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Introduction
A study item on the feasibility of using NR in unlicensed band is in progress in RAN1 [1]. In RAN1#93, the following agreement was reached regarding DL frame structure [2]:
Agreement:
· Benefits of using a signal that facilitates its detection with low complexity can be investigated including all/part of the following scenarios/use cases: 
· UE power saving
· Improved coexistence
· Spatial reuse at least within the same operator network 
· Serving cell transmission burst acquisition
· FFS: further usage scenarios

In RAN1#94, the following discussion point arose during feature-lead discussions on DL signals and channels [3]:

Proposal:
Refine the RAN1#93 agreement as follows:
· Benefits of using a signal that facilitates its detection with low complexity can be investigated. Study which signal(s) as part of a DL TXOP serves/improves one or more of the following
· Serving cell transmission burst acquisition
· E.g. for AGC/AFC
· Serving cell DL transmission identification
· UE power saving
· Improved coexistence
· Spatial reuse at least within the same operator network
· FFS: further usage scenarios
Note: To be discussed if such a signal is present in all DL TXOPs or only in parts
· Candidates
· Existing NR signal(s) with potential enhancements, e.g.
· PSS/SSS
· Based on WiFi 802.11a preamble
· Other signal(s)

In this contribution, we examine the coexistence impact of the 802.11a preamble as a part of a NR-U initial signal.

NR-U Initial Signal 

Overview of 802.11a preamble
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[bookmark: _Ref525891990]Figure 1 Preamble structure in 802.11a/g/n/ac [4]
The 802.11a preamble can be considered as a legacy preamble that is appended to all PHY frame transmissions in deployed WiFi systems for backward compatibility, as shown in Figure 1. The constituent fields are:
· Non-HT Short Training Field (L-STF) and Non-HT Long Training Field (L-LTF)
These fields are identical to the fields used in 802.11a; they consist of a sequence of 12 OFDM symbols that are used to assist the receiver in identifying that an 802.11 frame is about to start, synchronizing timers, and selecting an antenna. Any 802.11 device that is capable of OFDM operation can decode these fields.
· Non-HT Signal Field (L-SIG)
The Signal field is used by 802.11a to describe the data rate and length (in bytes) of the frame, which is used by receivers to calculate the time duration of the frame’s transmission. The SIG field comprises 24 bits, of which one bit is reserved and six tail bits are fixed to zeroes.
802.11ac devices set the data rate to 6 Mbps and derive a spoofed length in bytes so that when any receiver calculates its length, it matches the time duration required for the 802.11ac frame.
Furthermore, the MAC header in the MPDU contains the source and destination addresses, however, this information is decodable only by devices of the same WiFi release, as seen in Figure 2 for 802.11ac.
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[bookmark: _Ref525906900]Figure 2 MAC headers in 802.11ac A-MPDU
In the case of multi-carrier operation, the 802.11a preamble is duplicated across the corresponding 20 MHz channels.
Observation 1: 802.11a preamble allows the determination of the duration of an on-going frame transmission for both single-carrier and multi-carrier scenarios.

