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1 Introduction
[bookmark: _GoBack]This contribution is a revision to R1-1901037.
Whether or not to introduce Wi-Fi preamble for NR-U is one of the major discussion points for NR-U, and this contribution discusses the following aspects of Wi-Fi preamble for NR-U:
· Wi-Fi preamble for indicating a gNB’s transmission burst
· Wi-Fi preamble for UE’s power saving 
· Wi-Fi preamble for coexistence
· Detection complexity for Wi-Fi preamble in NR-U system
· Implementation aspect for introducing Wi-Fi preamble to NR-U system
2 Wi-Fi Preamble for Indicating a gNB’s Transmission Burst
It was proposed that Wi-Fi 802.11a/802.11ax preamble with potential enhancement(s) can be considered as one of the potential candidate schemes for indicating a gNB’s transmission burst. A typical structure of Wi-Fi 802.11a/802.11ax preamble is illustrated in Figure 1. 


[bookmark: _Ref534206773]Figure 1 Illustration of a typical structure of Wi-Fi 802.11a/802.11ax preamble.
The preamble is lead by two sequence-based fields, each with 8 us duration. The first field is constructed by 10 short training symbols (STF), each symbol consisting of 12 subcarriers modulated by the elements of a unified sequence. The second field is constructed by 2 long training symbols (LTF), each symbol consisting of 53 subcarriers modulated by the elements of another unified sequence. 
The SIGNAL field, following the training sequences, is constructed by one symbol with 4 us duration and contains the RATE, the LENGTH, and TAIL fields, wherein the RATE field conveys information about the type of modulation and the coding rate as used in the rest of the packet; the LENGTH field conveys information the number of octets in the PSDU that the MAC is currently requesting the PHY to transmit, and the TAIL field shall be set to all zeros. Moreover, there is one reservation bit available in the SIGNAL field, and one parity check bit for the first 16 bits. The encoding of the SIGNAL field shall be performed with BPSK modulation of the subcarriers and using convolutional coding at R = 1/2. 
The DATA field, following the SIGNAL field, can contain the SERVICE field, the PSDU, the TAIL bits, and the PAD bits, if needed. 
If a Wi-Fi 802.11a/802.11ax preamble is introduced to NR-U system for indicating a gNB’s transmission burst, the preamble shall at least be capable of distinguishing cell IDs, and even UE IDs if necessary. Unlike NR signal or channels, signals in a Wi-Fi 802.11a/802.11ax preamble may not carry the NR ID information (actually the sequence is unified and does not carry any information) and channels in a Wi-Fi 802.11a/802.11ax preamble may not be scrambled by NR ID as well. It may not be proper to introduce any modifications to the training sequences in a Wi-Fi 802.11a/802.11ax preamble, hence, at least 10 bits for NR cell ID, or even more bits for NR UE ID (e.g. to be comparable to NR DMRS sequences), shall be carried by either SIGNAL field or DATA field or their combination, which would result in significant processing delay and complexity of NR-U. 
Observation 1: In order to indicate a gNB’s transmission burst, at least 10 bits for NR cell ID, or even more bits for NR UE ID, shall be carried by either SIGNAL field or DATA field or their combination in a Wi-Fi 802.11a/802.11ax preamble. 
3 Wi-Fi Preamble for UE’s Power Saving 
In the study item phase, it was heavily discussed that whether a Wi-Fi 802.11a/802.11ax preamble could facilitate NR-U UE’s power saving, especially reducing the number of PDCCH monitoring. One particular proposal discussed regarding this aspect includes using Wi-Fi 802.11a/802.11ax preamble transmitted by Wi-Fi base station to trigger NR-U UE to skip PDCCH monitoring. In this proposal, it was described that if a NR-U UE is aware of a Wi-Fi 802.11a/802.11ax preamble transmitted by a neighboring Wi-Fi base station with detected power above predefined threshold, the UE shall perform power saving and skip PDCCH monitoring for a duration indicated by the preamble. 
