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Introduction
LTE based unlicensed operations, i.e. LAA/eLAA, were introduced starting from Rel-13. As NR phase 1 specification was recently frozen, and phase 2 Rel-15 specifications expected to be completed by June 2018, it is beneficial to study the potential leverage of new NR designs to enhance the NR-based unlicensed access. 

A Rel-15 study item on NR-based unlicensed access has been approved to study the solutions applicable to potential spectrum candidates both below and above 6Ghz, as well as various deployment scenarios, including CA or DC based LAA and standalone based unlicensed operations.   

Specifically, the study item will include the following objectives [1]: 

· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz
· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands 
· Consider similar forward compatibility principles made in the NR WI 
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz , 37GHz, 60GHz bands 
· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; 

In this contribution, we briefly discuss some potential enhancements for NRU coexistence. In a companion contribution [4], we also discuss how new NR channel and frame structure designs can benefit the NR-based unlicensed access, as well as potential further enhancements to physical channel designs including PRACH and Sync channels.

[bookmark: _Ref510795623]Enhanced LBT with priority and interference awareness
A key design requirement for LTE or NR based unlicensed access is to coexist with other unlicensed based operations and incumbent RATs as a “friendly neighbor”, e.g. it should not impact other deployed Wi-Fi services more than an additional Wi-Fi network on the same carrier. 

In LAA, the coexistence is enabled through energy-based listen-before-talk (LBT) similar as in Wi-Fi, which is also required by regulation in various markets such as Europe, Japan, and India [2][3]. LBT is an effective coexistence mechanism that, together with appropriate back-off configuration, allows different devices and RATs to share the usage of the spectrum in TDM fashion.

Existing LAA already supports different LBT priority classes based on service type, which matches well with the different Wi-Fi access classes, as shown in Table 2‑1

[bookmark: _Ref510796146]Table 2‑1 LBT with different priority classes
	Priority class
	Service type
	Defer period 
[us]
	CW values
x [9us]
	MCOT 
[ms]

	1
	Signaling, voice, real time gaming
	25
	3,7
	2

	2
	Streaming, gaming
	25
	7,15
	3

	3
	Best efforts data
	43
	15,31,63
	8 or 10

	4
	Background traffic
	79
	15,31,63,127,255,511,1023
	8 or 10


 
In addition to the service type, LBT priorities and configurations may also take some other factors into account, in order to improve the reuse of resources while still keep the overall interference under check. For example, a time critical service that only occupy a short transmission duration may have a higher priority class, e.g., with smaller CW or higher LBT threshold. 

[bookmark: _GoBack]As another example, there could be two devices physically very close to each other and are connected with low latency services. The transmitting power of the devices could be kept very low through proper power control in order to maximize battery life. Such devices could potentially be configured with higher LBT priority (e.g. smaller CW or higher LBT threshold), as the interference to the neighboring area is expected to be small.

Similarly, for connections that only occupy channel for a very short time (or COT) but requiring low latency, e.g., L1 control signaling, as the total interference to the other devices will be kept small, a higher LBT priority is also reasonable.

Proposal 1: NRU supports different LBT priorities based on multiple factors, including service type, requested COT, and transmitted power. 
[bookmark: _Ref506573700]RTS/CTS as complement to LBT
As discussed in section 2, LBT is an effective coexistence mechanism that, together with appropriate back-off configuration, allows different devices and RATs to share the usage of the spectrum in TDM fashion.  

However, there is also certain limitations associated with LBT, specifically in the following scenarios:
· Hidden nodes: where transmitter does not detect the same level of channel occupancy as the receiver
· Highly directional communication: where substantial spectrum reuse can be achieved when Tx and Rx beamforming are used.

The “hidden nodes” issue is well known for CSMA type of multi-access for unlicensed spectrum, even for sub-6GHz spectrum where transmission/reception are less directional. As illustrated in Figure 3‑1, when gNB performs LBT before reaching the UE1, it may not detect the transmission from another Wi-Fi AP, which is close enough to UE1 but far from the gNB. Therefore, the transmission from gNB to the UE1 can potentially be jammed by the transmission from AP.
[image: ]
[bookmark: _Ref506475309]Figure 3‑1 hidden nodes from distant interferer
With alternative RTS/CTS mechanism, UE1 can inform the gNB with CTS only when the channel is not being occupied or interference seen at the UE side is weak enough, as well as “muting” other potential close-by interferers.

Another scenario where LBT does not work effectively (again, due to the fact that interference seen at transmitter is not same as that at receiver) is when transmission and reception are highly directional through beam-forming, e.g. in mmW communications. Figure 3‑2 illustrates an example: LBT from gNB would not be able to identify the directional transmission from hidden Wi-Fi AP, which is transmitting to UE1. Therefore, the signal transmitted from gNB to UE2 can be jammed by the Wi-Fi signal. Similarly, the reception at UE1 could also be severely interfered by the gNB’s transmission.
[image: ]
[bookmark: _Ref506539436]Figure 3‑2 hidden nodes due to directional interference
In this case, the CCA can be further enhanced if gNB only sends out a short RTS, which keep any potential interference to minimum, and let the target UE to confirm with a CTS. This makes sure that the target UE will not be subject to any interferer unseen by the gNB. In addition, the Tx/Rx beam is typically wider at the UE side due to limited antenna configuration, and the “wider” CTS beam could also mute potential interferers which are listening to the direction of the target UE.

Proposal 2: NRU to support RTS/CTS mechanism to help mitigating potential hidden node issue.
UE Assisted Channel Selection 
One mechanism that enables a fair spectrum sharing is dynamic channel selection, where the transmitter (e.g. LAA base station) can scan the spectrum for available channels both at initial power up as well as periodically after initial power up. This dynamic channel selection can be helpful in regions where LBT are not mandated. The measurement is typically done at the transmitter side, and typically uses energy-based measurement making it RAT agnostic.

As discussed in earlier sections, in certain scenarios, the interference or channel utilization observed at the transmitter does not always reflect the interference seen at the receiver side, which is often more relevant. Therefore, it could be helpful that UEs can periodically (or occasionally) report their own measurement to the gNB scheduler to assist the channel selection procedure. 

In addition, for the UE-assisted channel selection, the UE measurement could be energy-based if scheduler want to RAT agnostic, or potentially RAT specific if LAA cells want to only avoid interference from a particular RAT (e.g. UE can detect based on Wi-Fi pre-amble if want to avoid interference from Wi-Fi devices).

Proposal 3: NRU to support UE-assisted channel selection.

Conclusions
In this contribution, we briefly discuss a few existing Rel-15 NR features that could be leveraged for NR based unlicensed access. We have the following observation and proposals:

Proposal 1: NRU supports different LBT priorities based on multiple factors, including service type, requested COT, and transmitted power. 

Proposal 2: NRU to support RTS/CTS mechanism to help mitigating potential hidden node issue.

Proposal 3: NRU to support UE-assisted channel selection.
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