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1 Introduction 

In RAN1 #93, the following agreement was made [1]: 
	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




Note that from RAN1 design perspective, the study is not limited to a particular unlicensed band including bands that may become available in the future. On the other hand, from the email discussion on candidate spectrum for NR-unlicensed operation, which was conducted prior to RAN1 #92, the interests on the potential 6 GHz unlicensed spectrum can be seen from majority of companies [2]. Based on the above agreement and also interests from majority companies, we share our initial thoughts on technology neutral common preamble design for Greenfield, e.g., 6 GHz and the pros/cons of possible options will be discussed. 

2 Discussion on possible approaches for Greenfield
In high-level, the potential approaches can be divided into two:

· Design technology neutral common preamble based on the IEEE 802.11a preamble.
· Design new technology neutral common preamble (not based on IEEE 802.11a preamble).
The following figure illustrates preamble structures for IEEE 802.11 technologies operating in 5 GHz unlicensed spectrum [3]. From the figure, it can be observed that the preambles of later technologies, i.e., 802.11n/ac/ax, always start with 11a preamble consisting of legacy short training field (L-STF), legacy long training field (L-LTF), and legacy SIG (L-SIG) field, except for 11n Greenfield preamble, designed for 11n devices operating in a band where no legacy Wi-Fi devices are operating. The reuse of 11a legacy preamble in the later IEEE 802.11 technologies is for backwards compatibility. Designing technology neutral common preamble based on the IEEE 802.11a preamble is in the same context. That is, the technology neutral preamble is designed considering the compatibility with existing Wi-Fi devices that can understand IEEE 802.11a preamble. 
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Figure 1. Preamble structure of IEEE 802.11 technologies operating in 5 GHz unlicensed spectrum
The technology neutral common preamble based on the IEEE 802.11a preamble has the following advantages:

· Not requiring hardware changes for existing Wi-Fi implementations. 

· The technology neutral common preamble can be also used to improve coexistence in 5 GHz unlicensed spectrum. 
Without a doubt, Wi-Fi is the predominant unlicensed band technology. Even for unlicensed spectrum that may become available in the future, it can be expectable that Wi-Fi will operate there. In the case of 6 GHz band
, which is currently being considered to be open for unlicensed use, it was already approved to modify the existing approved PAR (Project Authorization Request) for P802.11ax such that 802.11ax devices can operate up to 7.125 GHz frequency. This implies that there will be no changes in 11ax technology including agreed upon preambles, even when it operates in 6 GHz unlicensed spectrum when it becomes available. Therefore, not requiring hardware changes for existing Wi-Fi technology is one important and necessary attribute of technology neutral common preamble design. As an example, if a technology neutral common preamble for 6 GHz unlicensed spectrum is defined, which is not based on IEEE 802.11a preamble, then 11ax devices would not understand, and naturally it becomes not a common preamble. 

On the other hand, another advantage of technology neutral common preamble that is based on the IEEE 802.11a preamble is that it can also work in 5 GHz unlicensed spectrum. That is, NR-unlicensed system can perform preamble detection of Wi-Fi preambles, which will promote even better coexistence with incumbent Wi-Fi technologies by using Packet Detect (PD) thresholds in addition to the Energy detection that is already done in LAA. Similarly Wi-Fi based devices can perform detection of the common preamble and properly defer to the NR devices.  

An NR physical channel, e.g., PDCCH, PDSCH, PUSCH, etc., can be preceded by the legacy preamble (L-STF, L-LTF and L-SIG), duplicated on each 20 MHz, for backward compatibility with Wi-Fi devices.  Note that the L-STF and L-LTF span a maximum of 16.25 MHz and L-SIG may span a maximum of 17.5 MHz.  In 802.11a/g/n/ac devices, L-SIG spanned a maximum of 16.25 MHz.  In 802.11ax, the L-SIG has an additional. 4 extra tones.  The L-SIG value contains the LENGTH field which is typically used for medium reservation.  The maximum value of the LENGTH field is 4095 bytes and allows for a medium reservation of up to 5.484 ms.  Note that 802.11ax devices have the LENGH field defined to not be divisible by 3.  By having the NR preamble have LENGTH field value divisible by 3, NR devices can discard and save power when they encounter packets that have the LENGTH field have value that is not divisible by 3.

Proposal 1: The 802.11a preamble is used for NR-unlicensed with the LENGTH field of the L-SIG divisible by 3.
The next topic to consider is how to make the 802.11a preamble fit with the already agreed upon numerology.  Below is a figure that depicts a diagram (not drawn perfectly to scale) using units of us.
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Here we see that the duration of the 802.11a preamble does not fit perfectly in the NR numerology.  Its introduction would affect the first, first, second, and third OFDM symbols for 15, 30, 60, and 120 kHz, respectively.  

We see 2 potential solutions here:

a) Have a single 20us 802.11a preamble and change the cyclic prefix of the subsequent OFDM symbol.

b) For 15 kHz subcarrier spacing (SCS), replicate 802.11a preamble (in units of 20us) three times so as to fill up the affected OFDM symbol.   Note that the LENGTH field of the 3 different copies would have to account for the 20us difference between them.  For example, if the LENGTH field was 4095 for the first preamble, the LENGTH field would have to be 4080 and 4065 for the second and third copies, respectively.  Note that these LENGTH values are still divisible by 3.  This would allow for eavesdropping devices to have multiple chances to decode the preamble, properly defer, and avoid collisions.  In this case, the additional cyclic prefix for the subsequent symbol would be 11.875 us, 16.1979 us, 16.1979 us, and 7.2786 us for 15, 30, 60, and 120 kHz respectively.  
Proposal 2: In the 15 kHz case, there are 3 copies of the 802.11a preamble inserted in the first OFDM symbol.  In the other cases, a single copy of the 802.11a preamble is inserted in the first OFDM symbol.

Proposal 3: The cyclic prefix for the subsequent symbol after the 802.11a preamble insertion is increased by values of 11.875 us, 16.1979 us, 16.1979 us, and 7.2786 us for the 15, 30, 60, and 120 kHz cases, respectively.  

3 Conclusions

In this contribution, an initial design on a technology neutral common preamble design for 5 GHz was shared. In particular, we observed advantages of designing technology neutral common preamble based on the IEEE 802.11a preamble. That is, 1) it does not require hardware changes of existing Wi-Fi implementations and 2) the technology neutral common preamble can be also used to improve coexistence in 5 GHz unlicensed spectrum.  We looked at how the IEEE 802.11a preamble would fit in the numerology and made some recommendations.   In summary, the following 3 proposals were made:
Proposal 1: The 802.11a preamble is used for NR-unlicensed with the LENGTH field of the L-SIG divisible by 3.
Proposal 2: In the 15 kHz case, there are 3 copies of the 802.11a preamble inserted in the first OFDM symbol.  In the other cases, a single copy of the 802.11a preamble is inserted in the first OFDM symbol.

Proposal 3: The cyclic prefix for the subsequent symbol after the 802.11a preamble insertion is increased by values of 11.875 us, 16.1979 us, 16.1979 us, and 7.2786 us for the 15, 30, 60, and 120 kHz cases, respectively.  
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