One potential issue with this proposal is a NR-U UE may miss the PDCCH transmission from its serving cell in a hidden node scenario, wherein it has been testified that the hidden node scenario happens frequently in both indoor and outdoor use cases. When a Wi-Fi base station and a NR-U gNB are hidden nodes from each other, they may transmit at the same time, while if a NR-U UE served by the gNB receives the preamble from the Wi-Fi base station, it will miss the PDCCH monitoring from its serving gNB due to the improper power saving behavior specified in the proposal. Hence, the proposal that using Wi-Fi 802.11a/802.11ax preamble for power saving, especially reducing the number of PDCCH monitoring, could not work. 
Observation 2: Wi-Fi 802.11a/802.11ax preamble transmitted by Wi-Fi base station cannot achieve reliable power saving for NR-U UEs. 
Furthermore, even though the Wi-Fi 802.11a/802.11ax preamble can be transmitted from its serving gNB, it is still possible that a NR-U UE misses the Wi-Fi 802.11a/802.11ax preamble from the serving gNB due to interference from neighbouring nodes. In this case, NR-U UE will miss the whole PDCCHs during gNB’s COT since the UE does not monitor PDCCH at all until the preamble is detected. To avoid this case, inevitably, NR-U UE should perform the PDCCH monitoring regardless of the preamble detection from the serving cell.
Observation 3: Wi-Fi 802.11a/802.11ax preamble transmitted by serving gNB cannot always achieve power saving for NR-U UEs due to bad detection performance.
4 Wi-Fi Preamble for Coexistence 
It was also discussed in the SI that whether introducing Wi-Fi 802.11a/802.11ax preamble to NR-U system could facilitate better coexistence. For this study, we provide the system level simulation for evaluating the coexistence performance, and details regarding all metrics evaluated can be found in [1]. 
Wi-Fi/NR-U Coexistence
Figure 2 provides the Wi-Fi DL/UL throughput performance under load/medium/high load scenarios for Wi-Fi/NR-U indoor coexistence, wherein different color represents the Wi-Fi mean throughput performance when its coexisting RAT is chosen from one of the four scenarios under study: 1) another Wi-Fi network (baseline case), 2) NR-U with -72dBm ED threshold, 3) NR-U with -82 dBm ED threshold, and 4) NR-U with Wi-Fi preamble detection. 
In addition, note that the actual detection performance for Wi-Fi preamble is implemented when enabling the preamble for NR-U. For example, in order to achieve a detection accuracy of 90%, the preamble SINR shall be at least around 0 to 2 dB, according to the detection performance references in [2][3]. 
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[bookmark: _Ref534273190]Figure 2 Wi-Fi mean throughput performance under Wi-Fi/NR-U coexistence scenario.
First of all, from Figure 2, it can be observed that Wi-Fi throughput performance can be increased under all the three studied Wi-Fi/NR-U coexistence scenarios over the baseline Wi-Fi/Wi-Fi coexistence scenario. Hence, NR-U can fair coexist with Wi-Fi by using either of the studied channel access schemes.  
Secondly, for Wi-Fi/NR-U coexistence performance, compared to coexisting with an NR-U network that uses a -72 dBm ED threshold, the Wi-Fi DL/UL throughput can be further improved when it coexists with an NR-U network that uses either a -82 dBm ED threshold, or the preamble detection scheme. Furthermore, Wi-Fi can achieve comparable or even better DL/UL throughput performance when it coexists with NR-U that uses a -82 dBm ED threshold, compared to when Wi-Fi coexists with NR-U that enables Wi-Fi preamble. This demonstrates that for the considered indoor scenario wherein a significant fraction of weak serving links (e.g., serving link RSSI < =72 dBm) exists, it is sufficient for NR-U to use energy detection with a more conservative ED threshold (e.g., -82 dBm) to well coexist with Wi-Fi. In addition, since Wi-Fi detects the preamble enabled NR-U using the -82 dBm PD threshold as opposed to the -62 dBm ED threshold, Wi-Fi will have decreased channel access chance that can lead to lower throughput values when it coexists with preamble enabled NR-U rather than ED only NR-U with -82 dBm ED threshold. 
