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1 Introduction
In RAN1#93, the following agreement was made regarding an initial signal as a part of the NR-U frame structure:

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 subsequent RAN1 meetings #94 and #94bis, numerous discussions on this topic happened as a part of NR-U DL and UL Signals and Channels. One of the candidates for the initial signal which has been discussed extensively in these meeting is a preamble based on the 802.11 preamble. The adoption of 802.11a preamble can facilitate a minimum common preamble between NR-U and co-channel 802.11 and thus, enable mutual carrier sensing instead of plain ED based detection. For example, in contributions [4]  ,[6] and [7], proponents have argued in favour of adopting the 802.11 based preamble as an initial signal at least as an option in order to aid coexistence with co-channel 802.11 as well as to provide benefits like power savings. In [5], simulation results have been presented to show the benefits of adopting 802.11 preamble detection. In [8] however, the proponent has argued against any such benefits using the 802.11 preamble. Resultantly, no conclusions have been made.
This contribution discusses our views on the benefits of using a preamble based on the 802.11 preamble, the considerations of using this preamble as an initial signal/channel for all NR-U transmissions and the complexities of transmitting and receiving this signal/channel.
2 Discussion

In this presentation, we analyse the benefits and other considerations of NR-U and Wi-Fi using mutual Carrier Sensing in a mixed NR-U/Wi-Fi network.

2.1 Benefits of using mutual carrier sense between NR-U and 802.11

The performance of mutual Carrier Sensing between NR-U and Wi-Fi is compared to only Energy Detection for the following categories:

· Power Saving
· Spectral efficiency, Latency and Fairness

· Other benefits

It is assumed that mutual Carrier Sensing by NR-U/Wi-Fi is enabled by NR-U transmitting/receiving the 802.11 preamble. 
2.1.1 Power Saving
Carrier Sensing via detection/transmission of a common preamble allows significant power saving. 

For example, the Wi-Fi preamble contains information about the duration of the current transmission. So, a device that is sensing the channel can read the duration of the current on-air transmission and transition to a low power mode till the end of the transmission. 

On the contrary, an Energy Detection scheme doesn’t utilize any information on the duration of the current transmission. So, devices that are sensing the channel must keep sensing continuously for the end of the current on-air transmission. 

This is because, if such devices do transition blindly to a low power mode, they stand to lose channel access opportunity to another device that didn’t transition to low power mode and continued to sense the channel.

The above difference between Carrier Sensing and Energy Detection can lead to very significant differences in device power consumption.  

The following is an estimate of the power saving as a function of number of contending devices. 

It is based on the power measured on a commercial Wi-Fi 802.11ac device.

Assumptions:

· All the devices can hear one another 

· All have full buffer DL/UL traffic of the same priority class. 

· A device that intends to transmit and senses the channel as busy, transitions to a lower power mode based on decoding the length of the current on-air transmission. It wakes up again at the end of this duration and (re)starts channel sensing. 

· TXOP or MCOT duration is 8ms.

	Number of Devices
	Overall Power Saving

	1
	0%

	2
	46%

	3
	61.3%

	4
	69%

	10
	83%


Observation 1: Carrier Sense via mutual preamble detection and transmission enables up to ~50% power saving even in a 2 device network. It increases to ~80% when there are 10 devices in the network.

Observation 2: The power saving will be higher in a dense network with larger number of devices that contend simultaneously for channel access.
We also note that the power saving detailed here is available to both NR-U and Wi-Fi nodes. While it may be argued in 3GPP that the power saving in Wi-Fi nodes is not a goal, most devices can be assumed to carry both NR-U and Wi-Fi modems and in that even it is in interest to adopt a feature that optimizes the power performance of both.

Observation 3: Mutual preamble detection and transmission enables power savings in both NR-U and W-Fi

