD with virtual carrier sense, the second step only involves a signal part and the entire procedure comprising ED followed by PD uses physical carrier sensing. Specifically, the PD mechanism is correlator based and does not incorporate channel decoding or demodulation and the PD stage uses the received waveform rather than a payload carried by the received waveform. 

For these reasons, we propose to study in Rel. 17 the feasibility of correlator-based physical carrier sensing whereby a common preamble can be detected based on known sequences without decoding the preamble’s payload. In particular, the received waveform can be correlated with a stored preamble that accounts for the deterministic distortions when a device uses a sampling rate different from the one used to transmit the common preamble. Ideally, 3GPP devices perform virtual carrier sensing by decoding the preamble’s payload to determine an ongoing transmission’s duration. Since this was not agreeable in Rel. 16, we propose that if an ongoing transmission is detected, subsequent energy detection monitoring is performed to determine when a transmission ends. This technology facilitates the usage of different sampling rates by different radio technologies that work concurrently in the same unlicensed band, allows for better coexistence and better power savings, and is a true compromise between proposals not agreeable in Rel. 16.
2.2 Closed-loop LBT for license-assisted access
As part of the LBT procedure, devices perform spectrum sensing, also known as Clear Channel Assessment (CCA) where multiple time/frequency slots are measured with respect to a configured energy detection (ED) threshold prior to transmission. While LBT performed independently at a transmitting node can be used to avoid collisions of transmissions at a target receiver, the performance may suffer from so-called “hidden node problems” if the interfering nodes are outside the sensing range of the transmitting node as shown in Figure 1.
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Figure 1: Hidden node problem
Joint operation of licensed and unlicensed carriers under a License-Assisted Access (LAA) framework can be used to help overcome the challenges of hidden nodes and associated latency incurred by LBT procedures on unlicensed carriers. Closed-Loop LBT is one potential enhancement to basic LBT procedures which can enable simultaneous carrier sensing at the gNB and UE, and then, based on feedback provided to the transmitter, avoid missed LBT detection at the transmitter and unwanted transmission collisions at the receiver. In addition, the feedback may be used to adapt various transmission parameters over time such as MU-MIMO pairing to name a few.

An example of Closed-Loop LBT is shown in Figure 2 below. The gNB1 serving UE1 sends a trigger on the licensed carrier which indicates to the UE to perform sensing on the NR-U carrier. After carrier sensing is performed, UE1 provides feedback on the licensed carrier and the network can determine whether to schedule (DL/UL) transmissions on the NR-U carrier based on the feedback in conjunction with the result of the gNB’s own sensing. 
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Figure 2: Example closed-loop LBT scenario
Closed-Loop LBT can additionally be extended to enable synchronous measurements across multiple UEs. In Figure 3, the gNB1 sends triggers to both UE1 and UE2 which align their measurements. Both UEs send feedback messages on the licensed carrier providing the measurement results. This enables the gNB to determine which of the UEs should be scheduled based on whether the channel is clear on both ends of the gNB/UE links. In case multiple UEs indicate clear channel status, the gNB may schedule them simultaneously for example with (DL or UL) multi-user MIMO transmissions, increasing the spectral efficiency of the NR-U carrier.
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Figure 3: Multi-user closed-loop LBT scenario
In addition to achieving Closed-Loop LBT between the transmitter and receivers on the same cell, Closed-Loop LBT can be utilized to enable measurements across cells. This is beneficial when nearby cells are deployed by the same operator and spectral efficiency can be increased through spectrum reuse (e.g. reuse-1) for transmissions from the same operator with minimal backhaul coordination. Figure 4 gives an example of a multi-cell closed-loop LBT scenario. 
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Figure 4: Multi-cell closed-loop LBT scenario

Since the reuse-1 transmissions are from nodes of the same operator the interference can be managed using CSI measurements and reports and is expected to be significantly less of a factor than interference in the case of transmissions from nodes which are not part of the same network.
2.3 Enhanced wideband operation

Rel. 16 supports that a UE can receive a PDSCH scheduled over multiple LBT bandwidths. For example, distributed resource allocation per Rel. 15 or Rel. 16 multi-TRP techniques can be used. However, PRBs within the guard band of two contiguous LBT sub-bands are not allowed to be scheduled by the gNB. This mode of operation is depicted in Fig. 5.
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Figure 5: Base station transmits on more than one contiguous chunk of LBT subbands. PRBs within the guard band of two contiguous LBT sub-bands are not scheduled. A UE can receive a PDSCH scheduled over multiple LBT bandwidths as per Rel-15 and current agreements in Rel-16.