In addition to the Wi-Fi throughput performance, the corresponding NR-U throughput performance under the three Wi-Fi/NR-U coexistence scenarios for the indoor setup are also provided in Figure 3. It can be validated from Figure 3 that depending on the energy detection threshold, NR-U with only energy detection can achieve comparable or even better mean throughput performance compared to enabling Wi-Fi preamble for NR-U. 
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[bookmark: _Ref534274362]Figure 3 NR-U mean throughput performance under Wi-Fi/NR-U coexistence scenario.
From above evaluation results, we have the following observation. 
Observation 4: Comparable Wi-Fi/NR-U coexistence performance can be achieved between when NR-U enables Wi-Fi preamble detection and when NR-U only uses energy detection.
NR-U/NR-U Coexistence
For NR-U/NR-U coexistence scenario, the performance impacts of different ED threshold and enabling preamble for NR-U are also investigated for the indoor scenario. Compared to the baseline wherein NR-U uses -72 dBm ED threshold, Figure 3 illustrates that a lower ED threshold value of -82 dBm can provide better coexistence performance for the considered indoor deployment in medium and high load cases. In particular, the NR-U throughput gain of using -82 dBm ED threshold over the -72 dBm ED threshold increases as the traffic load increases. By contrast, when Wi-Fi preamble is enabled for NR-U, NR-U is only able to achieve similar throughput performance as ED-only NR-U with -72 dBm ED threshold, and lower throughput performance compared to when NR-U uses energy detection with the -82 dBm ED threshold. This demonstrates that enabling Wi-Fi preamble for NR-U would degrade the NR-U/NR-U coexistence performance.
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Figure 4 NR-U mean throughput performance under NR-U/NR-U coexistence scenario.
From above evaluation results, we have the following observation. 
Observation 5: Enabling Wi-Fi preamble detection for NR-U would degrade NR-U/NR-U coexistence performance.
Since comparable Wi-Fi performance can be achieved when Wi-Fi coexists with ED-only NR-U and when Wi-Fi coexists with preamble enabled NR-U, and that NR-U/NR-U coexistence performance would degrade when Wi-Fi preamble is enabled, it is sufficient for NR-U to support only energy detection for fair Wi-Fi/NR-U and NR-U/NR-U coexistence. The specific energy detection threshold can be up to network implementation subject to the unlicensed regulation allowance, which can be adjusted based on the network setup/utilization such that a fair coexistence performance can be achieved.
5 Detection Complexity for Wi-Fi Preamble in NR-U System
From the discussion in the previous sessions of this contribution, it is clear that a NR-U UE shall detect the sequence-based signals and decode message-based channels in a Wi-Fi preamble to achieve the purpose of COT indication, power saving, or coexistence. However, a NR based signal can achieve same purposes with even better performance, wherein the detection of a NR based signal can be much lower than the detection of a Wi-Fi preamble since channel decoding is required for the later case. For example, the decoding complexity for convolution codes in Wi-Fi preambles normally grows non-linearly with the coded length, while the complexity of a correlation detection algorithm could be linear to the sequence length in general. Moreover, enabling the channel decoding chip area will lead to further energy consumption, which may compensate the gain, if any, of power saving by using a Wi-Fi preamble. 
