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Introduction
A work item was approved for NR in unlicensed bands in RAN#82 [1]. In this contribution we propose some ideas on channel access.
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In RAN1#95 twelve companies expressed support for the use of a common preamble between NR-U and Wi-Fi, while one company objected, as captured in the feature lead summary. The NR-U WID [1] specifies that extensions of the ED-only scheme will be discussed in the work item phase. Many companies have presented benefits of a common preamble design. For example, coexistence improvement, reduction in device power consumption, enabling higher spatial reuse, etc. The common preamble may or may not be the same as the IEEE 802.11ax preamble. Also there is no need for the preamble to include support for IEEE 802.11ac for new bands. The preamble should be designed with consideration of implementation complexity along with other factors.
Observation 1: There is a lot of support for a common preamble for NR-U and Wi-Fi due to its many benefits
Proposal 1: A common preamble design should be considered for NR-U and Wi-Fi (11ax)
Proposal 2: The common preamble may be based on the IEEE 802.11ax preamble or a common new design
With a common preamble, Wi-Fi (11ax) and NR-U can both use PD/ED with -82/-62 dBm thresholds. It can be shown that this results in the best coexistence performance. PD/ED should at least be an option for NR-U channel access along with ED-only. 
Proposal 3: PD/ED should at least be considered as an option for NR-U channel access along with ED-only
If an agreement cannot be reached to use a common preamble for new bands (at least as an option), then it must be ensured that Wi-Fi also uses the same ED threshold as NR-U, i.e. Wi-Fi uses -72 dBm instead of -62 dBm as the ED threshold while continuing to use -82 dBm or lower for PD threshold. In the following we show that having a 10 dB differential between NR-U and Wi-Fi ED thresholds can lead to a catastrophic performance loss for NR-U when the two nodes see each other at RSSI in the range of -72 and -62 dBm.
[image: ]Consider two Wi-Fi APs (A and B) and one NR-U gNodeB (C). Suppose that the devices connected to these nodes receive a signal strength of -68 dBm which results in an SNR of 32 dB. Also suppose that APs A and B see each other (and their corresponding devices) at RSSI > -82 dBm, while they each see NR-U gNodeB (and its corresponding device) at an RSSI between -72 and -62 dBm. In this case APs A and B will take turns using the channel without yielding to gNodeB C, while C will always yield to A and B transmissions. C may get up to 33% use of the channel when nodes A and B are in random backoff but its SINR would be between -9 and 1 dB. As a result, its throughput would be close to zero. On the other hand, nodes A and B will get at least 33% use of the channel exclusively. This will result in an SINR of 32 dB and consequently a high throughput during this period. Nodes A and B will also get up to 17% use of the channel shared with C. However, the SINR would be between -6 and 4 dB, resulting in a low throughput during this period. 
In the same scenario, if A and B were to lower their ED threshold to -72 dBm (same as NR-U), they will not get the shared use of the channel with C (for up to 17% of time). Since the SINR is quite low (at most 4 dB), nodes A and B do not lose much from having access to the channel during this period. On the other hand, NR-U node gets 33% use of the channel exclusively, resulting in a high throughput. In conclusion, there is not much for Wi-Fi to lose but a lot for NR-U to gain from decreasing the Wi-Fi ED threshold to -72 dBm. This results in an equitable sharing of the channel between Wi-Fi and NR-U. Note that a common preamble results in even better performance for both technologies and should be considered as a first option.
Observation 2: There is not much for Wi-Fi to lose but a lot for NR-U to gain from decreasing the Wi-Fi ED threshold to -72 dBm in case Wi-Fi uses PD/ED and NR-U uses ED-only
Proposal 4: If a common preamble could not be agreed at least as an option for NR-U channel access, then all technologies should use the same -72 dBm ED threshold in new bands
This can be discussed in the joint workshop proposed by IEEE 802.11 WG [2].
Channel Access in 5 GHz band
LAA channel access was modelled after the ETSI BRAN proposal for IEEE 802.11ax at that time. The ruling has now been changed to allow 11ax to use the same dual ED/PD mechanism as legacy Wi-Fi. Outside of EU, for example in North America where there are no specific rules for LBT, 11ax will anyway continue to use the dual ED/PD mechanism. With 11ax expected to be increasingly deployed outdoors, NR-U and 11ax will find each other on nearby poles. In these situations sharing will always favour Wi-Fi unless NR-U adopts the legacy Wi-Fi preamble and ED/PD mechanism. Adopting the legacy Wi-Fi preamble and ED/PD mechanism should therefore be considered as an option if benefits outweigh the cost. It is also beneficial to consider using Wi-Fi preamble and ED/PD adaptively as needed. Adaptation may be allowed on a slow time scale as recently proposed for IEEE 802.11ax. 
Proposal 5: NR-U should adopt the legacy Wi-Fi preamble and ED/PD mechanism as an option for 5 GHz bands
Proposal 6: Wi-Fi preamble and ED/PD mechanism should be used adaptively on a slow time scale for 5 GHz bands
Improving NR-U channel access for intra-technology sharing, i.e. among NR-U nodes of same or different operators, is another topic that needs further investigation. An NR-U specific preamble or wake-up signal, which may or may not be used in conjunction with the legacy Wi-Fi preamble, may be considered. Also, ideas for license cell assistance or adhoc network synchronization may be considered. 