Figure 6 depicts a mode of operation not supported by Rel. 16. In the first slot of a COT, each LBT subband has to operate independently because the LBT outcome is unknown to the UE and gNB. However, once the UE knows the LBT outcome at the transmitter, e.g., via signalling in the control region of the first slot, spectral efficiency can be improved. For example, while there are two PDSCH #1 and PDSCH #2 in the first slot, control overhead can be eliminated in the second slot of the COT by transmitting a single PDSCH #4 because the two LBT subbands are adjacent, contiguous and both available for transmission by the gNB. 

A GC-PDCCH at the beginning of a COT can indicate the frequency domain structure of the COT to all UEs per Rel. 16 procedures. At the beginning of a COT, all UEs assume per LBT subband scheduling. A UE that is scheduled at the beginning of a COT can only be allocated a PDSCH that’s fully contained within a single LBT subband. The gNB can FDM several UEs/PDSCHs by allocating several LBT subbands to multiple UEs/PDSCHs whereby each PDSCH cannot span across subbands or into guard bands. A UE that is not scheduled at the beginning of the COT can be allocated a PDSCH spanning across LBT subbands if they are contiguous and adjacent whereby data is also mapped into the guard between LBT subbands as illustrated in Fig. 6. 

RAN4 did not have time in Rel. 16 to study whether it is feasible to change the RF filtering between the first and second slot, e.g., within the duration of a CP. This work should be completed in Rel. 17.
[image: image6.png]PDCCH region

)
3 2 8
H H -
z z 5
g g ¥
%,
P,
g 3 2 8
H H ] S
3
2 2 2 H
g g g 3
w
J
N A A A J
pueqqns 1g7 pueqqns |g7 pueqqns |g1 pueqqns 197
. J

(192 Buin.as 3[uIs) Ja4IED PUEGIPIAL
=

fouanbag




Figure 6: Wideband carrier operation for NR-U with LBT performed on a 20 MHz basis in each “LBT sub-band.” Contiguous sets of LBT subbands do not exhibit guard bands at the interior subband edges.

3 Enhancements for NR-U above 52.6 GHz
The  proposals in Section 2 for FR1 are generally very mature as they have been discussed in RAN1 during the study as well as work item phase of NR-U [2]

 REF _Ref18696992 \r \h 
[8]. In addition, 3GPP could leverage the learnings of several LTE-LAA releases for the 5 GHz band. Unlicensed operation in FR2 and any bands beyond 52.6 GHz, on the other hand, represents somewhat of a new frontier for 3GPP. Hence, in this section, rather than making detailed proposals, we point out areas that RAN1 needs to investigate to facilitate operation of NR in unlicensed bands beyond 7,125 MHz.  
3.1 Definition of FR2 and relationship with NR beyond 52.6 GHz

RAN already altered the definition of FR1 for NR-U operation by moving the upper limit from 6 to 7,125 GHz in order to accommodate the entire 6 GHz band as FR1. In [9], it was proposed to similarly move the upper limit for FR2 from 52.6 to 71 GHz to accommodate the 60 GHz band. We are generally supportive of this proposal. Strictly speaking, 52.6-71 GHz would define a new frequency range FR3 because the proposal in [9] also includes definition of a new numerology for this frequency range. Except for support of an increased subcarrier spacing, FR3 would inherit all features from FR2 including the waveform and physical channel design. 
3.2 Regulatory aspects

3GPP surveyed regulatory requirements for the 600 GHz band in TR 38.805. This report has not been updated since Rel. 14 and is outdated at least for some geographic regions. For example, for Europe/CEPT it states that fixed outdoor installations are not allowed. However, ECC Report 288 showed that with some relaxation fixed outdoor deployments can feasibly co-exist in the band which is now reflected in the latest version of ERC/REC 70-03. This is important as day 1 readiness for IAB when NR specifications are being developed for unlicensed spectrum beyond FR2 is a key priority [10]. 
Since RAN #82 already agreed to study NR beyond 52.6 GHz in [5], it would be sensible to address all regulatory requirements in Rel. 16 already. If, however, this cannot be achieved, any Rel. 17 work on NR based access to unlicensed spectrum beyond 7,125 MHz should start with an updated survey of the regulatory requirements. Specifically, 3GPP should study the feasibility of relaxed listen-before-talk for fixed backhaul links with highly directional transmissions. 
3.3 Support of directional LBT