Other than channel decoding, another aspect increasing the detection complexity is BWP switching due to different SCS supported in Wi-Fi preamble. A Wi-Fi 802.11a/802.11ax preamble is constructed using a SCS of 312.5 kHz, which is not supported by NR-U system. Hence, in order to detect Wi-Fi preamble accurately, a NR-U UE needs to switch the BWP (e.g. at least changing the SCS and potential BW as well), and there is a BWP switching delay for the UE to retune the local oscillator, to reconfigure the RF chain for more or less bandwidth, for reconfigure the RF chain for a given SCS, or for a combination of these operations [4]. The delay can span at least in the level of several symbols, depending on the UE type, carrier frequency range, and switching scenario, which causes further energy consumption, operation complexity, and delay comparing to using a NR signal based scheme. 
Moreover, the transmission of a Wi-Fi preamble can take place at any time instance from Wi-Fi base stations, such that the NR-U UEs have to keep monitoring the existence of such a preamble from time to time, while NR signal based scheme may only require being monitored at predefined time instances. Hence, the complexity and power consumption of monitoring Wi-Fi preambles shall be remarkably larger than NR signal based schemes. 
Observation 6: Wi-Fi preamble has much higher detection complexity and power consumption than NR-based signal.
6 Implementation Aspect of Introducing Wi-Fi Preamble to NR-U System
In order to implement Wi-Fi 802.11a/802.11ax preamble detection, several changes have to be made in the NR modem hardware (as compared to without the support of preamble detection).
Changes in sampling rate are required. For initial access for NR Rel-15 FR1, UE might only operate using 3.84 Ms/s or 7.68 Ms/s depending on the initial sub-carrier spacing, in contrast for detecting STF in Wi-Fi 802.11a/802.11ax preamble, NR UE has to operate on 20 Ms/s. Note also 20Ms/s sampling frequency is never used in any cases of NR usual operations, such that it requires essential changes to NR modem hardware. 
Changes for preamble detection are required. The changes include the use of STF for AGC loop, initial frequency estimation, and course timing synchronization, wherein some type of auto/cross correlation has to be performed to obtain the start of the packet and course timing. The changes also include the use of LTF for channel estimation if we want to decode information in SIGNAL field and get the length of PSDU, wherein all of the channel estimation algorithm in NR system are based of pilot symbol, so some hardware modification is required to support this.
Given that there is no significant gain for supporting Wi-Fi 802.11a/802.11ax preamble detection and non-negligible required hardware changes, Wi-Fi 802.11a/802.11ax preamble shall not be supported for NR-U.
Observation 7: Introducing Wi-Fi 802.11a/802.11ax preamble causes essential changes to NR modem hardware.
7 Conclusion
The observations made in this contribution are summarized below:
Observation 1: In order to indicate a gNB’s transmission burst, at least 10 bits for NR cell ID, or even more bits for NR UE ID, shall be carried by either SIGNAL field or DATA field or their combination in a Wi-Fi 802.11a/802.11ax preamble. 
Observation 2: Wi-Fi 802.11a/802.11ax preamble transmitted by Wi-Fi base station cannot achieve reliable power saving for NR-U UEs. 
Observation 3: Wi-Fi 802.11a/802.11ax preamble transmitted by serving gNB cannot always achieve power saving for NR-U UEs due to bad detection performance.
Observation 4: Comparable Wi-Fi/NR-U coexistence performance can be achieved between when NR-U enables Wi-Fi preamble detection and when NR-U only uses energy detection.
Observation 5: Enabling Wi-Fi preamble detection for NR-U would degrade NR-U/NR-U coexistence performance.
Observation 6: Wi-Fi preamble has much higher detection complexity and power consumption than NR-based signal.
Observation 7: Introducing Wi-Fi 802.11a/802.11ax preamble causes essential changes to NR modem hardware.
Based on the above observations, we didn’t see obvious gain from supporting Wi-Fi preamble for NR-U, with respect to every studied aspect, and supporting Wi-Fi preamble may lead to negative impact to NR-U in terms of the throughput performance, energy consumption on detection, detection accuracy as a COT indicator, detection delay due to BWP switching, and implementation difficulty. Hence, we have the following proposal: 
Proposal: Wi-Fi preamble shall not be supported for NR-U.
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