Proposal 7: Mechanisms for improving intra and inter-operator NR-U sharing should be considered
Channel Access Procedures
By design NR is better suited for unlicensed channel access than LTE. Flexible frame structure – mini-slots and higher subcarrier spacing allow higher granularity of access thereby increasing channel access opportunities. Layer 1 carrier aggregation can help access large channel bandwidths and beamforming can enable higher spectral reuse.
Beam Based Access
NR systems, especially for mmWave spectrum, will have a large number of antenna elements which could be used for analog, digital or hybrid beamforming. With Time Division Duplex (TDD) transmission, every transmit beam has a corresponding receive beam with identical characteristics. Using this property, a transceiver can tell if other users are active on some beams but not on other beams. This allows the transceiver to use the inactive beams for its transmissions, thus increasing channel reuse efficiency without causing interference. Transmission and reception in narrow beams allows for higher spatial reuse, increasing spectrum reuse efficiency. Further discussion on beam based channel access and beam management can be found in [4].
Proposal 8: Beam based channel access should be considered for improving channel reuse
Fast Channel Access
Some NR transmission bursts are quite short. Examples include HARQ response and SS Block transmission. A 4 symbol SS Block with 120 kHz SCS takes only 36 us which is shorter than a defer period (43 us). Such transmissions may not cause much interference. Therefore, channel access without LBT could be considered. 
Proposal 9: For time-sensitive transmissions that are short in duration, channel access without LBT should be considered
Closed-Loop License Assisted Access
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 transmitting nodes are outside the sensing range of the transmitting node as shown in Figure 1.
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Figure 1. Hidden Node Problem
However, joint operation of licensed (NR-L) and unlicensed (NR-U) carriers under a License Assisted Access (LAA) framework can be used to help overcome the challenges of hidden nodes. 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 LBT feedback provided to the transmitter avoid missed LBT detection at the transmitter and unwanted transmission collisions at the receiver. In addition the LBT feedback may be used to adapt various LBT parameters over time such as sensing threshold, duration, priority, etc.
An example of Closed-Loop LBT is shown in Figure 2 below. The gNB1 serving UE1 sends a trigger on the licensed (NR-L) carrier which indicates to the UE to perform sensing on the NR-U carrier simultaneously with the gNB. After carrier sensing is performed, UE1 provides feedback of the CCA result on the NR-L or NR-U carrier and the network can determine whether to schedule (DL/UL) transmissions on the NR-U carrier based on the LBT feedback in conjunction with the result of the gNB’s own sensing. 
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Figure 2. Example Closed-Loop LBT Scenario
Observation 4: By utilizing the licensed carrier, LBT procedure can become more robust with lower latency/overhead than techniques which can only utilize unlicensed spectrum.

Closed-Loop LBT can additionally be extended to enable synchronous LBT across multiple UEs. In Figure 3, the gNB1 sends LBT triggers to both UE1 and UE2 which aligns their clear channel assessment (CCA) periods. When both UEs complete the sensing they send LBT feedback messages on the NR-L carrier providing the sensing result. 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
Observation 5: In case multiple UEs indicate clear channel status, the gNB may schedule them simultaneously for example with multi-user MIMO transmissions, increasing the spectral efficiency of the NR-U carrier.
In addition to achieving synchronizing LBT between the transmitter and receivers on the same cell, Closed Loop LBT can be utilized to achieve LBT synchronization across cells. This is beneficial when nearby cells are deployed by the same operator and in this case the overhead of LBT can be reduced or eliminated through spectrum reuse (e.g. reuse-1) for transmissions from the same operator, with minimal backhaul coordination. Figure 3 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.
Observation 6: Closed-Loop LBT can be used to enable functionality for NR-U which maximizes frequency reuse, especially when operating under light load or sparse deployment.
Proposal 10: The NR-U SI should consider Closed-Loop LBT techniques which utilize licensed spectrum signaling and UE sensing feedback for avoiding hidden/exposed node problems and to enable efficient spectrum utilization through multi-user MIMO and multi-cell reuse-1 transmissions.
Conclusions
In this contribution we outlined our views on spectrum sharing. Based on our observations we recommend the following.
Proposal 1: A common preamble design should be considered for NR-U and Wi-Fi (11ax)
Proposal 2: The common preamble may be based on the IEEE 802.11ax preamble or a common new design
Proposal 3: PD/ED mechanism should at least be considered as an option for NR-U channel access along with ED-only
Proposal 4: If a common preamble could not be agreed at least as an option for NR-U channel access, then all technologies should use the same -72 dBm ED threshold in new bands
Proposal 5: NR-U should adopt the legacy Wi-Fi preamble and ED/PD mechanism as an option for 5 GHz bands
Proposal 6: Wi-Fi preamble and ED/PD mechanism should be used adaptively on a slow time scale for 5 GHz bands
Proposal 7: Mechanisms for improving intra and inter-operator NR-U sharing should be considered
Proposal 8: Beam based channel access should be considered for improving channel reuse
Proposal 9: For time-sensitive transmissions that are short in duration, channel access without LBT should be considered
Proposal 10: The NR-U SI should consider Closed-Loop LBT techniques which utilize licensed spectrum signaling and UE sensing feedback for avoiding hidden/exposed node problems and to enable efficient spectrum utilization through multi-user MIMO and multi-cell reuse-1 transmissions
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