Directional LBT can increase spatial reuse and also alleviate the hidden node problem if designed properly. Since Rel. 16 only specifies omni-directional LBT, detailed analysis and simulation is required to quantify and analyze the impact of directional LBT on overall system performance. Furthermore, it is not clear how directional LBT is best realized both from a specification and hardware perspective. In FR2, but even more so beyond 52.6 GHz, a purely digital implementation is prohibitive both in terms of cost and power consumption. Hence, a hybrid architecture with RF beamforming that only exposes a small number of antenna ports can be expected as the predominant implementation. In this case, only a limited number of spatial directions can be sampled at any given time giving rise to what’s been called beam sweeping in Rel. 14 NR, e.g., for the SSB design. Similarly, LBT can be performed in different spatial directions in a dime division manner. Due to the half-duplex constraint,  however, once a given spatial direction has been determined as idle, the transmitter cannot commence a transmission in said spatial direction while also continuing to sense other spatial beams. The optimal sensing and transmission scheme should be studied by 3GPP as there are several procedures that can be envisioned to address this issue. The transmitter could cease sensing in other directions and commence a COT once an idle direction has been determined. Alternatively, a complete beam sweep with Cat. 4 LBT could be followed by Cat. 2 LBT before actually transmitting on any spatial direction deemed idle during the complete beam sweep. These and other procedures should be studied and standardized in Rel. 17.
3.4 Further enhancements to receiver assisted LBT

Receiver assisted LBT has been studied and proposed for frequencies up to 7,125 MHz in Rel. 16, see Section 2. Further enhancements can be envisioned for spectrum beyond 52.6 GHz. For example, receiver assisted channel access procedures such as closed-loop LBT may be the most promising means to solve the hidden node problem when directional LBT is used. Solutions seem to fall into CLI-like interference mitigation schemes with full frequency reuse or RTS/CTS-like channel access mechanisms [11]. One focus area should also be the feasibility of such schemes when gNBs belong to different operators as is the case in unlicensed spectrum. Procedures could be message based (RTS/CTS-like), measurement based (CLI-like) or a combination thereof, e.g., a message in the DCI followed by a measurement in the UCI. Moreover, procedures could be part of the channel access mechanism as is the case for handshake mechanisms that must pass before a COT can starts or they can be a separate procedure. For example, a first transmission can be best effort whereas when feedback is received during the COT the transmitter and/or receiver can take appropriate actions to mitigate interference and improve link and system performance. As mentioned before, any standardized procedures ideally work within one PLMN and across different operators, possibly even across RATs. Furthermore, additional enhancements are possible with license-assisted access where the licensed carrier can be leveraged to improve link and systems performance and efficiency. 
3.5 Spatial reuse enhancements

As mentioned before, directional LBT has numerous benefits for NR based access to frequencies beyond 52.6 GHz. Directional LBT can further be incentivized by allowing for soft listening with variable LBT thresholds. The feasibility and applicability of such schemes such be another work area of Rel. 17 enhancements for NR-U based access to spectrum above 52.6 GHz. 
3.6 Other enhancements 
In addition to the above, other enhancements that could be considered include enhanced operation absent most periodic signals. 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 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. 
Secondly, FBE may be an attractive mode of operation for NR based access to unlicensed spectrum in mmWave frequencies given the short frame duration at large subcarrier spacings and full frequency reuse with spatial isolation. RAN should investigate further enhancements to FBE operation, e.g., an optimized CLI framework, to make NR-U more robust when deployed with full frequency reuse in an uncoordinated network comprising a plurality of operators and RATs. 
4 Conclusion

This document discussed both FR1 enhancements as well as features fundamental to the operation of NR in unlicensed spectrum beyond 52.6 GHz. For FR1, the following work areas are proposed:
· Common Preamble Design in the 6 GHz Band

· Closed-Loop LBT for License-Assisted Access

· Enhanced wideband operation

For NR based access to unlicensed spectrum above 52.6 GHz, the following work areas are proposed:
· Definition of FR2 and relationship with NR beyond 52.6 GHz

· Regulatory aspects

· Support of directional LBT

· Further enhancements to receiver assisted LBT

· Spatial reuse enhancements

· Other enhancements
5 References
[1] RP-191551, Preparing for Rel-17, TSG RAN Chairman
[2] RP-182878, New WID on NR-based Access to Unlicensed Spectrum, Qualcomm
[3] RP-191581, Guidance on essential functionality for NR-U, Qualcomm

[4] 3GPP TR 38.805, Study on New Radio access technology, 60 GHz unlicensed spectrum, V14.0.0 (2017-03)
[5] RP-182861, Study on NR beyond 52.6 GHz, Intel
[6] R1-1901884, Design of Channel Access Procedures for NR-based access to unlicensed spectrum, AT&T
[7] Common Preamble Design in the 6 GHz Band - Merits and Challenges, AT&T, 2019 July IEEE 802.11 Coexistence Workshop, Vienna, Austria, July 2019, http://grouper.ieee.org/groups/802/11/Workshops/2019-July-Coex/att_coex_ws_final.pdf 

[8] 3GPP TR 38.889 V16.0.0, Study on NR-based access to unlicensed spectrum
[9] RP-190837, NR above 52.6GHz - Qualcomm views, Qualcomm
[10] RP-192109, IAB Enhancements for Rel 17, AT&T
[11] R1-1812977, Channel access procedures for NR-U, Samsung