Some concerns were raised in RAN1 #94bis pertinent to the fact that this discussion is being held as a part of DL signals and channels for NR-U and therefore, the mutual preamble transmission if confined only on the DL will not yield much benefits in terms of power saving. We make the following observations in light of the concerns
· It is most logical to consider and assume that the common preamble if agreed will be used on both DL and UL. 
· Even if we restrict ourselves to considering a skewed case of transmission of the common preamble only on the NR-U DL but its detection on both DL and UL, there are substantial benefits for both the NR-U gNB as well as the UE
· It was claimed by some companies that power saving is not a consideration for the NR-U gNB. However, if it does not want to save power and if it detects with guarantee that the channel is busy for it to transmit and does not carry any transmission for it, it can put its resources to other uses such as scanning or measuring other frequencies as mentioned in 2.1.3
· In case of NR-U UE, it was claimed that the UE does not spend much time doing carrier sensing. This is incorrect due to the following reasons:
· The NR-U UE just like LAA UE is envisioned to have both autonomous and scheduled options. The autonomous option will use CAT4 LBT and hence, do constant channel sensing for the CAT4 LBT to complete successfully ahead of any AUL transmission opportunity. 
· Even in the scheduled case, the NR-U UE needs to perform CAT4 LBT whenever a transmission is scheduled outside a COT acquired by the eNB. For this, a certain number of subframes/TTIs will be allocated to the UE and the UE will perform CAT4 LBT ahead of the transmission opportunity. In case, the UE does not succeed until the first transmission opportunity, it continues its CAT4 LBT until the next available transmission opportunity. In this way, it spends a considerable amount of time performing LBT.
· In the scheduled case, when the NR-U UE is required to transmit inside a COT acquired by the eNB, the UE may perform fixed LBT in the same way as LAA.  The fixed LBT is required to succeed ahead of the 1st transmission opportunity. In case it fails, it is again performed ahead of the next transmission opportunity and so on and so forth.
· Upon knowing the occupancy state of the channel from a decoded preamble, the UE may stop sensing the channel and enter any suitable power save state for any of the above conditions.

Observation 4: Power saving due to mutual preamble detection is possible in many cases for the NR-U UE even if its transmission is restricted to the DL.
It was also claimed that even if the NR-U UE detects a preamble indicating the channel to be busy, it may need to stay awake to monitor transmission from its own gNB. However, there are many ways to continue to obtain power saving in this situation:
· If the UE detects the channel to be busy and is guaranteed not to transmit, it can enter a suitable power save mode at least for it transmission path. Most implementations have segregation of power islands for transmission and reception.

· If the UE detects the channel to be busy using the basic 802.11a preamble, there are many ways to indicate to the UE that the transmission is not intended for it. In that case, the UE can go into a complete power save mode for the duration of the transmission. Such an indication can either be very simple so as to only indicate whether it is a Wi-Fi or an NR-U transmission; or  it can be more refined so as to indicate the identity of the node transmitting it:
· Simple indication: A reserved bit in the basic 802.11a preamble can indicate whether the transmission is from an NR-U node

· Refined indication: The 802.11ac or 802.11ax preamble can be used which can indicate the identity of the transmitting node. Or the 802.11a preamble can be suffixed by an NR-U specific signal which will have the identity of the transmitting node embedded in it

· If the UE detects the channel to be busy and the transmission to be not intended for it, there is no benefit from staying awake to continue to wait for an overlapping transmission form its own gNB. This would occur only in case of hidden nodes (which would already be fewer due to reduction in the detection threshold) and in case the transmission from the gNB is significantly stronger than that of the transmission that initially set the channel to be busy so that it can continue to be decoded.

Observation 5: The NR-U UE need not stay awake even after detecting a preamble that indicates the channel to be busy.

We also note that [8] carries incorrect information regarding any power saving mode entered based upon preamble detection. It argues that there is an added cost to it in terms of channel access opportunity and requires nodes to reset their NAV upon waking up. However, the feature it refers to in the standard is a form of deep sleep and is not at all relevant in the current discussion. 
Observation 6: Power saving based on preamble detection is allowed without any additional cost in terms of channel access opportunity.
2.1.2 Spectral Efficiency, Latency and Fairness
Carrier Sensing allows the detection threshold to be varied dynamically based on policy 

It can be set low, much lower than -82dBm, even up to the minimum receive sensitivity of the device (say -92dBm and below), in order to protect weak links and also reduce the percentage of hidden nodes.
It can be set higher, in order to enable spatial reuse, if the transmissions are estimated not to cause degradation of other links. This can be done for example using the 802.11ax preamble.
The ED threshold cannot be varied in this manner as it is not feasible to set the ED threshold much lower than -77dBm.
In [5], we have evaluated different channel access schemes for the indoor sub-7 GHz topology and the agreed simulation scenario.
It is observed from these results that the scheme using mutual preamble detection/transmission in addition to energy detection provides the best performance for both Wi-Fi and NR-U DL and UL UPT ad well as Wi-Fi Voice. Intuitively as well, if the channel access schemes used by NR-U and Wi-Fi are identical, the technologies are guaranteed to be mutually fair.
Observation 7: The usage of a common preamble between NR-U and Wi-Fi yields the best coexistence performance in terms of Spectral efficiency, latency and fairness.
Observation 8: NR-U would also benefit from this common preamble as in this case, Wi-Fi would defer to it at a PD of -82 dBm instead of an ED of -62 dBm; and the incidence of collisions due to hidden nodes would also reduce.
2.1.3 Other Benefits
· Efficient use of the "non-channel access" time:

· Mutual preamble detection enables the efficient use of the "non-channel access" time

· Reading the duration information from the preamble can be used for improving the efficiency of NR-U/Wi-Fi networks. For example, a device can tune the RF away from the current channel and do inter frequency measurements for RRM when it decodes the duration of the current transmission and realizes that the channel would be busy for a given duration. This can enable measurements in naturally occurring "gaps" when the channel is known to be busy, without requiring additional measurement gaps.

· CCA slot-boundary alignment:

· NR-U and Wi-Fi detecting each other via only Energy Detection will lead to misalignment of slot boundaries across NR-U and Wi-Fi. Lack of timing alignment can reduce spectral efficiency. 

· This is a well analysed problem that has been additionally pointed out by IEEE 802’s LS to RAN1 (dated 18 March 2016) and also by Broadcom’s submission to RAN1 [9]. Mutual preamble detection resolves the problem.
Observation 9: The usage of mutual preamble detection and transmission also provides other benefits like CCA slot-boundary alignment and opportunity to perform other functions in the non-channel access time.
2.2 Other considerations
2.2.1 802.11a preamble vs. 802.11ax preamble

As also referred to in some of the previous sections, the 802.11ax preamble is more refined than the basic 802.11a preamble and can provide the following added benefits:
· It can be decoded with more reliability than the 802.11a preamble
· It can convey the identity of the transmitter and receiver
· It can convey information that can facilitate spatial reuse across technologies.
· It can provide all benefits most optimally in both 5 GHz and 6 GHz.

Observation 10: 802.11ax preamble provides many additional benefits compared to 802.11a preamble.
2.2.2 Complexity

The complexity of NR-U transmitting and receiving the 802.11 preamble has been extensively discussed. The 802.11a preamble is a 20 us OFDMA signal which can be easily transmitted or decoded by an NR-U node. It is also possible to augment the 802.11a preamble as a part of designing the new wake-up signal that can provide all the desired benefits. However, any additional complexity needs to be evaluated in view of the benefits.
3 Observations and Conclusions
Observation 1: Carrier Sense via mutual preamble detection and transmission enables up to ~50% power saving even in a 2 device network. It increases to ~80% when there are 10 devices in the network.

Observation 2: The power saving will be higher in a dense network with larger number of devices that contend simultaneously for channel access.

Observation 3: Mutual preamble detection and transmission enables power savings in both NR-U and W-Fi

Observation 4: Power saving due to mutual preamble detection is possible in many cases for the NR-U UE even if its transmission is restricted to the DL.

Observation 5: The NR-U UE need not stay awake even after detecting a preamble that indicates the channel to be busy.

Observation 6: The existing features in IEEE 802.11 already allow power saving based on preamble detection without any additional cost in terms of channel access opportunity
Observation 7: The usage of a common preamble between NR-U and Wi-Fi yields the best coexistence performance in terms of Spectral efficiency, latency and fairness.

Observation 8: NR-U would also benefit from this common preamble as in this case, Wi-Fi would defer to it at a PD of -82 dBm instead of an ED of -62 dBm; and the incidence of collisions due to hidden nodes would also reduce.

Observation 9: The usage of mutual preamble detection and transmission also provides other benefits like CCA slot-boundary alignment and opportunity to perform other functions in the non-channel access time.
Observation 10: 802.11ax preamble provides many additional benefits compared to 802.11a preamble.
Proposal 1: The 802.11a or 802.11ax preamble should be adopted as the common preamble between 802.11 and NR-U for both DL and UL to enable benefits in both the technologies with respect to power, throughput, latency, etc; and to facilitate a reciprocal channel sensing mechanism i.e. PD at -82 dBm or lower and ED at -62 dBm. 
Proposal 2: This preamble can be augmented with any required NR-U specific information for use in NR-U.
Proposal 3: An NR-U node can choose between the above ED+PD scheme and an ED-only scheme (involving an ED threshold of -72 dBm or lower)
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