802.11a preamble in NR-U Initial Signal
Design Tradeoffs



[bookmark: _Ref525906800]Figure 3 Preamble-based initial signal [3]
Next, we discuss the pros and cons of including the 802.11a preamble in the NR-U initial signal, as exemplified in Figure 3.
The potential drawbacks include:
· Increased implementation complexity for NR-U nodes, due to the different air interface parameters for NR and 802.11 (for e.g., SCS of 312.5 kHz and FFT size 64 for 802.11a/ac in 20 MHz, compared to 30 kHz SCS and FFT size 1024 for NR-U).
· A departure from the RAN1#93 agreement that it is considered beneficial for NR-U DL and UL transmissions to be able to operate with the same numerology.
· Does not enhance coexistence with LTE LAA and other LTE-based unlicensed spectrum technologies.
It is also noted that the current 802.11a preamble without modifications as the only NR-U initial signal may not satisfy use cases beyond improved coexistence and UE power saving due to reduced CCA monitoring. For example, even if NR-U UEs read the preamble, if the RAT/PCI is not indicated they still need to perform DL subframe detection and PDCCH blind decoding in order to ascertain if they are the recipient of a scheduling grant from their serving cell. It is also unclear if the L-LTF and L-STF are useable for time-frequency synchronization with NR-U transmissions. However, we discuss in a companion contribution how augmenting the 802.11a preamble with RAT/PCI indication can benefit UE power saving [5]. 
Observation 2: Current 802.11a preamble alone (without RAT/PCI indication) as the only NR-U initial signal may not satisfy use cases beyond improved coexistence.
On the other hand, the benefits of including the 802.11a preamble are:
· Symmetric channel access for all nodes in terms of detection threshold (≥ -82 dBm) for single-carrier case.
· Symmetric channel access for all nodes in terms of detection threshold (dependent on BW) for multi-carrier case.
· Alleviation of transmission collisions due to hidden node issues.
· Unified, technology-neutral coexistence mechanism that is backward- and forward-compatible for NR-U and 802.11.
Consider the following two cases of 802.11a preamble implementation in NR-U and the corresponding implications:
· Case 1: Both NR-U gNBs and UEs transmit and receive 802.11a preamble on all DL and UL transmissions
· Achieves the benefits outlined previously for both DL and UL transmissions
· Case 2: NR-U gNBs transmit and receive 802.11a preamble on the DL, UEs do not transmit preamble and only perform ED for UL transmissions
· Only DL COT and shared COT durations detectable by neighbor gNBs/APs
· UE UL transmissions potentially suffer more collisions due to ED instead of PD by other devices 
· UE implementation simplified

Case 1 is expected to provide greater coexistence benefits, as seen from the subsequent discussion.
Analysis of Preamble-based Coexistence Results
In RAN1#94BIS, two sources presented coexistence simulations for Case 1, wherein all NR-U nodes also transmit and receive the 802.11a preamble [6][7]. Two such configurations were tested in [7]: Configuration 5 (NR-U with ED = -62dBm and PD = -82dBm and no-LBT in DL-UL gap), and Configuration 6 (NR-U with ED = -62dBm and PD -82dBm and fixed LBT with ED = -62dBm in DL-UL gap).
Both indoor and outdoor scenarios were evaluated in [6], while the indoor scenario at high load was presented in [7]. Both sources demonstrated that fair coexistence can be achieved between NR-U and WiFi across the tested scenarios. The relative gains in WiFi UPT in Step 2 versus the WiFi-WiFi baseline in Step 1 is summarized below:
· Source [6]
· Indoor
· DL: +6.25% (low load), +36.4% (medium load), +77.15% (high load)
· UL:  +6% (low load), +44.23% (medium load), +77.2% (high load)
· Outdoor
· DL: +17.74% (low load), +88.57% (medium load), +216.67% (high load)
· UL:  +13.8% (low load), +103.3% (medium load), +226.67% (high load)
· Source [7]
· Indoor
· Configuration 5, DL: +12.5% (high load), UL: +5% (high load)
· Configuration 6: DL: + 15% (high load), UL: +14% (high load)
It is seen that for source [6] the relative gain in WiFi UPT performance is especially significant at medium and high loads where a large number of nodes are contending for channel access.
Observation 3: All NR-U+WiFi coexistence results presented to date wherein NR-U nodes also transmit and receive the 802.11a preamble have shown that the 3GPP fair coexistence criterion is satisfied.
The following proposal is a natural consequence.
Proposal 1: In TR 38.889, capture the 802.11a preamble-based initial signal as a mechanism that satisfies the 3GPP fair coexistence criterion for NR-U and WiFi coexistence.

Summary
In this contribution we examined the coexistence benefits of including the 802.11a preamble in the NR-U initial signal. The following observations and proposals ensued.
Observation 1: The current 802.11a preamble allows the determination of the duration of an on-going frame transmission for both single-carrier and multi-carrier scenarios.
Observation 2: Current 802.11a preamble alone (without RAT/PCI indication) as the only NR-U initial signal may not satisfy use cases beyond improved coexistence.
Observation 3: All NR-U+WiFi coexistence results presented to date wherein NR-U nodes also transmit and receive the 802.11a preamble have shown that the 3GPP fair coexistence criterion is satisfied.
Proposal 1: In TR 38.889, capture the 802.11a preamble-based initial signal as a mechanism that satisfies the 3GPP fair coexistence criterion for NR-U and WiFi coexistence.
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